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IntroductionIntroductionIntroductionIntroduction    
and Editor’s comments about the 2021-22 Edition of      
The Extrusion Press Maintenance Manual 

 

The Free-Online version of the manual is being revised and 
updated chapter-by-chapter with new and improved 
information.  This work is made possible by the Sponsors 
listed, and you are asked to support these sponsors by 
clicking on the links to their web sites. 

This Manual was originally published in 1996 and offered 
as a print only version.  The 2nd Edition in 2000 was a 
general revision and update with improved duplex 
typography and graphics, and the CD-ROM version of the 
2nd Edition was offered in 2001.  The 3rd Edition was 
published in 2004, with addition of versions on USB flash 
drive or by email.  Now revisions are made as new 
information becomes available, and the latest versions are printed or copied on-demand. 

This Manual began as a project of the Aluminum Extruders Council Tech Services Committee.  
The idea was to provide a reference and training tool for newcomers to the extrusion industry --- 
especially anyone working with older presses where the original manuals have been lost and the 
original maintenance people aren’t around any more. 

Since the 1st Edition in 1996, the available information about extrusion equipment has grown 
substantially, so much so that we decided to redefine the Manual as “the essential reference 
for extrusion plant managers.”  The goal is to bring together in one place all of the useful 
information we can find about extrusion equipment, to make it the first place that maintenance 
personnel, plant engineers, managers, trainees --- everyone in the industry --- can turn to for 
answers and instruction.  We’ve touched on repairs, preventive maintenance, installation, 
modernization --- anything useful we could find about the subject. 

If you look carefully you will find different recommendations by different contributors, for example, 
the frequency and procedures for press inspections.  I have not tried to remove or resolve these 
contradictions, but left them in so that the reader will have the benefit of all available advice.  
Sometimes even the experts don’t agree, and you must choose between conflicting 
recommendations. 

Please note that I claim to be the Editor (as opposed to Author) of this Manual, since most of the 
material has been gathered from other sources.  I have compiled it, in many cases rewritten it for 
clarity and conciseness, formatted it, and commented on it.  I’ve tried to give proper credit for all 
material used (please let me know if I failed to properly credit anyone), and tried to leave 
references so the reader can get additional information if necessary.  

So, I want to thank everyone who has shared their know-how for this Manual, especially to those 
who have prepared technical papers and made presentations at seminars.  You have helped to 
make our industry strong and competitive by passing along your experience and knowledge to 
those who will follow in your footsteps. 

 

 

 

 
Kennedy Eurotech, Inc. 
4 Oak Point  -  Newnan GA 30263 USA 
Telephone +770-304-1000 
www.alkennedy.net  -  alkennedy@usa.net  
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financially or otherwise, for damages (both consequential and incidental) including but not limited 
to: damaged equipment, personal injury, loss of production, or damaged goods, resulting from the 
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RRoouuttiinnee  PPrreessss  MMaaiinntteennaannccee  
This Chapter Sponsored by CASTOOL Tooling Solutions 

www.Castool.com 

 

The Need for Regular Inspection and Maintenance 

 The common enemies of the horizontal extrusion press are gravity, friction, fatigue, dirt 
and foreign matter.  The horizontal position requires special support surfaces to bear the weight of 
components throughout the operating cycle.  These bearing surfaces are subject to wear from 
constant friction, and to damage from dirt and foreign matter that are common around the press.  
Heavy equipment and tooling may be dropped on these surfaces, causing permanent damage.  
Lubricants and hydraulic fluids catch and hold dirt onto the critical surfaces. 

 Proper alignment of the press is critical to minimizing wear, and also to minimizing stresses 
on the press structure and components.  Although press components may be oversized for long life, 
a seemingly minor misalignment may multiply the stresses involved and result in premature failure.  
For example, misalignment of the main crosshead may result in excessive wear to the main ram, 
main cylinder packing, and main cylinder bushing; and to the crosshead cylinders, bushings, and 
packings.  The crosshead cylinder rods may fail due to fatigue loading. 

 Alignment of the stem, container and tooling stack with the press platen and pressure ring 
are likewise critical to extrusion tolerances as well as to the life of the container lining, container shift 
cylinders, and die carriers.  Operating with badly worn container guides makes proper alignment 
impossible and eventually results in excessive costs for poor quality, downtime and repair costs. 

 The guide ways and shoes for the container and crosshead must be protected from dirt and 
foreign matter as well as misalignment.  Dirt is easily air-blown or tracked on the shoes of workers.  
Careless handling of heavy tooling, bars, or hand tools can cause a permanent nick or dent to these 
surfaces.  The same is true for the main ram and for crosshead or container cylinder rods. 

 Effective maintenance must begin with educating all workers about these hazards and their 
consequences, as well as proper preventive measures.  Minor damage must be recognized by 
inspection and corrected before secondary damage results. 

 

 

Scheduled Maintenance 

Planned maintenance of equipment on a regular basis allows for the most efficient use of 
both workers and machine.  With scheduled downtime, work can be performed when all the 
necessary skills, parts, supplies, and test equipment are available.  Production workers may be 
scheduled off or assigned to other duties.  Many different tasks may be carried out at the same time.  
Work may be performed more carefully.  By recording historical wear rates, certain components may 
be replaced before unplanned breakdowns occur. 

 

The Voice of Experience: 

One “old-timer” with many years experience in press maintenance offered this advice 
before he retired:  “Think of the press as a small child who isn’t yet able to talk.  So we must 
care for him gently, and listen to him to understand even the smallest problem.  We should 
clean him constantly and carefully, and take care of even the smallest leakage.  In return 
for this, we will be pleased with his performance.” 
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 By contrast, “breakdown maintenance” must depend on the workers and skills available at 
the moment of breakdown, and delays often occur while the appropriate people, repair parts, and 
supplies are rounded up.  Work is seldom performed well or efficiently, and many items that could 
have been done at the same time must be delayed until the next unplanned breakdown. 

 Well-organized plants schedule press repairs on a regular frequency, usually taking “PM” 
(preventive maintenance) or “down-days” weekly or semi-weekly.  Tasks are scheduled according to 
items noted on daily inspections, plus items scheduled at a frequency determined from past 
experience.  Monthly, quarterly, semi-annual, and annual PM periods will take longer according to 
the additional checks included in the established schedules. 

 It is not possible to set an overall “standard” frequency for preventive maintenance; it is 
different for each press and for each company.  Even though suggested maintenance intervals are 
given in Chapter A - Maintenance Schedules, these are indicative only and should be adjusted 
based on your actual situation:  the design of your equipment, its age, its actual history, and 
requirements of your production schedule 

 The frequencies suggested here are based on the opinions of various equipment suppliers 
and experienced extrusion plant engineers, and they can be a good reference for establishing your 
own schedules and program. 

 

Sponsor's advertisement -- more information: www.castool.com 
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Predictive Maintenance 

 Predictive maintenance uses modern 
technology to determine a machine’s condition 
while it is operating, records the information, and 
analyzes the recorded information to predict the 
optimum time and extent of repair needed to 
keep the machine in its best condition.1  
Examples of Predictive Maintenance of Extrusion 
Presses include: 

• hydraulic oil analysis 

• Magnetic Particle Inspection and 
Ultrasonic Testing of press 
components to detect fatigue cracks 

• infrared scans of electrical 
equipment to look for overheating 

• vibration monitoring 

Preventive Maintenance 

Preventive Maintenance (PM) describes 
any scheduled maintenance task which is 
performed to prevent unplanned maintenance or 
breakdown.  PM usually involves routine, 
repetitive tasks, and may be performed by 
maintenance people or operators.  The list of PM 
tasks for any plant is constantly changing, 
according to records of breakdown-causing 
problems as well as items found on other PM’s. 

 Included in Chapter A are suggested 
Maintenance Schedules for extrusion press 
plants.  These can be used as the basis for 
establishing a PM program if one does not 
already exist.  (Copies of these schedule sheets 
are also available in Spreadsheet format; contact 
the author by email for free copies.) 

Preventive Maintenance Planning 

 After the Preventive Maintenance program is in place, effective performance requires 
planning for each PM.  This means devoting the time and manpower to analyze each task and its 
frequency; then identifying the personnel, tools, parts, supplies, and test equipment needed for each 
task; and, finally, assuring that all are available for the PM period.  Without this kind of planning, 
some tasks will be left incomplete or skipped entirely, and the PM program will be a failure. 

Daily Walk-Around Inspection.  There is no substitute for a daily operating check of the press, just 
as an airplane pilot or truck driver makes a routine “walk around” check of his equipment.  Without 
stopping the press, an appropriately trained supervisor, maintenance person or operator should 
check the press thoroughly, noting items which may safely be observed while the press is operating.  
The items observed will then be scheduled for repair according to the urgency of the problems.  A 
suggested check list for this daily inspection is included in the Preventive Maintenance Schedule.  In 
general: 

 Look at the motions of the main moving parts: container, crosshead, die changer, butt shear.  
Are movements generally smooth and parallel? 

                                                           
1 Eidson, B., “Improving Equipment Effectiveness Through Total Productive Manufacturing,” 

Proceedings of 6th International Aluminum Extrusion Technology Seminar, (1996). 
 

 
 

Figure 1-1: Ultrasound test of main cylinder 
(Photo courtesy of Presezzi Extrusion) 

 

 
Figure 1-2: Infrared view of an overheated fuse 

block 
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 Look at alignment on a discard butt (or special scribed-dummy-die butt): a quick inspection will 
indicate alignment and condition of the container. 

 Look at the tooling carrier or die slide: wear or build-up which may result in premature wear will 
be evident here.  Is the die changer or carrier clean? 

 Look at the container, ram stem, and fixed dummy block: signs of buildup, misalignment, bent 
ram, or other problems will appear here. 

 Look at the main ram and auxiliary cylinders: oil leaks or damage to rods or bushings may be 
spotted. 

 Look over the hydraulic system: for leaks, vibration, low oil, excess heat, changes in oil 
temperature, or change in oil condition; all are signs of trouble ahead. 

 Look for changes: what’s different from yesterday, and why? 

Note:  also see the check-sheet-based approach by David Turnipseed in The Voice of 
Experience, page 1-9. 

Mechanical Maintenance 
Main Cylinder and Packing.  The main cylinder packing should be observed for oil leaks, in 
particular for any sudden increase in leakage, which may indicate damage to the packing or main 
ram surface.  Packing should be checked for embedded particles, which may score the surface of 
the main ram.  When tightening the packing, the gland ring must be tightened evenly all around.  
Spacers made of keystock may be used to measure that it is being tightened uniformly. 

 Periodically the main cylinder should be checked for possible excess wear to the main 
cylinder bushing, as follows: extend the main ram just far enough to accommodate a machinist’s 
level on the ram surface (about 18”).  At this point the main ram should be fully supported by the 
main ram bearing bushing.  The main ram should be level to the same tolerance as the main 
cylinder: 0.0005 in/ft (0.04 mm/meter).  If the main cylinder’s platen surface is perpendicular and the 
ram is not level, the main ram bearing bushing is likely worn and may require replacement.  The 
guide shoes of the moveable crosshead should just be touching the guide ways in this position. 

Main Ram.  The main ram must be checked for nicks or scratches, which will damage packing and 
increase oil leakage.  If nicks or scratches occur, the surface must be immediately polished smooth 
with a stone, then washed to remove the residue.  Follow up carefully -- watch the area closely and 
repack as soon as convenient, or immediately if scoring persists. 

Tie Rods.  Check prestress of the tie-rods by feeling for clearance between the inside nuts and 
flanges while the press is under load.  Any clearance, even 0.001 inch (0.025 mm) indicates loss of 
prestress.  Each nut should also be match-marked to the platen so that any rotation of the nut will be 
apparent. 

 Follow the press manufacturer’s instructions for loosening nuts and adjusting the prestress 
of tie rods.  In the absence of such manufacturer’s instructions, the following general procedure may 
be useful for presses with 4 nuts per tie-rod: 

 Prestressing of tie rods is usually accomplished by raising the press tonnage to 10% above 
the rating and using the main ram to stretch the rods, then tightening the inside nuts and locking 
them to retain the prestress. 

 The inside nuts should remain tight, even under full load, and should not allow insertion of 
even a 0.001 inch feeler gauge (0.025 mm) between the nut and flange.  Likewise when the load is 
relaxed there must be no clearance between the platen and outside nuts.  With sleeved tie-rods, no 
space is permitted between the sleeve and platen.  Any such space indicates a loss of pre-stress 
and requires re-torqueing of nuts and rechecking of squareness. 

 Note also the recommended procedures for detecting, monitoring, and repairing cracked tie 
rods, in Chapter 4 - Inspecting and Repairing Major Components. 

Front Platen.  The condition of the front platen pressure ring is critical to die performance and so 
should be checked often with straightedge and feeler gauge.  The primary concerns are looseness, 
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cracking, or distortion; for example “coining”, in which a permanent impression is made in the ring.  
Repair or replace the pressure ring if any damage is detected.  The old ring may sometimes be 
returned to a smooth and parallel condition by grinding and shimming. 

Crosshead, Guideways, and Guide Shoes.  Correct adjustment of the crosshead is discussed in 
Chapter 2- Press Alignment.  In addition to alignment, the guide ways must be checked for nicks or 
other damage to the surfaces, for example damage due to dropped tooling.  Another concern is 
brass pick-up on the ways, indicating possible poor lubrication, or that the brass shoes are not 
making proper contact due to misalignment.  Guide shoes should be removed and fully inspected 
periodically; replace or re-machine as needed.  Many presses are fitted with wipers to remove dirt 
and foreign matter ahead of the shoes; check these wipers for proper alignment. 

Crosshead Cylinders.  Check for excessive oil on the rods, which may indicate damage to packing 
or bushings.  Check clearances around the rods (also when repacking) which may indicate excess 
wear of bushings.  Check for nicks, bending, or other damage to rods, which may damage the 
packing.  Check for oil leaks at cylinder connections.  Check that the attachment nuts to the 
crosshead are tight, including while under load.  Check for excess heat, which may indicate that oil is 
by-passing the piston head (cylinder rebuild needed); hold the crosshead against main cylinder at full 
pressure and check for temperature rise. 

Ram Stem.  In addition to the alignment checks indicated in Chapter 2 - Press Alignment, the ram 
stem should be checked often for signs of bending, cracks, or upset, due to its critical nature and to 
the excessive stresses involved.  Check its straightness with a straightedge.  Check the pressure 
plate to which the stem is mounted for damage, deflection, or “coining”, using a straightedge and 
feeler gauges; remove and re-grind flat if damaged.  The seat must also be clean.  The stem 
retention ring or other stem mounting devices must be properly tightened. 

 Check the stem and fixed dummy block often for signs of build-up or excessive wear.  Any 
contact forces are transmitted back to the main cylinder and may result in premature wear of the 
main ram and bushings, and to the crosshead cylinders as well. 

Container Holder, Guides, and Guide Shoes.  Correct adjustment of the container is discussed in 
Chapter 2 - Press Alignment.  In addition to alignment, the guide ways must be checked for nicks 
or other damage to the surfaces, for example damage due to dropped tooling.  Another concern is 
brass pick-up on the ways, indicating that the brass shoes are not making proper contact due to 
misalignment.  Guide shoes should be removed and fully inspected periodically; replace or re-
machine as needed.  Many presses are fitted with wipers to remove dirt and foreign matter ahead of 
the shoes; check these wipers for proper alignment. 



Routine Inspection & Maintenance – Chapter 1 

1-6  

 Check the condition and tightness of container keys, lock rings, and/or retainer bolts, 
according to the design of the container holder.  Check for signs of relative movement between the 
container and holder, which may indicate inadequate keying and locking, or possible structural 
cracks or wear.  Re-machining or replacement may be necessary. 

 

Container Cylinders.  Check for excessive oil on the rods, which may indicate damage to packing 
or bushings.  Check clearances around the rods (also when repacking) which may indicate excess 
wear of bushings.  Check for nicks, bending, or other damage to rods, which may damage the 
packing.  Check for oil leaks at cylinder connections.  Check that the attachment nuts to the 
container are tight, including while under load.  Check for excess heat, which may indicate that oil is 
by-passing the piston head; hold the container against the die stack at full pressure and check for 
temperature rise. 

Butt Shear.  Correct adjustment of the butt shear with the tooling stack is discussed in Chapter 2 - 

Press Alignment.  Check for wear in the blade guides, which may allow the blade to deflect away 
from the die stack.  Check the condition of the blade; repair or replace as needed.  Nicks and other 
blade damage may indicate misalignment or poor condition of the tooling stack.  The die stack must 
be completely uniform in overall dimensions; variations in excess of 0.020” (0.5 mm) are likely to 
cause damage to the butt shear blade.  A plant standard for overall tooling dimensions should be 
maintained for each press and rigidly followed to avoid problems; non-standard tooling must be 
modified or discarded. 

 Different designs and devices are available to insure correct positioning of the die stack.  
Cylinder-operated lever clamps are often devised to hold the die stack securely during shearing.  
Also, the condition of the die carrier or die changer pocket must be inspected often to maintain keys 
and critical dimensions in the proper condition.  Build-up of aluminum or dirt will also increase the 
risk of misaligned tooling. 

 The butt shear hydraulic cylinder should be maintained as follows:  Check for excessive oil 
on the rod, which may indicate damage to packing or bushings.  Check for nicks, bending, or other 

 
 

Figure 1-3: Illustration of press components (Drawing courtesy of RL Best) 
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damage to the rod, which may damage packing.  Check for oil leaks at cylinder connections.  Check 
that the attachment nuts to the shear blade are tight.  Check for excess heat, which may indicate that 
oil is by-passing the piston head.  Check for excess play in blade guides (depending on the design), 
which may allow unusual strain on the cylinder. 

 Note that improved butt shear designs are available for retro-fit to older presses.  (See 
Chapter C - Modernizing Older Presses.)  One important feature is addition of a butt knocker, 
which in some cases may be retrofitted to an existing butt shear.  It is usually a cylinder-actuated 
device which sweeps the shear area after every stroke to insure separation of the butt. 

 Another way to insure good separation of sheared butts is the automatic application of high-
tech, high temperature lubricants/parting compounds to the shear blade.  A spray is actuated 
automatically, for example after each five billets (see page 1-7). 

Die Changer.  Correct adjustment of the die stack and die changer is discussed in Chapter 2 - 

Press Alignment.  Check all bolts and nuts for tightness.  Check brass guide ways for wear or 
scoring; look for looseness of the die slide or carrier in the guides.  Check critical die pocket 
dimensions for wear or build-up; restore correct dimensions as needed before problems arise with 
the butt shear or press alignment.  Check for signs of relative movement between tooling and holder 
during shearing, which may require tightening, or build-up and re-machining. 

 Check the die changer hydraulic cylinder(s) as follows:  Check for excessive oil on the rod, 
which may indicate damage to packing or bushings.  Check for nicks, bending, or other damage to 
the rod, which may damage packing.  Check for oil leaks at cylinder connections.  Check that the 
attachment nuts to the changer or carrier are tight.  Check for excess heat, which may indicate that 
oil is by-passing the piston head.  Check for excess play in die changer guides (depending on the 
design), which may allow unusual strain on the cylinder(s). 

 Check for wear or scoring where the die changer passes along the front platen.  If there is 
scoring due to contact, grind the area smooth and lubricate it; adjust or shim the slides or “gibs” to 
eliminate the contact. 

Billet Loader.  Work on the billet loader is one of the most dangerous areas of press maintenance.  
Special jigs or fixtures are needed to block up the loader in a safe working position and guard 
against its falling.  Lock-out/tag-out procedures are especially critical when working on the billet 
loader. 

 Before working on a hydraulically-actuated loader, make sure there is no "stored 
energy" or pressure remaining in the hydraulic system.  Serious injuries have occurred when 
loaders moved even though electric power was locked out. 

 Correct adjustment of the billet loader is indicated in Chapter 2 - Press Alignment.  Check 
the loader for loose bolts and nuts.  Check all pivot points for excessive play or wear; replace 
bushings as needed.  Check the loader for structural damage due to collisions.  (Many presses 
require stocking of a complete spare loader due to frequent collisions.) 

 Check the billet loader hydraulic cylinder(s) as follows:  Check for excessive oil on the rod, 
which may indicate damage to packing or bushings.  Check for nicks, bending, or other damage to 
the rod, which may damage packing.  Check for oil leaks at cylinder connections.  Check that the 
attachment nuts to the loader are tight.  Check for excess heat, which may indicate that oil is by-
passing the piston head.  Check for excess play in the pivots, which may allow unusual strain on the 
cylinder(s). 

 On presses which still use loose dummy blocks, condition of the blocks and their match-up 
with the ram stem should also be checked.  Alignment must be made with a dummy block in place. 
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Lubrication 
General Press Lubrication.  Lubrication of extrusion press components is generally not a 
complicated issue.  The presence of oil mist, hydraulic leaks, and sprayed tooling lubricants usually 
result in a general oil film over the entire press area.  It is more important to insure that dirt and 
foreign matter are not trapped on sensitive surfaces by this oil film. 

 The location and type of press lubrication points depends on the design of the press.  The 
press manufacturer’s original recommendations should be followed.  Where the original lubrication 
instructions have been lost over the years, past practices are usually a sufficient guide.  Routine 
lubrication maintenance consists of greasing all required locations, usually daily; and filling 
combination-type oiler units. 

 Recommended lubricants for container and die changer guides include: Chevron Delo 
Grease EP-2; Perma-Tech Cartridge Nova LC 130, part #107274; or Mystic JT6. 

High-Temperature Lubrication for Press Tooling.  Advancing technology has resulted in 
development of several new families of engineered lubricants and parting compounds which are 
useful for specific press applications: 

Billet/Dummy Block Lubricants.  The ends of pre-cut billets have traditionally been lubricated by 
painting with graphite dispersions, in a base of either kerosine or water.  However, increasing use of 
fixed dummy blocks, combined with hot-sheared billets, has forced the development of automatically 
applied alternatives, for example after the billet is sheared.  Presenty there are two popular methods 
of applying lubricant to the surface between billet and dummy block: 

• Automatic spraying of the dummy block with proprietary liquid parting compounds.  An 
automatic applicator descends from above by means of a pneumatic cylinder to align with 
the dummy block during the press dead cycle; then a rotating nozzle applies lubricant to the 
face and edges of the dummy block.  PLC or relay controls determine the frequency and 
duration of application, followed by a short air purge.  Typically, the block is sprayed every 5 
to 10 billets.  The fluids applied are specially developed to facilitate separation and prevent 
aluminum build-up, without accumulation of chemicals on the die or tooling.  Typical supplier:  
Amcol Corporation, Hazel Park, Michigan (Telephone 248-414-5700). 

• Flame application of carbon (soot) to the billet face.  The billet is paused at some point of 
its transfer to the press, while a carbon-rich flame applies a coating of “soot” to the billet end.  
An acetylene or Mapp-gas flame burns for 3 to 4 seconds with a visibly black smoke.  (The 
air pollution aspect is a problem in some plants.)  Typically, every billet is coated.  
Equipment source: most suppliers of hot billet shears offer an acetylene lubricator. 

• Electrostatic application of Boron Nitride (BN) powder to the billet and/or other tooling 
surfaces.  BN powders are expensive and must be applied carefully to minimize cost, so 
application is normally by electrostatic sprayer.  Controls may be set to permit spraying 
intermittently – for example, every 3 to 5 billets.  Typical suppliers: 

o Castool, Scarborough, Ontario, www.castool.com,  (Telephone 416.297.1521) 

o Amcol Corporation, Hazel Park, Michigan, www.amcolcorp.com (Telephone 
248.414.5700). 

Butt Shear Lubricants.  Fixed nozzles are positioned to apply lubricant to the edge of the shear 
blade, typically after every 5 to 10 billets.  Control is automatic by means of a PLC or relay logic.  
Proprietary fluids are used.  Typical supplier:  Amcol Corporation, Hazel Park, Michigan (Telephone 
248-414-5700). 

Sawing Coolants/Lubricants.  Aluminum sawing, whether hot sawing at the press, or cold sawing 
of profiles or billets, may be significantly improved by means of advanced coolant-lubricants 
developed at Boeing Aircraft Co. in years past.  The surface-wetting and heat removal properties of 
these fluids allow a significant reduction in the quantity of lubricant needed, so there is less fluid left 
on the product being sawed.  Blade life is dramatically improved, and the quality of cut is much 
better.  A special low-volume applicator is required due to the small quantity used.  Typical supplier: 
Amcol Corporation, Hazel Park, Michigan (Telephone 248-414-5700), www.amcolcorp.com. 
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Editor’s Note: One goal of the Extrusion Press Maintenance Manual is to share the valuable know-
how of experienced maintenance people.  On the following pages we present expert advice that 
comes from many years of hands-on service.  The first article concerns Daily Check Sheets and 
Preventive Maintenance procedures. While developed for a particular press, it is useful as a basis for 
developing your own check sheets.  It is provided by David Turnipseed, a second-generation 
Maintenance Manager with experience in different plants and different companies. 

 

The Voice of ExThe Voice of ExThe Voice of ExThe Voice of Experienceperienceperienceperience    

 

Extrusion Plant Preventive Maintenance (PM) 
Program Recommendations 

 

 The following is a guideline that can be applied to any equipment in the manufacturing 
facility but has some examples that focus on the extrusion plant in the sample check list supplied.  
The guideline is written with the emphasis on a production environment operating 24/7 with one 8 to 
12 hour shift per month of scheduled down time for the planned Preventative Maintenance (PM) 
tasks.  The Preventive Maintenance program is only one of the required components that are 
necessary to reach a high and sustainable Service Factor, but is one of the most important parts of a 
good maintenance program.  Every manufacturing facility has to tailor their own program around 
their own equipment, personnel, and operating environment.  This type of  PM program will build 
better employees and at the same time make the manufacturing facility more prosperous if 
implemented and maintained. 

The PM program consists of: 

I. Equipment Daily and Weekly Check Sheets 

II. Equipment Monthly PM Task List 

III. Equipment Semi-Annual PM Task List 

IV. Equipment Yearly Major Maintenance Task List 

 

I.  Maintenance Daily Check Sheets 

The Daily Check Sheets contain simple checks that are designed to have someone from the 
maintenance department do a brief scan around the equipment every day while the equipment is in 
operation.  Any assignments listed that are to be carried out while the equipment in operation should 
be identified and approval granted by a qualified member of management that the inspections can 
be done safely.  The inspection task should have the following objectives: 

a) Safety – In every manufacturing plant, safety has to be the number one concern at all times.  
No unsafe situation should lie in wait for days or weeks without being noticed.  It is most 
important that any unsafe item such as a missing guard, exposed wires, loose components, 
etc., be spotted during this inspection so the equipment can be shut down immediately and 
corrected. 

b) Problem Identification - One of the main objectives of the check sheets is to get the 
employees’ eyes and ears into the different areas to spot any difference in the process from 
day to day.  Once they are in the area, everyday minor or abnormal sights and sounds within 
the process equipment will become obvious.  The items that are listed on the daily check 
sheet should strategically be picked based on how critical the component or area is to the 
process and to make sure all areas that can be covered safely are observed.  Many existing 
and potential problems can be identified this way.  One of the key components in achieving a 
good Service Factor is spotting problems that could possibly turn into breakdowns. 

c) Problem Correction – During the daily inspection minor problems can be noticed and 
corrected if possible during planned times of the shift.  This can eliminate extended 
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downtime and prevent major problems.  Much of the total downtime for the month can be 
attributed to minor stoppages that at the time are not major problems but are major 
contributors to the total downtime. 

d) Problem Documentation – Some problems that are found during the daily inspection are 
not deemed practical to correct at the moment but should be documented to have a record 
of the need to be taken care of during the monthly PM; or if possible the Maintenance and 
Production departments may plan and schedule minor problems to be corrected during 
breaks, meeting times, etc.  The main objective is to make sure a problem, potential 
problem, or situation is documented for future correction. 

e) Experience – The daily check sheets should be done by different employees on different 
shifts for a time and then rotated for different processes.  This will expose more people to the 
various processes in the plant and reduce the dependence on any one individual.  Cross 
training should come naturally if these procedures are allowed. 

f) Communication – One of the main contributors to excessive downtime is communication, 
or the lack of it, between the maintenance technician and the production operators.  The 
machine operator is one of the most valuable tools the maintenance department has if used 
correctly. There must be respectful dialog between these two every day to achieve success. 

II.  Maintenance Weekly Check Sheets 

The Weekly Check Sheets contain items that are not as critical and would require excess time if they 
were on the Daily Check Sheets.  These items should be picked based on the severity of the 
outcome if there is a failure, available spare parts, time required for change out, etc., and even 
though they may not be checked every day, they do not need to go an entire month before they are 
checked.  All the same objectives as the daily checks should apply, only the frequency is changed. 

III.  Monthly Preventive Maintenance Task List 

The Monthly PM task list should be designed for duties that generally require planned down time. All 
tasks that are performed during this time should be items that have been identified as critical areas 
of the process, that require attention every month, and can not normally be accessed during 
production time.  These tasks should have the following types of work: 

a) Calibration – Calibration of sensors and instrumentation today is an important task.  
Measurement sensors should be checked for integrity and validated for accuracy.  The 
operation of system sensors is responsible for making the processes consistently reliable in 
all areas including safety, productivity, recovery, information and control parameters.  In this 
information age many decisions are made based on trust in the field devices.  It is very 
important to put together a good calibration PM program for the electrical technicians to 
carry out. 

b) Inspection – Identify critical areas of the equipment that require disassembly so that they 
can be done during the planned down time.  The objective is to identify and repair or replace 
components that could possibly fail before the next PM day.  Even if no work has to be 
performed, for many of these items their condition should be documented in order to build 
history so that more is learned about the life or patterns of how the components hold up. 

c) Alignment – All equipment failures have a root cause.  Many times this root cause is loose 
or misaligned parts.  All areas of a process that operate under critical alignment 
specifications should be identified and procedures written to carry out these task at this time.  
Attention that is given to this task will guarantee fewer failures.  Examples of areas of 
alignment are motor/pump combinations, moving assemblies, mounted switches and 
sensors, cameras, etc. 

d) Cleaning – There are always areas of a process that can drastically be influenced by 
contamination.  This can affect the operational life of components, accuracy, and 
consistency of components as well as the product being produced.  Contamination is 
another major contributor to downtime that is often ignored.  It is important that this be taken 
seriously in order to have a successful operation.  Most problems in a hydraulic system are 
due to contamination. 
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e) Component Replacement – Components that have been identified to be changed out due 
to hours of operation or indicators showing near or at replacement should be replaced during 
the PM.  Many companies use good tracking methods by computer or paper and can predict 
very well the life of a component.  At times it can be more economical to replace a 
component during this time rather than incur an unplanned breakdown. 

III.)  Semi-Annual PM Task List 

The Semi-Annual PM task should be items that are identified as jobs that require more time than has 
been allotted for the monthly PM.  Some tasks may include: 

a) Special Projects – Special planned enhancements that can boost productivity and recovery 
and show a good payback for the rest of the year. 

b) Component Replacement – Some processes may contain components that require 
replacement before the end of the year. 

IV.)  Yearly Major Maintenance Task 

The yearly major maintenance tasks should include items reserved for a low production time of the 
year and planned-for tasks that are not emergency items, but take more than one day to complete.  
However, there are some tasks that may take longer to complete but can’t be postponed until the 
yearly shut down as there would be a risk of more lost production time waiting for this date to arrive.  
Examples of yearly maintenance jobs: 

a) Wear and Tear Items – Certain wear and tear items can last a year or years before 
replacement.  These tasks need to be identified and planned for replacement at this time. 

b) Special Projects – New equipment, equipment upgrades and enhancements 

c) Equipment Rebuilds – Complete refurbishment for better reliability throughout the year. 

d) Major Component Replacement – For some components it is more economical to replace 
before a failure occurs, but it takes more than a day for replacement. 

Conclusion 

 As can be observed from the detailed information above, the Daily Check Sheets are 
probably the quickest to do but are the most important component of the entire PM process.  Most of 
the daily inspection is used for planning the PM duties and tasks.  Most of the small problems that 
are found and repaired during the daily inspections allow the allotted time of the monthly PM to be 
used for planned tasks.  Once the monthly PM begins and the equipment is shut down and turned 
over to the maintenance department there is no time for planning or for looking for potential problems 
that should and could have been accessed during the weekly inspections.  Every minute of the 
monthly PM time is valuable and must be productive.  All planning of tasks, employee work 
schedules, necessary parts, outside resources and services must be accounted for.  The objective is 
to check and certify that the processes are in favorable condition to operate for the next month with a 
very low probability of failure.  The PM time is usually shared between general repair items, special 
requests and any unplanned problems that are found while working.  As the program is developed 
more and more and the program is continually improved there should be more flexibility to shift 
blocks of time to different job duties.  If used correctly, most of the planned downtime can be made 
up through a decreased amount of unplanned downtime.  Other components that are required to 
produce a successful maintenance program are:  

• continuous training programs 

• good organization of critical spare parts 

• necessary tools for the job 

• good relationships with the rest of the work force, and 

• (an absolute) the support from upper management. 

 The following pages show a few examples of the first part of the program, the Maintenance 
Daily Check Sheet for the maintenance technician.  It is not focused on a craft (mechanical or 
electrical, for example) of the employee, but rather attention to a situation that could arise or a faulty 
part of the process that needs to be communicated and documented.  The example is a 
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Maintenance Daily Check Sheet  for a SMS Sutton 1800 UST direct extrusion press.  Even if your 
press is different, it will serve as a guide for you to write your own Maintenance Daily Check Sheet.  
The monthly, semi-annually and major maintenance task lists are more geared to the craft of the 
technician since they focus on actual job duties.  Each part of the program has to be tailored to fit the 
specific process and its own details.  It is also important for the operators to have ownership in the 
program for the entire program to be successful.  Check sheets and PM task should be created 
through a team effort that focuses on items in which the operators and maintenance technicians 
have a part. 

 Following the Maintenance Daily Check Sheet on page 1-15 is the Extrusion Press 
Troubleshooting Chart, which explains in more detail the points on the Check Sheet and what action 
should be taken to resolve each type of problem. 

 

Maintenance Daily Check Sheet Procedure 

1.0 Check butt shear for proper cutting. 

Check to make sure butt is being cut from die face and not torn away. If tearing occurs, refer 
to Sec. 1.0 on Extrusion Press Troubleshooting Chart. 

2.0 Check butt knocker for proper operation. 

The butt knocker rod is controlled by a pneumatic cylinder.  It should stroke and strike the 
butt at the end of the shear stroke cycle with high impact and knock the butt away from the butt 
shear blade.  If there is no butt stuck on the blade to absorb the high impact of the knocker rod collar, 
there is a spring to absorb the load.  If a loud clanging noise is heard, the air cylinder mount or 
coupling could be loose.  Refer to Sec. 1.0 on Extrusion Press Troubleshooting Chart for further 
information. 

3.0 Monitor the press cycle. 

During the press cycle, watch and listen for: 

Closing of Container – The container should advanced toward the die without shifting side to side, 
then slow down just before reaching the die and gently seal flat against the die ring.  If there is side 
motion of the container housing while opening or closing or if the container is slamming into the die, 
refer to Sec. 2.0 on the Extrusion Press Troubleshooting Chart. 

Loader Cycle – Once the container is closed, the loader should raise quickly, with a smooth motion 
and no bounce at the end of the stroke, to accept the billet from the overhead loader.  If loader 
motion is slow or jerky, refer to Sec. 3.0 on the Extrusion Press Troubleshooting Chart. 

Ram Advance – After the overhead loader has safely cleared from possible interference of the 
crosshead the main ram should advance rapidly, pushing the billet concentrically into the container 
without dragging on the side of the container opening.  If slow movement of the main ram occurs, 
refer to Sec. 4.0 on the Extrusion Press Troubleshooting Chart. 

Dummy Block Entry - Dummy block should enter the container without any top, bottom or side load 
on the block.  If the ram stem is forced down while entering the container or build up of aluminum on 
the side of the opening of the container occurs refer to Sec. 4.0 on the Extrusion Press 
Troubleshooting Chart. 

Upset/Burp Cycle – Main ram should press billet against die, not slam it, into the die, and build 
pressure.  Once the preset upset pressure is reached, the container should open enough to break 
the seal between the container and die, pushing the ram back with the upset billet and releasing the 
trapped air in the front of the container.  After opening, the container should close and re-seal without 
slamming.  If the container does not open enough to break the seal, the air will not escape and 
blisters will result.  If the container opens more than needed, lost time will result.  Refer to Sec. 2.0 
on the Extrusion Press Troubleshooting Chart. 

Extrusion – The press should build required pressure and reach a steady set point speed.  The 
extrusion press is designed for the system to develop a maximum of 3000 PSI of hydraulic pressure 
on the main ram and side cylinders if required by the load and to reach approximately 44 inches per 
minute of ram speed.  If maximum pressure of 3000 PSI can not be achieved with the main ram 
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dead headed, refer to the troubleshooting chart.  If the maximum ram speed can not be reached or 
the speed is fluctuating refer to Sec. 5.0 on the Extrusion Press Troubleshooting Chart. 

End of Extrusion – Upon reaching a desired runout length or butt set point the press should stop 
extruding and decompress the pressure without excessive hydraulic shock.  If extreme shock is 
heard or if there is a loud noise around the pre-fill valve, Refer to Sec. 5.0 on the Extrusion Press 
Troubleshooting Chart. 

Container Strip – After decompression the container should start to open while the dummy block is 
held against the remaining length of billet to strip the expanded butt away from the container wall.  
There must be a delay between the container open and the ram return to prevent pulling the butt 
away from the die face.  If both the main ram and the container move at exactly the same time, Refer 
to Sec. 4.0 on the Extrusion Press Troubleshooting Chart. 

Container Open/Ram Return – After the container has reached the butt stripped position the ram 
will return at the same time the container opens.  The dummy block should pass through the 
container without excessive resistance due to buildup inside the container or around the land of the 
dummy block.  The ram should return to the home position and gently coast to a stop avoiding 
contact between the back of the main ram cylinder and the housing.  If slamming occurs, Refer to 
Sec. 4.0 on the Extrusion Press Troubleshooting Chart. 

Butt Shear Cycle – Once the dummy block and container are behind the safe-for-shearing point, the 
butt shear should advance downward shearing the butt clean from the die face until reaching the end 
of the stroke of the shear cylinder.  At the end of shear travel, the pneumatic controlled butt knocker 
should advance and strike the butt at high impact, dislodging the remaining discard section.  As the 
butt knocker is in operation, the butt shear cylinder should retract and travel to the top (home) 
position.  There should be a small delay when the shear cylinder reaches the down position before 
returning to prevent hydraulic shock in the system.  Once the shear is in the top (retracted) position, 
the pressure from the main pump(s) is removed and the shear is held in the up position by pilot 
pressure, preventing the shear assembly from drifting down if there is leakage (internal or external) 
on the rod side of the cylinder.  If there are problems with the operation, Refer to Sec. 1.0 on the 
Extrusion Press Troubleshooting Chart. 

4.0 Grease container, press ways, and die slide. 

The container housing and crosshead are designed to slide on precision flat hardened steel 
ways.  The load is supported on bronze wear plates (shoes) machined with grease ports to distribute 
the lubricant across the width of the sliding surface.  The grease has to be pumped in manually 
through grease fittings.  If the grease is properly flowing through the channels, the load will be sliding 
on a thin layer of lubricant.  The wipers mounted on each end of the crosshead and container shoes 
push away any debris on the ways to prevent contamination from entering in between the bronze 
and hardened steel causing premature wear of the steel ways.  The grease should be applied every 
day. 

The die carriers and the drive assembly slide on a bronze wear plate that should be 
lubricated every day.  There are grease lines mounted on the front of the platen to safely apply the 
grease to the sliding surface.  Always use recommended lubricants.  

5.0 Check hydraulic oil temperature and record. 

 Check the press hydraulic oil reservoir temperature and record the reading on the check 
sheet.  The hydraulic oil recommended for this system by the original equipment manufacturer is an 
ISO 68 and should be run at 100 degrees F to obtain a viscosity of 300 SUS for proper lubrication 
and system efficiency.  If the oil is at a lower temperature the viscosity (resistance to flow) is 
increased and the system has to work harder and a noticeable slow down of movements of the 
cylinders and shifting of the valves will result.  If the oil becomes too hot, the pumps, seals and the oil 
itself have limits and damage can result.  If the temperature reaches 120 degrees F, start looking for 
possible heat generation within the hydraulic system or a decrease of heat removal from the cooling 
source and refer to Sec. 9.0 on the Extrusion Press Troubleshooting Chart. 

6.0 Check dummy block/ram stem for excessive aluminum build up. 

 The fixed dummy block is designed to run in the center of the container while expanding very 
close to the container wall, preventing blow-by or back extruding.  Depending on the design of the 
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fixed block, there should be a certain amount of float to compensate for slight variances in 
misalignment.  If there is too much misalignment between the container and fixed dummy block, 
excessive build up around the land of the block and on the ram stem can occur.  The result can be 
damage to the dummy block as well as the inner wall of the container liner.  The fixed dummy block 
is generally designed with outside diameter of .035 to .045 in. below the container bore.  The 
geometry is such that the block should expand under pressure to very close to the container wall ID 
while extruding and collapse back to the designed OD after the pressure has relieved, allowing the 
dummy block to return through the container without resistance.  Over time, the steel of the dummy 
block can become fatigued and will not collapse, thereby dragging the aluminum that is stuck on the 
container walls back through.  If there is excessive resistance on the main ram while returning 
through the container, Refer to Sec. 4.0 on the Extrusion Press Troubleshooting Chart. 

7.0 Check for any high volume or high pressure oil leaks.  

Check hydraulic cylinders (main ram, pull back, butt shear, die slide and shifting) for leaking 
oil at the rod gland packing.  There should only be a minimum layer of oil on the cylinder rod for 
proper lubrication.  Check oil lines for leaks at fittings and check for small cracks in the oil pipes.  If 
leaks are found that are excessive, shut down the press as soon as possible and lockout and repair.  
For small leaks, tag the device that is leaking and prepare to fix it at the next scheduled PM. 

8.0 Check container for proper sealing operation. 

 The main pumps will drive the container closed.  Upon engaging the die ring, the container 
closed limit switch should make, allowing the sealing pump to pressurize the container shifting 
cylinders on the rod end and form a tight seal between the container liner face and the die ring.  If 
there is heavy build up on the face of the liner or the die, this may result in an insufficient seal and 
extrusion between the liner and die can occur (flare outs).  This area can see the same pressures as 
the die face, and the aluminum will flow through the path of least resistance.  If excessive build up 
occurs in one area (mainly on the bottom due to bad shearing) the container will tilt forward while 
sealing.  This press is designed with the loader attached to the container, so if the container tilts, the 
loader will raise substantially causing interference between the loader cradle and the fixed dummy 
block.  The container shifting cylinders will attempt to pull the container flat against the die ring.  If the 
housing is low in the back (ram side) the container will tilt forward raising the loader also.  If the 
container is high in the back, the result will be excessive pressure on the die carrier guides resulting 
in damage to the wear plates.  When the container is sealing, look for any of these conditions.  Refer 
to Sec. 2.0 on the Extrusion Press Troubleshooting Chart. 

9.0 Check die hold down bar for damage or looseness. 

 The hold down bar is designed to prevent the die stack tooling from being lifted during the 
operation of the butt shear cycle on the up or return stroke.  Check to make sure there is not enough 
clearance between the top of the tooling and the die hold down bar for the tooling to be picked up 
more than the height of the key stock at the bottom of the tooling.  Also, make sure there is enough 
clearance for the top of the tooling to traverse back and forth on the die slide without interfering with 
the hold down bar.  If the die appears to be lifting or rotating, Refer to Sec. 1.0 on the Extrusion 
Press Troubleshooting Chart. 

10.0 Check with the operator for any equipment or operational problems. 

The operator is around the equipment most of the shift and can easily recognize conditions 
as they change.  Ask the operator if he or she has noticed anything unusual or abnormal with the 
operation of the press.  Make notes in the comment section so a work request can be generated. 

11.0  Check the burp cycle for correct operation. 

The function of the burp cycle is to expel any entrapped air between the front section of the 
container and the die, preventing air bubbles and blisters forming in the extrusion.  In order for the air 
to be pushed toward the front of the container, the cycle has to go through the upset cycle deforming 
the billet to the container wall, pushing the air to the front and back.  Most of the air that is pushed to 
the back of the container (ram side) while the billet and dummy block are entering the container 
should escape around the dummy block unless there is excessive build up on the container liner or 
dummy block land or both.  The operation of this cycle should be: 

1. container closes and builds sealing pressure 
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2. main ram pushes the billet against die face building enough pressure to conform the billet to 
the inside diameter of the container but not enough to extrude through the die 

3. decompress the main ram pressure 

4. open the container, pushing the main ram back with the upset billet just enough to release 
the entrapped air 

5. close the container and build sealing pressure 

This all should be done quickly with minimum shock.  If the sequence is not correct, Refer to Sec. 2.0 
on the Extrusion Press Troubleshooting Chart. 

12.0  Check crosshead and container jamb nuts for looseness. 

The container housing has adjustment studs for elevation alignment.  Above the main top 
nuts, there are thinner nuts used to prevent the adjustment from changing during operation.  Make 
sure these nuts are tight at all times.  The same applies to the crosshead adjustment studs. 

13.0  Check loader for proper operation and alignment. 

The loader raises to receive the billet from the overhead loader and lowers to clear itself 
from the crosshead after the billet has safely traveled far enough into the container.  The movements 
should be fast and smooth without shock or bounce.  The loader contains a cradle for guiding the 
billet into the container.  The cradle bars should be adjusted so that the back (ram side) is low 
enough to prevent interference of the float of the dummy block and high enough on the container 
side to prevent the billet from dragging on the edge of the container. 

Top Of Press 

14.0  Check motors and pumps for any unusual sounds or vibration while running. 

 Become familiar  with how the pumps and motors sound and react under normal, non-
malfunctioning operation.  Check every day for any abnormal sounds, vibration or heat build up from 
the press pumps and motors.  Note in the comments section anything that is found so further 
investigation can be done. 

15.0  Check press pit for hydraulic oil. 

 Any hydraulic oil in the press pit should be pumped out.  The hydraulic oil is combustible and 
can produce enough heat if ignited to destroy the press and endanger others. 

16.0  Check and record the auxiliary pressure. 

 Pump PF3 is used to supply hydraulic oil to move the rotostation die changer, loader and 
surge (pre-fill) valve and to assist the main ram travel during ram return.  Check the setting of the 
relief valve by observing the pressure reading on the gauge.  The pressure should be at least 500 
but no more than 600 PSI.  Record the pressure on the check sheet to verify proper system 
pressures.  If the pressure is low, Refer to Sec. 8.0 on the Extrusion Press Troubleshooting Chart. 

17.0  Check and record the pilot pressure. 

 Pump PF3A is used to supply hydraulic oil to shift the larger spool valves in the system and 
to provide pressure to hold up the butt shear.  Check the setting of the relief valve by observing the 
pressure reading on the gauge when this pump is loaded.  The pressure should be at least 150 PSI.  
Record the pressure on the check sheet to verify proper system pressures.  If the pressure is low, 
Refer to Sec. 8.0 on the Extrusion Press Troubleshooting Chart. 

18.0  Check and record the servo pressure. 

Pump PF4A is used for one function only.  It is used to supply hydraulic oil to the main pump servo 
valves for controlling the stroke of  the main pumps.  Check the setting of the relief valve by 
observing the pressure reading on the gauge.  The pressure should be at least 500 PSI and no more 
than 600 PSI.  Record the pressure setting on the check sheet to verify proper system pressures.  If 
the pressure is low or if the pressure has extreme swings when the pumps stroke, Refer to Sec. 8.0 
on the Extrusion Press Troubleshooting Chart. 

by David Turnipseed       Date 03/29/04,  Ver. 1.3  
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Extrusion Press Troubleshooting Chart 

Item Problem Causes Possible Solutions 

1.0 Butt Shear Operation     

1.1 Improper butt shear cut Excessive clearance 
between blade and die 
face 

Check clearance with a feeler gauge 
between blade and hot tool stack. The 
clearance should be between .005” and 
.010” (0.12 - 2.5 mm) 

   Loose bolts Check to make sure the butt shear 
blade bolts are tight. 

   Excess clearance 
between tool stack and 
die slide/carrier saddle 
ring. 

Check for wear on retaining ring. Repair 
or replace. 

     Check for excessive wear on die slide 
wear plates. Replace. 

     Check for worn or damaged cutting 
surface on blade. Replace if necessary. 

        
1.2 Butt shear blade 

reaches the butt and 
will not cut 

No assistance from 
main pumps. 

Check to make sure all pumps are on 
and operating. See note 1 

   The hydraulic circuit of 
the shear is still in the 
regeneration cycle 

Check the limit switch for changing the 
circuit from speed to power for improper 
position. See Note 2. 

      
1.3 Butt shear slams on 

return stroke 
Return slow limit switch 
not working properly 

Adjust limit switch position 

   Cylinder cushion not 
working 

Adjust cylinder dampening screw. 

      
1.4 Butt sticks to blade and 

won't release. 
Lubrication equipment 
not working properly. 

Check to make sure system is spraying 
lubricant on the blade. See Note 3. 

   Excessive aluminum 
build up on blade 

Change blade 

   Butt knocker not 
functioning properly 

Check air pressure setting 

     Check mounting bolts for looseness 
        

1.5 Butt knocker not 
extending 

Incorrect air pressure Check air pressure at directional valve 
for proper pressure 

   Loose mounting bolts, 
binding 

Tighten, Replace if missing 

   Bent knocker rod Replace knocker rod. 
        

1.6 Butt shear lifts tool 
stack on return stroke. 

Missing or damaged 
hold down bar 

Repair or replace. See Note 6 

      
1.7 The die or tool stack 

rotates during the shear 
cycle 

Missing key stock Replace key stock 
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Extrusion Press Troubleshooting Chart 

2.0 Container Operation     
2.1 Container will not close Interference from butt 

shear 
Check to make sure butt shear is in the 
full up position and the butt shear up 
limit switch is made. 

    Tilt Switch Check to make sure the container is not 
tilting off the tilt limit switch 

      
2.2 Container will not open Program out of 

sequence 
Check program logic 

    At the end of the 
extrusion cycle with a 
weld pocket or feeder 
plate die the butt length 
may be to long 

Continue extrusion if possible to the 
maximum butt length. 

      
2.3 Container moves side 

to side when closing or 
opening 

Excessive clearance at 
the container guide 

Adjust or replace rear plates if there is 
no adjustment 

    Excessive clearance 
between shifting 
cylinder nuts and 
container housing. 

Adjust to proper clearance and correct 
distance between front nuts and platen. 

      
2.4 Container slams 

against die face 
Pump controls need 
calibration  

Check calibration between pump stroke 
command and pump stroke position 
feedback position 

   Oil temperature high 
(Low oil viscosity) 

Check cooling system for proper 
operation 

     Check for excessive heat build up in 
hydraulic system 

    Limit switch or position 
sensor problem 

Check slow down limit switch for 
looseness of switch or switch arm or 
position transducer. 

      
2.5 Burp cycle does not 

initiate. 
Burp cycle selector in 
off position 

Switch selector switch to on position 

    Burp cycle selected for 
no burp on first billet 

This is OK unless die is already filled 
with aluminum 

      
2.6 Burp cycle initiate but 

container never actually 
moves. 

Shifting cylinder nuts 
have too much 
clearance  

Set shifting cylinder nuts to proper 
clearance between face of nut and 
container housing. See Container 
Alignment Procedure. 

   Container limit switch 
position 

Adjust container closed limit switch for 
proper operation. 

   Container open timer Timer open preset value may be too low 
for oil temperature. 

    Oil temperature low Check cooling system for proper 
operation 
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Extrusion Press Troubleshooting Chart 

2.7 Container opens too 
much during the burp 
cycle 

Oil temperature high Check cooling system for proper 
operation 

    Container open timer Timer open preset value may be too 
high for oil temperature. 

      
2.8 During strip cycle the 

container and ram 
move at the same time. 

Ram return limit switch 
making prematurely 

Adjust limit switch arm. 

    Ram position 
transducer feedback 
signal incorrect 

Calibrate sensor. 

      
2.9 The container closes 

but does have any 
sealing pressure 

Container closed limit 
switch is not made 

Check container closed limit switch for 
proper operation 

   Sealing pump not in 
operation 

Check and make sure sealing pump is 
turned on and operating 

   Sealing pump load 
valve not functioning 

Check to make sure the load valve is 
energized and has shifted 

    Container tilted Check for build up on the bottom of the 
face of the container liner or the die or 
die ring. 

      
2.10 The container closes 

and builds pressure but 
is low 

Pressure does not build 
at pump with pump 
running 

Check pump compensator for proper 
adjustment - See pump operation 
manual for adjustment procedure. 

     Check backup relief valve for internal 
leakage 

      Check shifting cylinders for leakage 
around cylinder pistons. See Note 4: 

      
2.11 The container builds 

pressure after the ram 
builds pressure 

Container closed limit 
switch out of 
adjustment 

Change the position at which the switch 
makes during container close. See 
Note 5 

    System leakage is high Find source of leakage and repair 
    

3.0 Billet Loader 
Operation  

    

3.1 Billet loader will not 
raise 

Ram position not in 
safe position 

Check main ram position for clear; 
Check ram position for proper feed back 
position 

    Hydraulic control 
problem 

Check hydraulic auxiliary circuit for 
proper pressure 

      
3.1 Billet loader has jerky 

motion 
Hydraulic control 
problem 

Check hydraulic circuit feeding loader 
for proper pressure 

    Mechanical looseness Check loader pivot bushing for 
excessive wear. Replace if necessary. 
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Extrusion Press Troubleshooting Chart 

4.0 Main Ram     
4.1 Main ram will not 

advance 
Die slide position Check to make sure the die slide in a 

safe position and the slide position limit 
switch is made. 

   Loader check position Check to make sure loader is in the 
clear position 

    Butt shear position Make sure the butt shear is in the up 
position and the limit switch is made 

      
4.2 Main ram will not return Press sequence is out 

of cycle 
Check program logic 

      
4.3 Main Ram Advancing 

Slow 
Pump controls need 
calibration  

Check calibration between pump stroke 
command and pump stroke position 
feedback position 

    Press cycle out of 
sequence 

Check program for improper conditions. 

      
4.4 Stem/Dummy Block 

Loading 
Container/Ram 
Alignment 

Check container to stem alignment. 
Adjust if necessary. 

    Build up on entrance of 
container 

Check for proper loader to 
stem/container alignment. 

      
4.5 Main Ram slamming on 

return stroke 
Ram position 
transducer feedback 
signal incorrect 

Calibrate sensor. 

    Incorrect pump stroke 
command 

Check program for correct preset value 

      
4.6 Main Ram retracts at 

the same time the 
container opens after 
the end of the extrusion 
cycle. 

Butt stripped limit 
switch making 
prematurely 

Adjust limit switch position 

    Container open speed 
higher than ram return 
speed 

Look for cause of slow ram return 
speed. 

    
5.0 Extrusion Cycle     
5.1 Maximum extrusion 

pressure cannot be 
reached 

System Relief valve by 
passing 

Check for contamination in valve or 
worn parts. Clean or replace if needed 

      Check for proper pressure setting. 
Adjust if necessary. 

      
5.2 Maximum extrusion 

pressure is too high 
Pressure transducer 
incorrect 

Check calibration of system electronic 
pressure transducer. See System 
Pressure Transducer Calibration. 

    Pump controls need 
calibration  

Check calibration between pump stroke 
command and pump stroke position 
feedback position 
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Extrusion Press Troubleshooting Chart 

5.3 Preset extrusion speed 
cannot be reached 

Pump controls need 
calibration  

Check calibration between pump stroke 
command and pump stroke position 
feedback position 

   Pumps not on line Check to make sure all pumps are on 
and operating. 

    Internal leakage Check hydraulic system for heat build 
up to find leakage. 

      
5.4 Runaway extrusion 

speed 
Ram position 
transducer feedback 
incorrect 

Check for missing speed signal 

    Loss of main pump 
stroke feed back signal 

Check for feedback signal at pump 
amplifier card. 

      
5.5 Shock at the end of the 

extrusion cycle 
Decompression of 
cylinder too fast 

If adjustable, decrease. If not, ramp 
speed down at the end of the extrusion 
cycle 

      
5.6 Loud noise around the 

pre-fill valve at the end 
of the extrusion cycle 

Prefill valve opening too 
soon 

Check program for correct pressure 
setting. 

     Check pressure transducer for proper 
feedback. 

      Check dampening controls on prefill 
valve for proper adjustment. 

      
5.7 Ram slams into billet 

when loading 
Ram position 
transducer feedback 
incorrect 

Check calibration of ram position 
transducer. See Ram Position 
Calibration Procedure. 

      
5.8 Incorrect butt size Ram position 

transducer feedback 
incorrect 

Check calibration of ram position 
transducer. See Ram Position 
Calibration Procedure. 

    
6.0 Die Change Cycle     
6.1 Auto die change cycle 

will not initiate 
 Process out of 
sequence 

 Check conditions in program 

    
6.2 Die slide will not move Main ram not at safe 

position 
Check the position of main ram: Check 
position feedback 

    
7.0 Pumps and Motors     
7.1 Main pump motors will 

not start 
Auxiliary pump off Start auxiliary pump first 

   E-Stop engaged Locate the E-Stop that has the control 
circuit locked out 

   Motor overload tripped Investigate overload cause and reset 
   Main line fuses blown Investigate over-current cause then 

replace fuses 
    Disconnect off Investigate reason (Should be locked 

out if off) 
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Extrusion Press Troubleshooting Chart 

7.2 Main pumps will not 
stroke 

No servo pressure from 
auxiliary pump 

Check pressure at servo relief valve 

   No command from 
amplifier card to servo 
valve 

See Servo System Troubleshooting 
Chart 

    Flow control valves to 
servo valves shut off 

Turn on 

      

7.3 Main pumps stroke 
slow 

Oil flow restriction to 
servo system 

See Servo System Troubleshooting 
Chart 

    Low servo pressure 
from auxiliary pump 
(PF4A) 

Check pressure at servo relief valve  

      
7.4 Pumps stroke but can 

not build pressure 
Load valve Z1 or Z2 not 
energized 

Check program for conditions. 

    
8.0 Auxiliary Pumps     
8.1 Motor for auxiliary 

pump will not start 
E-Stop engaged Locate the E-Stop that has the control 

circuit locked out 
   Hydraulic oil high 

temperature switch 
made 

Refer to Section 9.0 

   Motor overload tripped Investigate overload cause and reset 
   Main line fuses blown Investigate over-current cause then 

replace fuses 
    Disconnect off Investigate reason (Should be locked 

out if off) 
      

8.2 Auxiliary pump (PF4A) 
has low pressure 

Relief valve bypassing Clean or repair valve 

    No volume from pump  Repair or replace pump 
      

8.3 Auxiliary pump (PF3A) 
has low pressure 

Relief valve bypassing Clean or repair valve 

    No volume from pump  Repair or replace pump 
      

8.4 Auxiliary pump (PF3) 
has low pressure 

Relief valve bypassing Clean or repair valve 

    No volume from pump  Repair or replace pump 
    

9.0 Cooling System     
9.1 System hydraulic oil 

temperature is high 
No oil flow through heat 
exchanger  

Pump (PF4) is bad. Repair or replace 

     Heat exchanger is clogged on water 
side. Check pressure in and pressure 
out. Clean if high differential pressure. 

   No water flow through 
heat exchanger 

Check water pump from cooling tower. 

     Heat exchanger is clogged on water 
side. Check pressure in and pressure 
out. Clean if high differential pressure 
and temperature. 

    Excess heat generation 
in hydraulic system 

Check for areas of high heat around 
cylinder pistons and relief valves. 

    
  



Routine Inspection & Maintenance – Chapter 1 

1-23 

Extrusion Press Troubleshooting Chart 

9.1 System hydraulic oil 
temperature is low 
while running 

Too much water flow Decrease water flow 

    

 
Note 1: 
If the butt shear cylinder is enabled to stroke down and no oil is supplied, the shear will drop to the 
butt from its own weight and no cutting will occur. 
Note 2: 
If the shear blade comes in contact with the butt before the limit switch makes, no power is available 
for cutting. 
Note 3: 
Never allow the butt shear lubricant to be applied when the container is open to avoid contamination 
on the face of the die and inside the container liner. 
Note 4: 
Check temperature of the cap end of the cylinder vs. the rod end. If oil is blowing by the piston rings 
at high pressure there will be considerable heat difference. 
Note 5: 
The sealing pump is a very low volume high pressure pump. The container must be closed with the 
main pumps so that the cylinders are completely filled with oil so the sealing pump only has to 
pressurize the cylinders. 
Note 6: 
The hold down bar should not allow the tool stack to be lifted up more than the height of the key that 
extends into the bottom key way of the tool stack. 
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The next pages offer some helpful recommendations by Mr. P. Gopalan Kutty an experienced 
Extrusion Maintenance Manager.  We hope readers will find these recommendations useful and will 
likewise share their ideas and experiences for future editions of this Manual. 

 

The Voice of ExperienceThe Voice of ExperienceThe Voice of ExperienceThe Voice of Experience    

Extrusion Press - Maintenance – A Predictive Approach 

 The Aluminum Extrusion industry is a fast developing industry, and as a result the whole 
approach to performance and maintenance is also changing.  Gone are the days when one was 
happy with a 15 second dead cycle and a 5% breakdown percentage.  The modern presses with 
high-tech hydraulics and PLC’s are capable of running at 10 seconds and consume a lot less energy 
and manpower.  Front loading, short stroke, longer billet lengths, double pullers and longer run out 
all contribute to better performance and recovery. 

 In earlier days, a good lubrication program, periodic alignment checks, routine check on 
wear parts and a good filtration system were the foundations for a maintenance program.  With the 
development of PLC controls the first big steps in improvement started.  Not only did they eliminate 
all moving electrical contacts but they also shaved seconds from each operation.  This resulted in the 
need for better hydraulic components with proportional controls that complemented the PLC controls.  
With the advent of modern hydraulics the need to keep the oil cleaner became all too obvious. 

 So, extrusion as a whole evolved to a faster, more efficient and high tech operation. 

 The advent of management information systems interfacing with PLCs opened a whole new 
world in performance analysis. 

 Where does that leave a maintenance man, and what options does he have available to do 
his job better?  What are the new tools available for a maintenance professional? 

Tools of the past: 

• Manual Lubrication  

• Torque and tightness checks 

• Ultrasonic inspections 

• Alignment checks using optical telescope (transit) 

• Weld inspections 

• Hydraulic oil analysis 
 

Tools of the present: 

• Sensors to monitor wear, alignment, central lubrication 

• Encoders to measure accuracy 

• Wear indicators and position indicators 

• Infrared thermography 

• Particle counting and oil purity 
 

Tools of the future: 

• Wireless monitoring 

• Internet 
 

 The terms predictive and proactive are used widely, but how does one find modern tools to 
justify them?  Prediction is always based on past performance and parameters against the present 
ones to indicate future trends. 

Structural Inspections.  Even though hydraulics and controls and certain innovative designs have 
changed over the years, the heart of an extrusion press is still a sound mechanical structure.  A time-
based program for crack detection by magnetic particle or ultrasonic flaw detection techniques on 
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major welds will give you an indication of the soundness of press components such as columns, 
main cylinder and container. 

Alignment Checks.  A periodic alignment check on the press will give an indication of wear and tear 
on bushings and other moving parts. 

Information Technology.  This is one area where things have changed by leaps and bounds.  
Management information systems and Process information systems play an integral part in 
maintenance. 

 Management information systems are real time material tracking and data acquisition 
systems which help the maintenance staff not only to monitor but to take critical decisions on 
important equipment. 

 Process information and control systems are man-machine interfaces that enable the 
operator to monitor and optimize the production and to quickly find the error causes or malfunctions.  
They show: 

• current machine data 

• status data for the maintenance staff 

• display and print out of alarm and alarm history 

• diagnostic text 

• all production input data 

 Both of these applications track material and machine status in real time in a Windows-
based application. 

 Every aspect of the Extrusion operation from Die to Dummy block dimensions is recorded 
and tracked. 

 From the Maintenance point of view, graphic representation of the performance of pumps, 
container heating, oil temperature and pressure will give a true indication of the performance of the 
components. 

 Predictive maintenance depends a lot on performance characteristics and the features help 
in planning a maintenance activity on major press controls.  Since it is linked to the PLC the alarm 
history analysis and status history are two other tools for Maintenance personnel. 

 

Using Wireless Technology and the Internet for Predictive Maintenance 

Wireless, Point-to-Point Communication System.  The wireless ethernet link between a 
monitoring system on an industrial machine can transmit data to an end user PC.  This opens a 
whole world of Maintenance possibilities.  For example, vibration sensors send the data and the end 
user can monitor them as real time gauges. 

 The success of the future Maintenance Department will depend a lot on their ability to use 
these modern tools for monitoring and thus predicting failures well in advance. 

 

The Millennium Maintenance Team 

 A good Maintenance team will need employees with a balanced blend of electrical, 
electronic, PLC and computer skills. 

 The Engineer or Maintenance technician can not only monitor but even predict failure of the 
system or components from a far away place. 

 So the approach to maintenance is changing and to survive one needs to be able to process 
the huge data available and to make use of them as a tool for maintenance.  
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EXTRUSION PRESSES:  Routine Inspection of Major Structural Components 

1. Columns 

a. It is recommended that approximately once each month a check be made to ensure that all 
column nuts are tight and there is no undue movement when under load.  It is most 
important that the nuts have uniform tightness; otherwise the columns will carry uneven 
loads. 

b. It is recommended that the columns be ultrasonically examined at least once every 12 
months to ensure that no internal defects exist.  Particular attention should be paid to the 
area adjacent to the threaded portion at the ends of the column.  It is advisable that the 
ultrasonic examination be made when the columns are loaded, since this gives greater 
accuracy in recording slight changes in condition. 

c. Should the ultrasonic examination reveal any defective areas, the frequency of examination 
should be increased so that changes in the defect size can be monitored.  It is 
recommended whenever a defect is located in a column, immediate consideration should be 
given to replacement.  Decision on the speed of replacement must take account of the size 
and growth rate of the defect. 

2. Welded Main Cylinder 

a. It is recommended at intervals not exceeding 6 months, an inspection be made of the welds 
connecting the housing plates to the cylinder body.  Particular attention should be given to 
the circumferential weld nearest to the filling valve end. 

b. The recommended method of testing is the magnetic particle technique: many press users 
prefer the dye-penetrant method, but this is sometimes difficult to interpret if the weld profile 
is not smooth. 

c. The type of defect most likely to be exposed by a routine inspection procedure is a small 
crack in the main cylinder body immediately adjacent to the weld metal.  If such a defect is 
discovered, this should be ground out immediately to remove all of the defect.  It is strongly 
recommended the repair procedure be discussed and agreed with the press manufacturer if 
possible. 

Optical Alignment of the Extrusion Press 

 Prior to optical alignment it is advisable, in order to ensure a speedy return to normal 
production, to carry out the following procedure: 

1. Switch off container heating immediately after production ceases, leaving the container in 
the fully unsealed position.  If possible arrange an “air blast” to expedite cooling. 

2. Remove all tooling, i.e., dies, bolsters, pressure pads and thrust rod. 

3. If the container is to be aligned, ensure that the bore is clean and smooth ready to accept a 
target holder. 

4. Remove the lead-out table, quenching system or other handling equipment directly attached 
to the front platen housing to enable the telescope to be mounted on the outside of the 
platen. 

5. Fix the illuminated target holder and target on the stem holder with an adaptor. 

6. Take an initial reading at the start of the travel. 

7. Take the second reading at the middle of the travel. 

8. Take the final reading at the end of the travel. 

9. Note the deviation or dip of the main ram. 

10. Allowed dip is 0.012” or 1/1000 of a foot for a 16 MN 3-column press. 
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Preventive Maintenance - a More Sophisticated Look 

 To set a PM program in motion is not very difficult but to measure its effectiveness is more 
difficult.  If after doing routine preventive maintenance you still notice that your press is delivering a 
low performance in terms of dead cycle, then it is time to sit up and do something about it.  The term 
optimization is significant and should be incorporated in the press maintenance schedule on a 
periodic time interval of at least once in two years or depending on the performance. 

Performance Optimization.  PO is of high value and is based on the periodical measurement of 
press dead cycle. The first indication of a press having a problem is usually obtained from the dead 
cycle time.  If one notices a significant change then the problem comes in finding out from where 
exactly this is originating, and this can be done by a dead cycle analysis. 

 A list press of operations depending on the particular design of press is tabulated the time 
for each operation is noted. 

TIME 

Pressure release               

Stripping               

Ram backward               

Container open               

Shear Down               

Shear up               

Container close               

Loader in               

Ram forward               

Loader out               

Upsetting               

Release                 

Container open               

Container close               

Upset                 

 

 After recording these times for each part of the cycle, dead time is calculated ‘as is’ and 
compared to the value when the press was first commissioned.  If there is a set of readings available 
from the time of the last tuning or commissioning then the task of the PM tuning team becomes 
easier. 

 Once the operation cycle is plotted an idea of time lapse can be identified.  A hydraulic 
circuit diagram with a valve sequence chart is used for further identifying the defect.  The circuit 
usually indicates the speed and the cross sectional area of each cylinder.  Before going for 
sophisticated measuring instruments one can use the ram movement indicator on the press by 
following this simple procedure: 

• Select a particular operation, for example Main ram backward. 

• From the valve sequence chart identify the particular valve or valves in operation. 

• Identify the pump and the percentage of delivery for this operation. 

• Note down the designed pump delivery.  

• Mark out a particular length on the ram movement. 

• Time the distance marked. 
Example:  Let us say for a main ram backward operation you need pump number one delivering one 
hundred percent to obtain a speed of 28 mm /sec. 

 The actual measurement indicated the speed as 24mm/sec and this shows that either the 
pump is not delivering the required oil for that operation or hydraulics are at fault. 
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 By applying the formula Q = A x V  where Q is the quantity of oil (in this case the actual 
pump output), A the area of the cross section of the ram from the hydraulic circuit and V the 
measured speed, the pump performance can be obtained.  By comparing this to the designed output 
the actual performance of the pump is evaluated. 

  Most of the pumps have indicators for the degree of operation, from which one can come to 
a conclusion about the pump delivery status. 

 From this data it is possible to conclude that either the pump is not delivering the required 
quantity of oil for the operation or there is something wrong with the related valves. 

 This is just to give an idea about the methodology and there are many providers who 
specialize in fine tuning the press.  A lot can be done with effort and innovation before calling the 
experts. 

Thermal Alignment.  Mechanical alignment of the press is something everyone knows and does 
on a periodic cycle, but the term thermal alignment is a new term which few of the extruders carry 
out to improve their productivity, die life and quality. 

 The process of monitoring and controlling the thermal conditions of the profile, billet, die and 
container can be defined as thermal alignment.  Basically isothermal extrusion can succeed only if 
you have the proper control of these factors. 

 Single cell die ovens, multi-zone heating in containers, highly accurate taper heating of 
billets, and provisions to measure the exact temperature of the billet before feeding to the press, 
either by thermocouples or non-contact pyrometers, are all important to achieve this thermal 
alignment. 

 Exit temperature directly affects the extrusion speed, and any variation in any of these 
factors will decrease the extrusion speed and any advantage of isothermal extrusion will be lost. 

 

Older Aluminum Extrusion Presses - a Second Chance? 

 When do you declare a press as ‘old’?  Is it when you see: 

 Leaking hydraulics and components?  Out-dated energy guzzling pumps?  Relay logic and 
loose dummy blocks?  Weld scars on the main housing?  A dead cycle of thirty seconds? 

 Is the old veteran ready to say a sad good bye?  Some cry that it is high time you dump it to 
the scrap heap, or is there something one can do upgrade it?  Over the years one often hears this 
comment among extruders. 

 The question here is: Is it possible to extract more out of an aging press?  Is it possible to 
modernize it?  The answer to the question can be very tricky.  If you say ‘Yes and ‘No’ then you are 
like a good politician.  But this is Engineering and not politics and one should be able to give a 
positive reply.  The purpose of this paper is to explore the possibilities and pit falls in modernizing. 

 Aluminum extrusion presses over the years have evolved dramatically.  Gone are the days 
when you were happy with a fifteen second dead cycle time and a break down time of 5 percent. 

 Engineering designs and modifications rest on four main pillars: 

• Engineering economics 

• Actual engineering itself 

• Management commitment 

• People psychology 
 

Engineering Economics.  Simply put it means whether the benefit is worth the expense.  Many 
projects are undertaken without going deeply into the aftermath of the new addition or modification. 

 A case example here is that of a standard Extrusion press with a shearing problem. The 
introduction of a modern shear with butt knocker was very attractive and effective.  Unfortunately the 
added thickness of the shear housing to accommodate the butt knocker was not taken into account.  
As a result the container position and hence the billet length had to be modified.  This resulted in a 
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reduction of the billet by 20 mm and one can imagine the substantial loss in production over the 
years. 

 This is just to stress the need to conduct a deep study before venturing forth into the world of 
modernization. 

 Venders flaunt brilliant performance of their systems but one needs to study not only the 
performance of the press but the related ancillary equipment, too. 

 The initial study should start from the types of profiles and the economical billet length and 
run out.  These to a large extent improve the recovery. 

 The best way is to make a check list with all the positive and negative aspects of 
modernizing.  Let us start with the Press itself.  What are the possibilities and what are the criteria 
required? 

 A sound Mechanical structure is important.  One needs to look at the heart of the mechanical 
structure: columns, main housing, platen and end housing, condition of the cylinders.  If any of the 
above shows either wear or even small cracks or damage, the possibility of either replacing or 
repairing must be taken into account. 

 Once you have the basic sound mechanical structure the next step is to assess the present 
condition of pumps, hydraulics and controls.  All these can be upgraded for better performance but a 
study will throw light to the nature of challenge one is in for. 

 While doing this it is good to look into the existing documentation and circuits.  As is often 
the case with many presses, when some kind of modification or addition takes place, few take the 
trouble to upgrade the documentation accordingly.  A look at the existing inventory is recommended 
to know if there are any major parts lying in stock over the years and the present stock value. 

 It is essential that a flow/performance diagram of the performance of the press is mapped to 
get a clear vision of the performance of various press components. 

 The next logical step is to investigate the likelihood of bottle necks that can limit the press 
output even if its performance is upgraded.  A billet heater that fails to deliver on time, a puller that 
has a longer dead time, length of the run out, all come into focus here. 

 Even with poor performing or outdated ancillary equipment one has the possibility of getting 
better output from an older press.  In such cases the 40% rule of thumb will be of help.  If the cost of 
modification falls below 40% of a new one, the prospect of getting much better return of investment 
is very bright indeed. 

Conclusion 

 The best method is to evaluate older presses, and most of them have the potential to 
improve their performance substantially with the right approach.  Once the decision is made, there 
are many Engineering service providers who can design an efficient system tailor-made to suit based 
on client need.  So it is always advisable to explore all avenues before condemning a press to the 
scrap heap. 

 

Written by:        P. Gopalan Kutty 

Maintenance Manager, Gulf Extrusions, Dubai 
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Editor’s Note: The following information is taken from a Farrel training course manual, circa 1968.  The training 
course was offered to all new owners of Farrel extrusion presses.  This information is both interesting and 
useful, for users of older as well as modern presses, for Farrel and other makes. 

 

FarrelFarrelFarrelFarrel    
 

Extrusion PressExtrusion PressExtrusion PressExtrusion Press    

Operation and Maintenance Training CourseOperation and Maintenance Training CourseOperation and Maintenance Training CourseOperation and Maintenance Training Course    
 

 

Press Installation 
I. Preparation of the Site 

Consideration should be taken when locating a press in your plant.  The press should be positioned for 
convenience of feeding raw material to the press, handling of finished product from the press, die handling, and 
press maintenance. 

Lifting capacity should be adequate for installing dies and removal of press components for 
maintenance or replacement. 

Allow sufficient room around electrical control panels for maintenance.  Some panels are attached to 
the press proper.  Some panels are set on the floor away from the press.  In either case, allow room to swing 
the panel doors open for ease of maintenance. 

Press components such as tie rods, motors and pumps may require additional space for removal when 
performing maintenance.  Check with the press builder to determine if any components require additional space 
beyond the general press area. 

A. Foundation 

When the proposed location of the press has been selected, a load bearing test of the soil should be 
taken to determine the type of sub-foundation needed.  Farrel will furnish a certified foundation layout print 
showing the bolt locations, loading on specific points, water and air piping, and conduit to be installed in the 
foundation.  It is the customer's responsibility to prepare the site, pour the foundation, and prepare it to receive 
the base.  All foundation bolts should be installed in pipe sleeves to allow for shifting and squaring of the base.  
Also a drain should be installed in the lowest part of the foundation to drain off oil and water seepage.  Local 
codes should be checked. 

The press foundation must be designed to support the weight of the press.  You will not be able to 
maintain press level and alignment if the foundation sags or drops.  An out of level condition could induce a twist 
in the press bed and cause over-stressing of the press components. 

B. Conduit 

Farrel supplies on the certified foundation print, or on a separate conduit schedule, all conduit sizes, 
stubbing locations and the number and size of wires to be drawn into each conduit.  The purchaser has the 
choice of either embedding this conduit in the foundation or running it overhead, whichever method suits the 
individual installation.  While the Farrel drawing spells out the conduits and wires therein, it is specifically the 
responsibility of the purchaser to install the conduit and wires unless their specific contract with Farrel calls for 
this installation or any part thereof. 

C. Water 

 The certified foundation prints show the location at which the water supply to, and the drain from, the 
cooler should be installed.  As in the case of the conduit, the customer has the prerogative of installing these 
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lines with the foundation or overhead.  The final connections from these lines to the cooler are the responsibility 
of the purchaser unless otherwise specified in the individual contract. 

D. Air 

The necessary air supply lines are shown on the certified foundation print.  While all the necessary air 
control piping is done during assembly of the press in the Farrel plant, it is the responsibility of the customer to 
supply a minimum of 4-5 cu. ft./minute of clean, dry air at 80 PSI.  The final connection from this supply to the 
prefabricated air system is the responsibility of the purchaser unless otherwise specified in the individual 
contract. 

II. Receiving of the Press 

A. Inspection 

When the press is received, a thorough inspection of all skids, crates, boxes and other type packages, 
plus any individual pipe or parts not packaged, should be made.  If there is any sign of the load having shifted 
during transport, or any sign of tampering or shortage, an immediate report should be made to the responsible 
transportation company and to the office of Farrel in Rochester, New York. 

NOTE: Pictures should be taken and an inspection made by the transportation company's representative before 
unloading. 

B. Unloading 

When unloading, care should be taken that all lifts are made in such a way as not to place undue strain 
on any components of the equipment.  During the unloading, all parts of the shipment should be carefully 
checked against the packing list.  Any shortage noted should be referred immediately to the Rochester, New 
York office of Farrel Company. 

If care is not taken during this time, components of the press frame or piping can be bent, causing at a 
minimum a delay in start-up and can result in the necessity for re-piping or replacing of components causing a 
major delay in start-up. 

III. Installation 

A. Setting on Foundation 

Farrel Extrusion Presses are shipped in one of two ways: 

1.  When possible, taking into consideration the size of the press and the area to which it is being 
shipped, the entire main press frame and base are shipped in one unit.  When this is done, the press is 
pre-stressed during assembly and not dismantled.  The only components removed are the tank, die 
slide cylinder, shear cylinder and interconnecting pipe. 

When the press is shipped in this method, the following is the proper procedure for installation of the 
press. 

The pre-stressed press frame and the base should be either lifted to a position over the foundation 
bolts and slowly lowered over the bolts onto shims which have previously been placed on the 
foundation and leveled with a transit; or rolled into position on cribbing, then slowly jacked down, 
maintaining level as much as possible.  The jacking should be done alternately from end to end. 

The press is now ready for final leveling and squaring before installation of sub-assemblies. 

2.  When the size of the press dictates, or the handling facilities at the receiving end are light, the press is 
dismantled more completely, but never further than necessary to stay within shipping regulations or the 
lifting capacity of the receiving equipment. 

When the press is shipped in this method, the base only, or the base with any components left 
attached, should be treated the same as the full press frame described below in "B". 

During the waiting period and rechecks of the base, the other components of the press can be installed 
until the press proper is completely reassembled and a final leveling check made. 
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B. Alignment of Press Base 

Particular attention should be 
paid to the condition of all shims to be 
inserted under the base and to the 
placement of these shims.  All shims 
should be at least 3” wide and, depending 
on the press size, long enough to extend 
fully under the main side members of the 
base.  A stack of shims must be placed 
on each side of every hold-down bolt to 
eliminate the possibility of springing the 
base.  Each shim stack should be a 
minimum of 1-1/2" high to allow for full 
floatation of grout.  Before inserting any 
shim, care must be taken that no burrs 
from cutting remain on the shims, as this 
will cause incomplete support.  See the 
illustration showing proper placement of 
shims. 

Leveling of the press base 
should be done with the utmost care.  Not 
more than .0005 of an inch per foot 
deviation should be allowed.  When the 
press is shipped fully dismantled, the 
base itself can be leveled by use of a 
transit, shooting the machined pads on the four corners.  However, when a press is shipped assembled, this is 
not feasible.  Therefore, the leveling blocks, which are machined to match the press ways, should be used with 
a straight edge and precision machinist’s level.  In all cases, final checking during the tightening of the hold-
down bolts should only be done with an accurate straight edge and a high precision machinist level with 
graduations reading .0005 inches per foot or less, using the above mentioned leveling blocks. 

When possible and time permitting, the press should be allowed to stand a minimum of twenty-four 
hours and then be rechecked to determine if any settling or canting has occurred.  If this check shows out of 
level, the nuts on the foundation bolts should be loosened and the pull-down and leveling procedure repeated.  
This check and repetition of the procedure should be repeated until no settling or canting shows after at least a 
twenty-four hour period. 

The above time is not lost because during these waiting periods, the sub-assemblies can be cleaned 
and mounted on the press. 

After all components have been mounted, but before the tank is brought to the area, a final check of 
the level should be made. 

C. Mounting of Tank 

Before shipment by Farrel, the tank is drained of oil, cleaned, fully inspected and then resealed.  The 
couplings between all motors and pumps are disconnected. 

Due to our design and assembly procedure, the tank is in practice a complete hydraulic unit.  The top 
of the tank serves as the mounting platform for pumps, motors, valves and much of the interconnecting piping.  
This is the heart of your extrusion press and should be treated accordingly. 

Even though the tank was subject to a full cleaning procedure and inspection before shipment, a 
repeat of this same cleaning and inspection should be done both before the tank is raised to the top of the press 
and again after it is bolted in place and leveled.  This cleaning should be done with a good neutral spirit solvent 
and by using brushes or wipers that will not leave a linty deposit.  Under no circumstance should waste or linty 
rags be used to clean any component of a hydraulic system. 

When possible, all pumps, motors, valves and inter-connecting piping are left assembled on the tank.  
In some cases it is necessary either for shipping purposes or because of receiving limitations to remove the 
pumps and motors. 

In either case the tank should be moved close to the press and then, if a crane is available, by using 
the lifting lugs welded on the tank, the tank should be lifted into place on the machined pads on the top of the 
main cylinder and the stands provided for the rear of the tank.  When a crane is not available, cribbing should be 
built up so that the tank can be raised alongside the press position, rolled into place and lowered by jacks onto 
the main cylinder stand.  After the tank is in place, it should be leveled to become a firm level platform for the 
pumps and motors. 
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In the case of a dismantled pumping unit, you are now ready to mount the pumps and motors.  All 
pumps and motors will be marked to replace in the position originally occupied during assembly. 

At this time do not make final alignment of pumps and motors, and do not connect the coupling. 

D. Piping 

After the tank is in place, leveled and with the pumps and motors mounted, the piping can be 
reinstalled on the press. 

All piping is shipped with the open ends of the pipe and the open ports on the pumps, valves, etc., 
covered.  Regardless of these precautions, all pipes should be washed out with neutral spirit before re-assembly 
on the press and then blown out with clean, dry air. 

A complete set of “O” rings and gaskets are shipped with the press.  Care should be taken that the “O” 
rings and/or gaskets are carefully installed and all tightening of bolts be done in a manner to insure an even pull 
up of the flanges.  This will give an even pressure on the complete “O” ring or gasket and reduce the possibility 
of leakage during startup and initial running of the press. 

Particular care must be given at this time to the cleanliness of all parts and the tightening of all unions 
and flanges.  No pipe should be forced into place.  The piping has been fitted during assembly and any undue 
forcing at this time will establish stresses which will result in future leakage.  It is not uncommon for a piece of 
pipe to become slightly bent during shipping.  If this happens, heat should be applied to relieve any stress in re-
assembly.  After a piece of pipe has been heated and returned to its original shape by assembly on the press, it 
should be allowed to cool in place, then removed and thoroughly cleaned.  Then it can be permanently re-
installed on the press. 

E. Wiring 

All Farrel Presses are completely wired during assembly.  For shipping purposes it is necessary to 
remove the conduit and inter-connecting wires which run between component parts of the press.  All wires are 
numbered and, after re-installation of the conduit, should be connected to the corresponding numbered slot in 
the connector blocks furnished in all pull boxes. 

After all the heavy components of the press and the piping have been installed, pulpits and relay 
panels should be put in place in preparation for wiring.  These units which are physically separate from the 
press proper should be connected up to the press and to each other through the conduit originally installed with 
the foundation.  When this is done, the control system will be complete. 

At this time the connections from the power conduit installed with the foundation to the motors, 
container, and transformer should be made. 

The press is now ready for final inspection, final leveling, and grouting under the supervision of a Farrel 
Technical Adviser. 

(See Master Builders' Bulletin covering directions for grouting with Embeco (or equal) Grout.) 

F.  Final Preparations 

After final leveling and grouting, the following should be done with a Farrel Technical Advisor present.  
These steps should be followed in the prescribed order. 

1.  Final inspection and cleaning of all exposed press components. 

2.  Final inspection, cleaning and sealing of the oil tank. 

3.  Filling of tank with oil. 

4.  Alignment of pumps and motors.  Do not connect couplings. 

5.  Preliminary rough alignment of the press for free movement of all moving parts. 

6.  Turn on control power but do not turn on motor or heater power. 

7.  Check the control circuitry by manual operation of pushbuttons and limit switches, making sure that starters 
drop out with the motor stop button. 

8.  Only after Steps 6 and 7 have been completed satisfactorily, turn motors over to check rotation. 

9.  After turning motors over to check rotation, next connect all couplings. 

10. With motor rotation correct jog start motors to make sure of pump suction. 

11. Once motors have been started and pump suction verified, allow motors to run idle for at least one hour. 

12. The press is now ready to make a manual check.  With the prefill shut-off open, turn the cycle selector 
switch to manual and move each component of the press individually to check all interlocks.  During this 
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period, check the position of all limit switches to make sure necessary clearances are allowed on all 
sequencing of the press. 

13. A manual cycle should now be attempted following the right sequence for extrusion of metal. 

a. Die slide in place - hand lever (center position) 

b. Container on - pushbutton. 

c. Billet loader up - pushbutton. 

d. Main ram forward - pushbutton then hand lever. 

e. Billet loader out - pushbutton (automatically lowered as main ram comes forward) 

f. Main ram forward slowdown - automatic 

g. Main ram stop and decompress - automatic 

h. Container strip - pushbutton 

i. Main ram return - pushbutton 

j. Shear - pushbutton 

14. After all the above manual steps are completed in sequence and all limit switches set for the desired 
strokes, the selector switch may be turned to auto and an automatic cycle attempted. 

15. Depending on the press and the customer's requirement, there are from 2 to 6 different auto cycles.  Each 
of these should be fully developed at this time. 

16. The heat should now be turned on the container.  The heat should not exceed 200oF for at least eight hours 
to dry out the elements and insulation.  After dryout of the elements and insulation, the heat should be increased 
in 100o per hour increments to at least 700oF to allow for growth before final alignment of the press is made.  
Where possible, it is good practice to allow the container to remain at heat for twenty-four hours minimum 
before making final alignment.  All preliminary heating should be done with the container against the die slide 
and the stem close to the container opening or bore heater inserted, so that the heat can penetrate the die slide 
and resistance platen, 

G. Final Alignment and Leveling of the Press Frame 

The original leveling and alignment of the press frame is done by transit and center wire during the 
erection of the press on the base either in the vendor's plant (in the case of a smaller press shipped as a pre-
stressed unit) or in the customer's plant during final erection. 

First, the inside (or die slide side) of the resistance platen and the inside face of the cylinder platen 
should be placed as nearly parallel as possible, with the center point of the resistance platen in line with the 
center point of the face of the main ram. 

Both the resistance platen and the main cylinder platen faces should be perpendicular to the plane of 
the base. 

The tie rods should be checked to be in planes parallel to the base as should the side cylinders and 
container sealing cylinders. 

The crosshead and container housing should be aligned to the centerline established by the centers of 
the main ram and resistance platens.  This is done by means of the adjusting shoes designed and installed in 
the press for adjustment of these parts. 

At this point the eight nuts on the ends of the resistance platen should be adjusted to give an equal 
spacing between the inside face of the resistance platen and the inside face of the main cylinder platen.  This is 
done by using a tram rod with a ballpoint on one end and a micrometer adjustment on the other.  These nuts 
should be adjusted so that the greatest difference across corners will be .005 inches and all four should 
measure the designed distance between platens. 

Now you are ready to pre-stress the tie rods and advance cylinders and establish the final alignment of 
the press frame.  This is done in stages as follows: 

1. With the die slide in the push-out position, seal the container (using a spacer ring to protect the container 
liner if necessary) and advance the main ram manually so that the stem adjusting ring (or distance piece) 
presses against the container with 1000 PSI. 

2. Tighten all eight (8) inside split nuts. 

3. Release main ram pressure and tram the platens.  If the variation between corners is .005" or less, 
proceed to Step 4. 



Routine Inspection & Maintenance – Chapter 1 

1-35 

3-Alternate.  If the variation is greater than .005”, repeat Step #1 above, loosen all eight (8) inside split nuts, 
release main ram pressure and adjust nuts on the tie rods to correct variation to .005” or less.  Then, 
repeat Steps 1, 2 and 3. 

4. Repeat the procedure outlined under Step #1 above with pressure on main ram at 2000 psi. 

5. Repeat Step #2. 

6. Repeat Step #3. 

6-Alternate.  If the variation is greater than .005”, repeat Step 3-Alt. above except main ram pressure must 
be slightly over 2000 psi to loosen inside split nuts.  Then, repeat Steps 4, 5, and 6. 

7. Repeat the procedure outlined under Step #1 above with pressure on main ram at 3000 psi. 

8. Repeat Step #2. 

9. Repeat Step #3. 

9-Alternate. If the variation is greater than .005” repeat step 3-Alt. above except main ram pressure must be 
slightly over 3000 psi to loosen inside nuts.  Then repeat Steps 7, 8 and 9. 

10. Finally, repeat steps #1 and 2 above with pressure on the main ram at 3300 psi.  (Relief valves must be 
adjusted to do this). 

During Step 2, while the press is under pressure, the lock nuts on the return cylinders should be 
locked. 

Then, release the main ram pressure and repeat step #3 above for a final check of alignment.  If steps 
1 thru 9 have been followed correctly, alignment should be well within .005" between all four corners of the 
press platens. 

After the above pre-stressing is completed, the planes of the tie rods, advance cylinders, and container 
cylinders should be checked to make sure they are still parallel to the plane of the base, lengthwise for all and 
both lengthwise and cross-wise for the tie rods. 

The press is now ready for the extrusion of metal. 

H.  Periodic Checking of the Press Frame Alignment and Level 

  Checks of alignment and level should be made preferably every 6 months.  By means of a straightedge 
and high precision level, it is a simple matter to check the level of the tie rods and cylinders lengthwise and 
crosswise to the press. 

At this time the inside split nuts and advance cylinders lock nuts should be checked for tightness and 
the press platens trammed as in the original alignment of the press. 

Any deviation from level of the press frame during one of these checks will, about 99% of the time, 
reflect a change from level in the base.  Rarely, if ever, will the press frame go out of level except when caused 
by the base going awry. 

I.  Installation Tools 

The following tools are required for assembly and start-up and should be at hand before the customer 
calls for the Farrel Technical Adviser and thus eliminate delay of start-up. 

1. Straight edge 8' long, 6” high, 1-1/2" wide. 

2. Precision machinist level graduated between .001” to .005” per foot. 

3. Complete set of Allen wrenches up to 1-1/4” hex. 

4. Pipe wrenches up to 36". 

5. Up to ¾” drive socket wrench set. 

6. Clamp-on type ampere tester 0-600 amp. 

7. Voltage tester 0-600 volts. 

If the above general outline is followed, from the preparation of the foundation to the placing in 
operation of the press, long, trouble-free life of the equipment should be insured.  Again we stress that correct 
preparation, cleanliness of the area, and particular care in cleaning and handling of all components will result in 
a good installation, free from many of the troubles common to a new installation. 
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Mechanical Functions 
 

An extrusion press consists basically of a hydraulic ram of sufficient power to push a billet into a 
container and then through an extrusion die.  The presses themselves range in tonnage from 300 to 14000 tons 
of pushing power.  The minimum cross-sectional area of a given profile versus the billet diameter, coupled with 
the aluminum alloy's extruding characteristics, will determine the capacity of the press required.  We will go over 
the details of the various parts of the press and then tie them together in the trouble-shooting phase. 

Main Ram and side Cylinders 

Generally all aluminum extrusion presses built presently are made with single acting main rams and 
double acting side cylinders. 

The primary functions of side cylinders are to advance and return the main ram at rapid speed to keep 
dead cycle time to a minimum.  They are also used during the actual extrusion stroke to add their tonnage to 
that of the main ram to give the press its rated tonnage. 

The main ram is only used to generate the large tonnage necessary to extrude.  During the rapid 
advance and return motions, the main ram area must be filled with fluid to prevent cavitation.  This is done, in 
the case of self contained-oil hydraulic presses, by prefilling from an overhead tank through a large 3-way valve. 

The formula for determining the extrusion tonnage capacity of a press is: 

Tons = Area x Pressure / 2000 

Area is the area of the main ram and side cylinders in square inches.  Pressure is the hydraulic 
pressure in pounds per square inch. 

The only real choice that you have in selecting piston sizes once you have determined the desired 
tonnage is the level of hydraulic pressure at which you want to work.  Almost all the oil systems of the last 10 
years have been at 3000 psi. 

The pullback force of the side cylinders is figured with the same formula as above, except that the Area 
= Area of side cylinder pistons - Area of side cylinder piston rods.  The pullback force is generally in the range of 
5 to 10 percent of press capacity. 

Ram Speed Calculations 

The ram speeds are a function of the displaced area of the ram and the gallons that are being fed into 
it.  The general formula for this is: 

V = 23l x Q/A 

Where: V is the velocity in inches/min 

Q is the gallons per minute being fed into the ram, and 

A is the displaced area of the ram. 

The 231 is the conversion factor to change gal/min to cubic in/min.  To illustrate this a little better, let’s 
consider the action of the side cylinders on a standard Farrel extrusion press.  The initial forward motion of the 
rams is done on differential action, that is, the oil is directed out of the front of the side cylinders into the back so 
that the pumps only have to supply the rod area for speed.  For an example, let’s use a standard 1650 Ton 
press for calculation: 

The side cylinders are 9" bore, 6-1/2" rod diameter, and the main ram is 35-1/4" diameter. 

Side cylinders: 

Bore 9” diameter  = 63.61 sqin. x 2 = 127.22 sqin. 

Rod 6-1/2" diameter.  = 33.18 sqin..x 2 =   66.36 sqin. 

Net area   = 30.43 sqin. x 2 =   60.86 sqin. 

Main ram: 

Bore 35-1/4"diameter  = 975.91 sqin. 

Plus side cylinders” 

Bore 9” diameter  = 127.22 sqin. 

 Total area  = 1103.13 sqin. 
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Rapid Advance Calculation: for pump capacity 216 gpm 

Velocity = (216 g/min)(231 in3/g) = 751.9 in/min. 

  66.36 in2. 

The 216 g/min represents the full volume of two Oilgear pumps. 

Pre-Extrude Calculation 

Velocity = (216 g/min)(231 in3/g) = 392.2 in/min. 

  127.22 in2 

Extrude Calculation 

Velocity = (216 g/min)(231 in3/g) =  45.23 in/min. 

  1103.13 in2 

Return Calculation 

Velocity = (216 g/min)(231 in3/g) = 819.8 in/min. 

  60.86 in2 

Extrusion Tonnage Calculation 

Tons = (1103.13 in2)(3000 lb/in2) = 1650 tons 

   2000 lb/ton 

Extrusion Platen 

At the other end of the extrusion press is the extrusion platen on which are mounted the gibs that retain 
the die slide.  Mounted into the die slide is the die stack.  The die stack for a normal flat type die for rod or shape 
sections consists of a die and die backer mounted in a die ring with this whole assembly backed up by a couple 
of bolsters.  The function of the die stack is to transmit the extrusion force into the extrusion platen.  The platen 
must be capable of withstanding the tonnage generated by the main ram, side cylinders, and container cylinders 
with acceptable stress levels and low deflection.  In any comparison of one manufacturer’s press to another, the 
platen thickness may vary and this is a result of conflicting concepts in stress calculation.  This occurs because 
in any calculation of stress or deflection one has to assume a certain type of loading in order to complete the 
calculation and different viewpoints may be taken. 

The extrusion platen is held in place by tie rods that connect the main cylinder and platen together.  
These tie rods are fitted with outer threaded nuts so that good alignment can be attained between the two 
platens.  They are also fitted with threaded inner nuts so that an initial pre-stress can be applied to the tie rods 
to reduce chances of a cyclic fatigue failure of the rods.  The tie rod diameters are selected on the basis of 
keeping stress low and the amount of stretch down to a minimum. 

The extrusion platen also is the mounting mechanism of the container cylinders.  They fit into bores in 
the platen and are retained by studs also threaded into the platen.  The container cylinders are used to seal the 
container to the die to prevent flashing of material between die and container.  They are also used to strip the 
butt and dummy block clear of the container after the extrusion stroke is complete. 

The heavy, rigid pressure platen has a bored egress hole to accommodate and align canisters.  This 
hole is large enough to assure efficient spreader-die operation.  It can be varied in size and shape within the 
design limitations of the platen.  In some cases, it also allows for rectangular billet extrusion.  Two holes through 
the platen permit inspection of the dies after they are positioned in the die slide. 

Butt Shear 

The butt shear is a sub-assembly that is bolted and keyed to the extrusion platen.  Its purpose is to 
shear the butt of aluminum that is left on the die face at the end of extrusion, from the die face.  The shear is 
hydraulically operated and works at 90o to the moving action of the die slide.  Because the dies for aluminum 
extrusion have a sharp 90o corner to the bearing surface the shearing of the butt from the die face is a simple 
operation. 

Shears on all presses are designed with tonnage computed for the largest section which can be 
extruded from the press they are on.  Shears are arranged so that all packing is remote from the heat radiated 
from the tools and material.  Guidance of the shear blade holder is designed to eliminate deflection and to 
insure a clean cut.  The blade is adjustable to compensate for different die stack thicknesses. 

Base 

The base is provided to support all press members on one common reference point.  The main cylinder 



Routine Inspection & Maintenance – Chapter 1 

1-38  

is keyed and bolted to the base, and the extrusion platen is allowed to slide on it when the tie rods elongate 
from the extrusion force.  The base also is the guide for the ram support and container housing.  To insure ease 
of adjustment in the future, it is essential that very good alignment be achieved when installing the extrusion 
press on the foundation.  Farrel recommends that it be aligned to .0005”/ft, lengthwise on the ways, across the 
ways, and diagonally across the ways. 

Ram Support 

The ram support is bolted directly to the main ram and also attaches to the side cylinders.  Its function 
is to support the extrusion stem on the centerline of the press when the ram extends out of the cylinder.  The 
stem adjusting ring, stem backing plate, and stem retainer are all bolted to the ram support. The ram support, 
like the extrusion platen, must also take all the stresses generated by the press. 

Billet Conveyor and Loader 

The billet conveyor is provided to bring the billet from the billet heater discharge into the press loader.  
The conveyor has a front shaft drive so that the chains are pulling the billet into the loader rather than 
attempting to push it.  The chains are fitted with lugs so that the billet is kept in its correct orientation for deposit 
into the loader. 

Farrel’s loader is a pivoted arm device powered by a cylinder external to the base for easy 
maintenance.  It is pivoted below the tie rods and swings the billet from entry position up to the center line of the 
press.  It is fitted with adjustable plates to handle billets of the various diameters for a particular size press.  A 
patented safety interlock prevents press operation if the dummy block is incorrectly loaded or fails to load. 

Container Housing 

The two-piece construction of the container housing is designed to reduce drastically the time required 
to change containers or heating elements.  To obtain access to the container, it is only necessary to pull one 
quick-disconnect plug, remove four hold-down bolts, and then make a vertical lift of the top half of the housing.  
Another vertical lift removes the container, leaving the heating elements in the bottom half of the housing in full 
view for checking.  With this design, the container can be changed quickly. 

The container housing, which has adjustable shoes, slides on ways and maintains alignment 
regardless of heat expansion.  The large, heavy center guide has adjustable, replaceable wear strips. 

Radiant Container Heaters 

With the development of the two-piece container housing, Farrel has been able to design a radiant 
container heating system that provides even heat, low maintenance, and important reductions in tool costs.  
Even heat is obtained by the number and position of the heating elements, which are mounted on a reflector 
plate and are isolated from the container housing.  The patented control system permits rapid initial heat-up at 
full power and holding at set-point temperature at only one-quarter power.  Operating costs are reduced and 
heater life is extended because the system provides an even source of power to the heating elements.  All 
electrical connections are located on the outside of the container housing and are accessible for maintenance. 

Die Slide 

The three-position, horizontal, one-piece die slide, which is constructed of alloy steel, has two “U” 
shaped slots to accommodate the vertical loading of the dies.  These are designed so that positive positioning of 
the die is automatic once the limiting stops have been set.  The rugged, heavy construction of the die slide 
insures ample confinement of the tool stack and reduces distortion.  A special device securely locks the die ring 
in place.  The moving cylinder is of sufficient size to allow the die slide to be used as an auxiliary shear for 
shearing behind the tool stack. 

Pumping Unit 

The hydraulic system is designed around radial-piston-type pumps directly coupled to electric motors.  
This design insures smooth operation at compensated speeds which can be steplessly selected by the operator. 

Container sealing at a constant high pressure during extrusion is maintained by means of a separate 
motor-driven pump.  On all presses from 1,650 tons and up, auxiliary operations such as billet loading and oil 
cooling are performed by a separate low-pressure pump driven by an electric motor. 

All valves and piping are designed to maintain low velocity and are rigidly mounted to eliminate shock 
and reduce valve-shifting time.  A sight-level gauge, breather, strainer, and coolers are built into the system. 
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Mechanical Maintenance 
Never operate a press beyond the limits set forth by the press manufacturer.  When a press is 

designed, each member has been calculated to withstand certain limitations.  Operating the press beyond the 
designed limitations will void any warranty, over-stress the members, and may eventually cause failure. 

Schedule a regular time to clean the press, and perform the maintenance required.  With a scheduled 
maintenance program, press down time can be minimized. 

The best insurance against premature wear and fatigue is to keep the press well maintained and 
aligned.  Alignment and proper maintenance are the factors that pay dividends in maintaining press output by 
eliminating costly repairs and shutdowns and permitting continuous production. 

Periodic checking of the level of the base is important and should be done on a regular schedule of at 
least once every 6 months.  The equipment necessary to do this is an accurate straightedge, high precision 
machinist level and two blocks machined and ground as a pair to conform to the surface of the press ways, 
which are integral with the base.  The same accuracy as in the original leveling, (0.0005”/ft) should be 
maintained. 

Procedure to correctly level the base:  Usually if the base is found to be out of level, it will be due to 
a settling of the foundation at some point.  To correct this condition it is necessary to jack up the low point of the 
base and re-level, using the same procedures as when originally leveled. 

In re-leveling the base it is important that you do not attempt to jack the base and main press 
components up in one piece.  Rather, you should use jacks to just lift the heavy components away from the 
base at the low point and then separately jack up and re-shim the base.  Once the base has been re-shimmed 
to a level position, the press itself can be lowered into place on the base. 

A new check of the level should now be made.  If it is found that the base is still not level while 
supporting the weight of the press, the entire procedure should be repeated until the original reading of 0.0005 
inches per foot or less is reached. 

After the above, the grout should be replaced where necessary. 

Checking Points: 

1. Check level front to rear close to cylinder platen. 

2. Check level front to rear close to resistance platen. 

3. Check level left to right on front way. 

4. Check level left to right on rear way. 

5. Check level diagonally across ways. 

Reasons for Bed Going Out of Level 

1. Improper alignment of moving components or jamming of a billet between the stem and container 
causing a bending force on the base.  This is very rare.  If found, the base should be straightened 
before re-leveling. 

2. Loosening of hold down bolts - Loss of grout and resultant shifting of shims.  Should be noted before it 
becomes critical, by evidence of cracking grout and shifting shims.  Reset the shims, tighten the bolts 
and proceed with a level check as covered in the preceding paragraphs. 

3. The most common cause is the settling of the foundation to an uneven degree causing the base to 
become un-level.  Correction of this condition is covered in the preceding paragraphs. 

Note:  After any re-leveling of the base, the press frame alignment and the alignment of the moving components 
must be checked, as described in the following: 

A. The tie rods should be checked to be sure they are in planes parallel to the base, as should the side 
cylinders and container sealing cylinders. 

B. The crosshead and container housing should be aligned to the centerline established by the centers of 
the main ram and resistance platens.  This is done by means of the adjusting shoes designed and 
installed in the press for adjustment of these parts. 

C. At this point, the nuts on the ends of the resistance platen should be adjusted to give an equal spacing 
between the inside face of the resistance platen and the inside face of the main cylinder platen.  This is 
done by using a tram rod with a ballpoint on one end and a micrometer adjustment on the other.  
These nuts should be adjusted so that the greatest difference across corners will be 0.005 inches and 
all four should measure the designed distance between the platens. 

Now you are ready to re-stress the tie rods and crosshead advance cylinders and establish the final 
alignment of the press frame.  By bringing the container against the die slide and advancing the main ram so 
that the stem holder presses against the container with slightly more than full press pressure, the tie rods will be 
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subject to a full stress and stretched to their permitted length, as will the crosshead cylinders. 

If correction must be made to press alignment, proceed as follows: 

1. Raise the clamp pressure to 10% over normal system operating pressure. 

2. Loosen the inside split nuts then drop the pressure and adjust tie rod nuts. 

3. To adjust or set four rods, raise the pressure to 2/3 of system pressure and re-tram. To adjust one rod, 
raise pressure to system operating pressure and re-tram. 

4. If press trams within the 0.005" maximum allowance, raise the pressure to 10% over system pressure 
and lock inside split tie rod nuts. 

NOTE: For complete information on pre-stressing, please refer to "Press Installation” portion of this manual. 

Also, the lock nuts on the advance cylinders should be locked up under pressure to maintain them 
level in a plane parallel to the plane of the base. 

After the above pre-stressing is completed, the planes of the tie rods, crosshead cylinders and 
container cylinders should be checked to make sure they are still parallel to the plane of the base, lengthwise for 
all and both lengthwise and crosswise for tie rods. 

Once the press frame alignment and level have been established, it is time to check the level and 
alignment of all moving components.  The following sequence has proven to be a good one to follow. 

1. Main ram, side cylinder pistons and moving crosshead assembly.  This assembly must be leveled in a 
plane parallel to the plane of the base and checked at a minimum of three points throughout its entire 
stroke.  These three points are: full return, mid-stroke, and full stroke.  At the same time, and using the 
same three checking positions, it should be determined that the travel of this assembly is maintained on the 
centerline of the press previously established when the press frame was aligned. 

2. Container housing, container cylinders and container assembly.  This assembly must be leveled and 
aligned so that the travel is in a plane parallel to the plane of the base and so that the centerline of the 
container bore coincides with the centerline of the press throughout its entire travel.  This is done by means 
of the adjusting shoes provided on the container housing. 

3. Extrusion stem.  The mounting provided for the extrusion stem is designed so that the stem can be 
adjusted to a position directly on the centerline of the press.  Once the stem is mounted and placed on the 
centerline, it should be moved forward with the main ram to a point where it enters the container.  A check 
should now be made by either feeler gauge or taper gauge to determine that the stem and container bore 
are concentric. 

4. Die Slide or Die Head.  The die slide is pre-aligned on the horizontal centerline of the resistance platen by 
means of shims and wear plates.  A die head is also pre-aligned by means of guide ways in the resistance 
platen, both on the horizontal and vertical centerlines.  To align the die slide on the vertical centerline, both 
a stroke adjusting nut for the cylinder and positive stop pins have been provided.  By means of these 
adjustments, the slide can be accurately aligned to the container and stem. 

5. Shear.  The shear guide housing is permanently keyed to the resistance platen in a position perpendicular 
to the plane of travel of the die slide or die head.  Actually, the only alignment needed here is the spacing 
between the shear blade and the die face.  This is usually set after heat has been applied to the container 
for at least 24 hours so that the container, die slide and resistance platen are at working temperature.  
Once this point has been reached, a hot tool stack is placed in the die slide or die head and the shear 
holder without a shear blade is moved down across the face of the die.  With a spacer the distance 
between the shear blade holder and die face is accurately measured.  With this measurement as a guide, 
the shear blade can be inserted with the correct shimming to give a clearance of 0.020 to 0.025 inches 
between the shear blade and die face. 

6. Billet Loader.  While it would have been possible to align the billet loader to the stem and container while 
the press was cold, it is preferable to do this after 24 hours of heating, as in the case of the shear blade.  
With the container sealed against a die and the main ram fully retracted, use the following procedure: 

a. Check the arc of the arm’s travel for the vertical plane and establish this plane by whatever means 
available. 

b. Raise the loader to the full up position and maintain this position with controls on until the alignment 
procedure is complete. 

c. Place a heavy timber under the loader arms, locked in such a manner to prevent the arm(s) from falling 
in the event of control or hydraulic failure during alignment. 

d. Place a good dummy block on ram end of cradle and advance ram slowly until the pin barely makes 
contact with the dummy block.  Now align cradle to perfectly center it on the face of the stem and make 
it parallel within the limits described above. 

e. Check elevation and adjust to within limits described above. 
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f. Check horizontal alignment and parallelism again. 

g. Continue this sequence until the ram end of the cradle is properly located. 

h. Place the dummy block on the container end of the cradle and follow the same procedure outlined in 
“d” and “g”. 

i. Retract the ram and place the dummy block on the ram end of the cradle.  Recheck alignment, 
parallelism and vertical position.  If there is any discrepancy, reposition according to the above. 

j. Continue this procedure of checking back and front until the required position outlined above is 
attained. 

k. Lock all bolts securely and pin bolts where possible. 

A check of all moving components should be made daily, especially the relationship between the stem, 
billet loader and container.  If any misalignment is found, it should be corrected immediately. 

A good working procedure would be as follows: 

1. Check the stem alignment, condition, and level.  It should travel in a straight line throughout its entire 
stroke, and travel on the centerline of the press.  In its real position (full return), mid stroke and full stroke it 
should be parallel to the plane of the press at all times and on the centerline of the press.  If any buildup of 
aluminum and/or deformation of the stem is noted, corrective measures should be taken.  The stem should 
be cleaned of buildup if found.  In case of deformation, the stem should be replaced. 

2. Proceed with an alignment check of the billet loader as outlined in the preceding item 6 - billet loader, items 
"a" through “k”. 

3. Alignment of the container can now be checked and reestablished in relation to the stem and billet loader.  
The following procedure should be followed: 

a. Seal the container against the die slide. On a press with a die slide that does not have a cold billet 
extraction hole, a dummy tooling set-up should be used.  If the press is equipped with an extraction 
hole, the container can be sealed directly against the die slide. 

b. Move the stem forward until it enters the container. 

c. Using a taper gauge, check between the stem and container liner on the horizontal and vertical 
centerlines at 3, 6, 9 and 12 o'clock points.  The reading should be within 0.020" at all four points.  This 
would mean that the stem and liner are concentric within 0.010". 

d. Now, by moving the stem forward to a point where the forward end enters the die slide or dummy 
tooling set-up, the same check can be made at the sealing end of the container. 

e. If after the above checks are made any misalignment needs correction, the container should be moved 
away from the sealed position and the necessary adjustment made to the vertical and horizontal gibs. 

f. The previous steps should be repeated until the measurement of 0.020” or better is reached at all 
checkpoints. 

g. Once the 0.020" measurement is obtained, the container should be operated back and forth at least 
three times and then rechecked. 

h. The final check can now be made by placing a dummy block on the dummy holder pin in the stem and 
moving the stem and dummy forward through the entire length of the container.  If any binding of the 
dummy between the container liner and dummy holder pin is noted, a slight compensation of the stem 
or container can be made.  If more than 0.005" correction is needed, further investigation should be 
made of the stem and container for deformation. 

4. Once the above alignment has been checked and re-established, the die slide and shear should be 
checked.  Very seldom will it be necessary to make adjustments to these units.  However, it is good 
practice to maintain the die position concentric to the container.  The shear itself mainly should be checked 
for condition of the shear blade and clearance between die face and shear blade. 

Wear, Fatigue and Lubrication 

Most extrusion equipment is horizontal in action, and therefore many exposed horizontal wear surfaces 
are unavoidable.  The problem frequently is not the lubrication of these bearings, but the protection of horizontal 
surfaces from damage.  These surfaces such as the ways of a press are hard, so that the adjustable softer wear 
plates sliding on them will take the wear.  Dirt of all types tends to adhere to the lubricated surfaces, particularly 
if workers are required to step over them in their operating duties.  The ways are close to the floor and dirt can 
be blown onto them by the many fans in the area of an extrusion press.  Heavy tools and dummy blocks often 
are accidentally dropped on ways, and the resulting dent in the surface cannot be effectively cleaned by any 
wiper on the moving crosshead. 

The horizontal ways of extrusion presses not only support the moving parts but center the extrusion 
tooling so that the high forces involved are kept concentric.  If there is rapid wear, very dangerous eccentric 
loads can occur in the tooling.  Extrusion stems could break with explosive force; bent stems are in themselves 
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a costly replacement and are likely to cause permanent, more costly damage to the container liner and possibly 
the die assembly and its supporting members. 

If the main crosshead is not properly aligned, excessive wear will also take place on the main ram, 
main cylinder bushings, the pullback rams, the pullback ram heads, cylinders and cylinder bushings; with the 
possibility of bending or fatigue failure of the pullback rods.  If the container holder is not properly aligned, 
excessive wear will take place at the center rail guide, the container shifting rams and cylinder bushings, etc., 
with the same possible bending or fatigue failure of the cylinder rods.  All of the remaining press members are 
subjected to the same or similar premature wear or fatigue from lack of a preventive maintenance and alignment 
checking program. 

The following check list should keep your press in good condition and, if adhered to along with the 
alignment checks covered previously, should prevent excessive maintenance and premature failure of the press 
members. 

We have divided this short check list into daily and weekly schedules.  These are based on the press 
being kept in a warm condition at all times at about operating temperature. 

Daily Checks 

• Clean and lubricate ways. 

• Prior to start-up, check the press to make sure nothing is between the moving portions of the press. 

1. Is a billet with dummy block in the billet loader in the correct position? 

2. Is the container in the correct loading position? 

3. Is the dummy block being loaded into the container in the correct position behind the billet? 

4. Do the billet and dummy enter the container in a straight line without skewing? 

5. Does the container move squarely away from the die when stripping the butt and dummy block? 

6. Does the shear blade clear the die face when shearing the butt and dummy block? 

7. Do the dummy block and butt fall clear after shearing so that the dummy does not hit the container and 
neither hangs up so as to be caught on the next container closing stroke? 

• The air dryer must be drained every eight hours or on start-up of each shift. 

• Drain any condensation from the bottom of air filters as well as the main air collector reservoir, if installed. 

• Check the limit switch interlock to stop the main ram forward travel, if the billet loader is not down. 

• Grease the shear, die slide, container shoes, loader pivots, and crosshead shoes at least once every eight 
hours.  Shoes on the crosshead may run dry and will have to be lubricated more often.  Use high 
temperature grease. 

Weekly Checks 

• Check alignment of the die slide, stem and container (hot). 

• Check the face of the pressure ring in the front platen for coining and parallelism. 

• Check the tie rod nuts to make sure they are tight. 

• Check the nuts on container and crosshead cylinder pistons to make sure they are tight.. 

• Check all gland bushing nuts to make sure they are tight. 

If the press is operated only on one shift or is shut down over a period such as a weekend the following 
precautions are recommended: 

1. Hydraulic Rams: Do not leave the press for any period of time with rams extended as dust and dirt settlement 
on ram surfaces can cause excessive wear. 

2. Temperature Check: After a shutdown of 8 hours or more check the temperature of the container liner, 
container, extrusion stem, dummy block, die and die tooling, and billet before operating.  A container bore 
heater is recommended to keep the container warm during the shut-down.  It is a good idea to keep the 
container on low heat along with the bore heater, as well as keeping the container close to the die slide to 
prevent heat loss. 

3. Alignment Check: After a shutdown of 8 hours or more, the first billet should be loaded into the container and 
extruded using the manual press controls to make certain that the loader lines up with the stem and container, 
the container lines up with the die, and the shear blade lines up with the die.  It is doubtful that the press 
alignment would be disturbed by a short shutdown, but perhaps an adjustment was changed during the last 
operating shift and the adjustment must be remade due to changed conditions. 

Lubrication 

Grease moving parts as required.  Press manufacturers will indicate frequency of greasing in their 
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instruction manual.  Have a grease gun available at each press.  Take the time to make a sketch of the fitting 
locations and frequency of greasing.  Attach the sketch to the press for the convenience of maintenance and 
operating personnel. 

Grease fittings are located at the ends of the electric motors for lubrication of the motor bearings.  
Standard motors are provided with two bearing chamber openings.  One opening is intended as a relief for 
pressure gun filling.  Remove plugs, pump in grease; the excess will be forced out through the relief opening 
instead of out the motor shaft seal.  Where a second opening is not provided, use care in filling the chamber 
with grease.  Excess grease could be forced out the motor seals into the motor. 

Grease couplings between the motors and pumps.  Remove the two pipe plugs in the coupling sleeve.  
Insert a grease fitting in one side, fill with grease until it comes out the other hole, remove grease fitting, and re-
install pipe plugs.  Some couplings may require disassembly to repack with grease. 

Use a high temperature lubricant such as Fel-Pro, Molycote, etc., on all cap screws subject to high 
temperature.  Cap screws subject to high and low temperatures form an oxidation around the threads.  The high 
temperature grease will lubricate the threads to prevent galling when the cap screws are removed. 

Packing 

Main cylinder ram seals and side cylinder seals are of chevron type packing.  The following procedure 
should be adhered to when replacing packing, and when handling packing.  When replacing packing, use the 
same type as recommended by the press manufacturer. 

When packing starts to wear, replace it, otherwise parts of the packing will contaminate the oil and 
work into the pumps or valves, thus causing damage. 

Before installing packing, inspect each piece for nicks, cuts, flaws or dirt.  All metal surfaces on which 
the packing slides should be very smooth.  The closer the surface is to a mirror finish, the more efficiently the 
packing will operate.  If the metal surfaces are scratched or nicked, blend them with a honing stone.  Soak the 
packing in hydraulic oil before installing it. 

Sharp instruments should not be used when 
installing packing.  Use a wooden stick with rounded edges 
when pressing new packing into place. 

Main cylinder packing is installed as follows: 

1. Two rings with adapter against suction and (6) 
rings with adapters against pressure. 

2. Get packing in evenly and snugly without using 
undue force. 

3. Tighten the packing retaining glands evenly and 
only enough to prevent leakage.  Packing which is 
too tight may: 

• Increase frictional resistance 

• Wear out much more rapidly 

• Cause abrasion of metal surface. 

Installation of chevron type packing: 

A. Installation of each ring of a set must be done 
separately.  Make sure the first two packing ring splits are located 180o apart from each other.  Then 
rotate the second set of two by 90o and again index each 180o; rotate 3rd set another 90o and index at 
180o. 

B. Be sure each ring is seated properly. 

Spare Parts 

Our instruction manuals contain a list of recommended spare parts.  It may be possible to manage 
without spares of certain items on the list, such as ram packing and bushings; but it is not advisable.  There are 
items on the list that should be maintained as spares. The items are: 

A. Coils for relays and solenoids 
B. Heater elements and thermocouples 
C. “O” rings and gaskets. 

A failure of any of the above items would cause a press to be shut down.  The length of time the press 
is down would be dependent on availability of the parts.  It takes time for any press manufacturer to process an 
order for replacement parts.  Consider the lost time and cost of ordering parts when a press is down. 

A. Cost of phone call and time involved to order part. 
B. Amount of time the press manufacturer takes to process the order. 
C. Availability of material from press manufacturer's stock. 

D. Availability of transportation to get the part to the customer's plant.
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Correct Bolting Procedures 

 

The idea for this section comes from a paper2 presented at ET16 by James Cunningham, 

Cunningham Mechanical Design, Inc.  Text and graphics used here are from various 

internet sources as indicated. 

 “Bolting torque and tensioning practices for assembly and maintenance purposes 

can be improved by applying the correct methods.  Loose or over-tightened bolts and 

screws pose a problem for mechanical, electrical, hydraulic, and pneumatic components.  

Bolts that are not properly torqued pose a risk to both the equipment and personnel 

operating the equipment.  Using proper procedures when applying torque to a bolted 

connection can improve the functionality and longevity of the mating components.3” 

 The illustrations on following pages show the different types of fasteners, including 

bolts, screws, nuts, and washers, including charts for identifying thread pitch and bolt 

grades.  It is critical to always use the correct type of fasteners specified for the design of 

the connection, and to apply the correct torque. 

 “It is important to recognize the type of threading used on the fastener.  There 

are many different thread forms that are available for threaded fasteners.  However, the 

author will focus on the two types that are most commonly used on our applications.  Most 

of the fasteners that you will use have what is defined as a coarse thread (UNC).  This is 

most typical for hex head, socket head, and flat head cap screws.  The other thread 

form that one may find on the equipment worked on will be what is defined as fine thread 

(UNF).  The distinction between the two is easily recognized by the threads per inch.  

This is a standard term used for thread form.  Basically, one counts the number of 

threads per inch of length of the fastener.  Fine thread fasteners have a very small 

thread to adjacent thread distance, whereas coarse threads are more spaced out on the 

length of the bolt.  These designations can also be found on bills of material and/or supply 

lists for the mechanical assembly.  Typical designations include the bolt diameter, 

number of threads, and type of thread form.  Some examples are:  

• 0.50-13 UNC (1/2" diameter, 13 threads per inch, coarse thread form) 

• 0.50-20 UNF (1/2" diameter, 20 threads per inch, fine thread form). 

 

 

 

                                                           
2 Cunningham, James, “Review of Proper Bolting Practices – Applying Torque or Tension to a Bolted 

Connection,” Proceedings of 11th International Aluminum Extrusion Technology Seminar, 
(2016), p.521-535. 

3 ibid 
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The following are various examples of fine and coarse threaded fasteners. 

 
 
Standard Types of Mechanical Bolted Connections 
 

 

 

 

  

 A) Tapped            B) Through Bolted 
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Fastener Basics 
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Bolt Grades and Yield Strengths 

 

 

 “The two grades that one will primarily find on [extrusion] equipment …. are 

grade 5 and grade 8.  These numbers represent the steel alloy used to 

manufacture the bolt.  Grade 5 is a lesser alloy than grade 8 and therefore, grade 8 

bolts are used for higher load applications such as the prefill valve attached to the 

back end of the main cylinder.  There are many other lower-graded bolts that are 

used for other applications.  Mating two components that do not have a load 

imparted on them may only require a lesser-grade bolt.  However, the large 

equipment that the author and his colleagues work on requires these higher-grade 

bolts.” 
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Correct Bolt Tension 

 In a bolted connection, torque is applied to place the bolt in tension with the 

effect of a spring.  The threads should e lubricated before assembly in order to reduce 

the torque required to apply the correct tension.  Next the connection is tightened 

“hand tight” so that nut and bolt are in full contact with the flange surfaces before the 

tension load is applied. 

 Setting the correct bolt tension is done by either the turn-of-nut method, or by 

use of devices that apply a measured amount of torque. 

Turn-of-Nut Method 

 With the nut and bolt in a hand-tight or snug position, the nut is marked as 

indicated below, and then tightened according to the tables to achieve the desired 

tension.  The marks indicate the degree of rotation.  All bolts on a flange are marked and 

tightened the same. 
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 To use the turn-of-nut method it is necessary to know the bolt length, diameter, 
and thread pitch. 

Torque-Applying Devices 

 The most accurate methods for precisely loading a bolted connection involve 
devices such as torque wrenches and hydraulic torque tools.  First, calculate the amount 
of tension desired by referring to a manufacturer's chart or another accredited source to 
determine the amount of tension to be applied.  One chart is reproduced below. 

 Most bolted applications do not require the highly accurate tensioning method, 

but rather a range to which the bolt should be stretched.  This is when torque tools are to 

be used.  Manufacturers may or may not provide an actual torque chart for their bolting 

applications.  If they do not, there are many charts available online that can be easily 

found.  Each chart used should be verified by an engineer for having the desired torque 

listed.  Once the torque for the application is defined, a torque tool can be used to 

achieve the residual load in the bolted connection. 

 The correlation between bolt tension and applied torque depends on the 

friction in the threads, so the use of lubricants can greatly reduce the co-efficient of 

friction and thereby reduce the amount of torque required to properly make a 

bolted connection.  Many torque charts offer a range of torque, along with 

variations depending on the lubricant used.  These charts may have torque 

values for bare steel, light oil, nickel, and molybdenum lubricants.  Using the 

different lubricants is critical to reducing the co-efficient of friction, and in turn 

reducing the range of applied torque. 
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Additional charts at http://www.repairengineering.com/bolt-torque-chart.html 

 

 

 

 

 

 

 

 

 

 

 

  

 

Torque Wrenches 

Torque Screwdriver 
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Flange Bolt Tightening Sequence 

 When tightening flange bolts follow the number sequence below to assure uniform 
tightening. 

 

 

 

 

 

 

Pneumatic Torque Wrench 

Hydraulic Torque Wrench 
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Press Alignment 
This chapter sponsored by ADS Precise Measurement Services 

www.a-solution.com.au 

 

 

 

Importance of Proper Alignment.  Good press alignment is important to profile surface quality 
and tolerances, as well as equal flow in all ports of the die. As close tolerances and predictable 
die performance have become more important and section walls have become thinner, alignment 
has become more critical.  Misalignment also causes mechanical problems in the press --- 
uneven wear, tooling damage, and even “popping” movements as the misaligned press corrects 
itself during the stroke. 

This chapter presents information on press alignment from a variety of sources:  
 Press Alignment and Its Impact on Extrusion Performance, from a webinar by Richard 

Dickson, Hydro Aluminum, and Chris Jowett, Rio Tinto Aluminum. ............................. Page 2-3 
 Alignmeent Principles .................................................................................................. Page 2-15 
 Alignment Procedures Using Traditional Mechanic’s Tools ........................................ Page 2-16 
 Use of the Alignment Tool Stack ................................................................................. Page 2-24 
 Quick Checks of Press Alignment ............................................................................... Page 2-26 
 Modifying the Press for Easier Adjustment of Alignment ............................................ Page 2-28 
 Laser Tracker Measurement Technology for the Alignment, Correction, Condition Monitoring, 

and Refurbishment of Extrusion Presses, from Joseph Mulder .................................. Page 2-30 
 
 

Information in this chapter is largely derived from the following sources: 
• Mulder, Joseph E. V., and Smith, Gavin J., “Extrusion Press Alignment with Modern 

Technology,” Proceedings of 7th International Aluminum Extrusion Technology Seminar, Vol 
I, (2000), p.455-463. 

• Mulder, Joseph,  “Laser Tracker Measurement Technology for the Alignment, Correction, 
Condition Monitoring, and Refurbishment of Extrusion Presses,” Proceedings of 11th 
International Aluminum Extrusion Technology Seminar, (2016), p.555-565. 

• Anthofer, E.J., “Press Alignment,” Proceedings of 2nd International Aluminum Extrusion 
Technology Seminar, Vol. I, (1977), p. 169-173. 

• Freese, Howard W., “Alignment of the Extrusion Press,” Proceedings of 3rd International 
Aluminum Extrusion Technology Seminar, Vol. I, (1984), p.105-111. 

• Bergman, John, “Press Alignment Using 3D Laser Technology,” presented at AEC Press 
Maintenance Seminar, (2002), Chicago. 

• Dickson, Richard, and Jowett, Chris, Press Alignment and Its Impact on Extrusion 
Performance, AEC Webinar, 2014.  
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The following section is adapted from a Webinar offered by the AEC 
– Aluminum Extrusion Council – in 2014 and is offered here with 
permission of the authors. 
 

Press Alignment and its Impact on Extrusion 
Performance 

By Richard Dickson, Hydro Aluminum Metals USA, 
 and  

Chris Jowett, Rio Tinto 
 

Why is Press Alignment Important? 
Press alignment is a complex series of issues, both mechanical and thermal, that when 

done right ensures that there is no inappropriate metal-to-metal contact causing accelerated 

wear, nor any ‘skull’ metal scraped from the container and injected in to the die.  It also ensures 

that the billet metal is presented to the die in the best manner for optimum extrusion. 

 

Effect on Extrusion.  Misalignment causes: 

• speed differences in multi-cavities, resulting in different run-out lengths 

• flow differences that move the shape, affecting tolerances 

• inflow, leading to poor surface quality of extrusions 

The biggest cause of problems for these issues is poor die to container alignment, which should 

be better than 0.060 inches (1.2mm) or better center to center. 

 

Effect on the Press.  Misalignment results in: 

• Wear of components- Dummy block, 

container liner, guides 

• Build up on stem 

• Safety issues on how to remove aluminum – 

never use torch 

• Aluminum build up also covers up cracks in 

the stem 

The biggest cause of problems for these issues 

container to stem alignment, which should allow a 

uniform skull in the container. 

The dummy block should be sufficiently centered in the liner that inflow of billet skin and 

trapped air is minimized. 

Container vs stem alignment must be correct not just in the vertical axis; also is the 

container “cocked” at an angle? 

 
Build Up on Stem and Dummy Block 
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Container Correct – Parallel to Centerline      Container “Cocked” or Tilted 
 

 

Container with Uniform Skull 
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Tilted or “Cocked” Container 

 

Skin Flowing into Extrusion Causes Bad Surface Quality 
 

 

 

Effect on Die Performance. The die maker designs the die with the assumption 

of a standard flow of metal arriving at the die face 

• The metal flow near the container is slower, at the start, due to friction with the 
container 

• The bearings on the die are reduced towards the container’s edge 

• But if the relative position of the container/die is wrong then the bearings are 
wrong 
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The relative location of the container to the die matters 

 

The dummy block self centers a small amount: 
 

 
 
 

Why the skull is so bad for extrusion 

 
For additional information the effects of alignment on profile surface quality, see references on 
page 2-13.  

Oxides and other 
impurities from the billet 
surface can migrate to the 
skull and into the 
extrusions, causing 
surface defects. 
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Daily Alignment Checks – Two Methods 
 

First Method: Check stem to container alignment using a cold 
cleanout block. (Cold blocks must have expansion slots).  The shape of the “skull” is an 

indicator of stem to container alignment, as follows: 

• Uniformity of skull around the circle is good alignment 

• Not a full circle – not good alignment 
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Weigh the skull.  This can be used to calculate the thickness of the skull in the container.  

The weight should be charted to monitor dummy block condition. 

• If the weight is increasing, the dummy block is wearing 

• If the weight is decreasing, the dummy block is over expanding – may be cracked 
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Second Method:  Check container to die alignment, using various 
methods: 

• Visual inspection using a special dummy tool stack 

• Target die 

• Leave a butt on the die 
However, with either of these methods there are issues with temperature and pressure, and when 
the test is conducted. 
 

Visual inspection using a special dummy tool stack.  There are many negative 

issues: 

• Size of the dummy tool stack 

• Condition of the press – not at working pressure 

• Condition of the press – not at working temperature 

• Not numerically measurable 
 

Using a target die.  There are many positive issues and one negative: 

• Condition of the press – at actual working pressure 

• Condition of the press – at actual working temperature 

• Measurable 

• Negative:  some lost production time 
 

 
 

Target Die in Die Holder 

 

Billets with Impression of Target 

Die 
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Note: a variation of this method is presented on page 2-14 of this chapter. 

 

 
 
 
 

Leave a butt on a die.  There are many positive issues: 

• Condition of the press – at actual working pressure 

• Condition of the press – at actual working temperature 

• Accurately measurable 

• Zero lost production time 

• Negative: Extra caustic (but you do get two cleaned die rings every day)  
 

 

Close-up view of billet with 

impression from Target Die 
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There may be issues with press temperature when the alignment is 

checked.  If the press is idle for a time but container heat is on, the 

important dimensions may change, as the container housing is also 

heated. 

 

 
 

 
 
 

Important notes on die-container alignment 
• If the die is high, there may be dirt in the die holder/slide 

• If the die is low, look for worn wear components in the die slide 

• If it is a 2-position die slide, compare slide 1 to slide 2 

• Sometimes the die may be tilted if the pressure ring is not flat; you only see this 
under pressure 

• The above may not be seen with a dummy tool stack 

• Often if there are differences between sides of the die slide, there are issues with 
moving the slide 
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Frequency of Alignment Checks 
 

 

 
 

 

Alignment standard tolerances 
• Press base must be square and level within 0.0005 inch/ft. 

• Front platen and main cylinder platen must be parallel (same 0.0005 in/ft),and 

perpendicular to the guides. 

• Tie rods must be level (within 0.0005 inch/ft), the max variation between tie rods must 

be within 0.003 inch/ft (measured across the press, rod to rod, horizontal, vertical, front 

and back). 

• Level and align the main cylinder. 

• Pre-stress tie rods to 10% over the rating, inside nuts tight and locked. When relaxed no 

clearance between platen and outside nuts. 

• Container to stem must produce a full crown from a cleanout block 

• Die to container must be within 0.060 inches (1.5mm) center to center 
 

Order of alignment: 
• Align the stem to the press 

• Align the container to the stem.  Do not move the stem to match the container 

• Align the die to the container.  Do NOT move container to align with die; container to 

stem alignment would then be wrong 

• If the container is raised to correct die/container the container will be ‘cocked’ 
 

Thanks to the authors: 

 
  

• Die to Container 

• Container to Stem 

 

• Check Tie Rod Pre-stress Nuts 

• Check Wear on Dummy Block and Liner 

 

• Stem to Press Centerline 

• Platen Pressure Ring flat and Square 

• Stem Square to Piston (Main Ram)  

 

• Base Flat, Level, Bolted Down 

• Tie Rods Level and Parallel 

• Cylinder and Tie Rods Parallel 

• Press Platens Square 

Richard Dickson   Chris Jowett 

Richard.Dickson@Hydro.com  chris.jowett@sympatico.ca 
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Jerome Fourmann, Rio Tinto Aluminum, offers the following references concerning the 
importance of alignment and tooling condition to profile quality: 
 
From Defects Affecting Extrusion – Streaking, Die Lines, and Micro Die Lines 

Light Metal Age, April, 2016, page 27. 
 

“Inside the container, the metal adhering to the container wall after extrusion is of poorer quality 
than that which has been extruded because it consists of a mixture of inverse segregate and 
ingot skin heavily oxidized during casting, homogenization, and reheating. However, if the 
adhering layer is allowed to build up on the container wall by use of incorrect tooling, such as a 
damaged or incorrect size dummy block or a misaligned press container and stem, then parts of 
the container coating may eventually be detached and drawn into the extrusion. This may result 
in small surface or sub-surface streaks resembling pickup, and may sometimes be associated 
with die lines and micro die lines occurring anywhere along the extruded length.” 
 
From Defects Affecting Extrusion – Streaking Visible after Anodizing 

Light Metal Age, June, 2016, page 27. 
 

 
 
From Defects Affecting Extrusion – Inclusions from Billet Handling and the Extrusion 

Process 

Light Metal Age, June, 2017, pages 28-29. 
 

“Inclusions originating from billet handling or during the extrusion process almost always result in 

poor surface finish and sometimes in complete failure of the die or tooling. They can be metallic 

or non-metallic. Most of the time, once such inclusions come in contact with the die bearing, they 
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cause permanent damage resulting in a deep die line easily identifiable by the naked eye. As a 

consequence, increased die maintenance is required or tooling needs to be replaced.  

 

“These inclusions can originate from contamination during billet transportation, storage, and 

handling. Alternatively, damage to the tooling can occur, such as with flaking of the die's nitride 

case, dummy block erosion, or wash-out of the container liner (due to chemical reaction between 

aluminum and steel). During die maintenance, incomplete removal of caustic residue (Al and Al 

oxide), sand blast media, and abrasive flow machining media can cause surface finish problems. 

Other contaminants such as concrete dust and steel or plastic brush fragments can become 

embedded in the billet surface. 

 

“Dummy Block Erosion and Wash-Out of the Container Liner: The alignment of the stem, 

dummy block, and container are fundamental to achieving a balanced metal flow through the die 

and to prevent steel tooling erosion. Figure 7 illustrates a steel particle with a shape suggesting 

interaction between dummy block and liner bore. EDX spectrum analysis of the steel reveals a 

composition of Fe, Cr, Mo, V, Si, and C. The peaks were characteristic of H13 steel composition. 

The defect, therefore, comes from the press tooling. After investigation on the press, the particle 

was confirmed to have come from the liner. It could have also come from the dummy block 

(floating or loose) as the steel composition is identical; however, one would hope this would be 

observed during the regular changing of blocks. Container temperatures are typically controlled 

around 400oC and the liner surface is near 500oC during extrusion. After a typical life of a year, 

the combination of time and temperature can be long enough for a Fe/Al intermetallic to form, 

which can explain the presence of a thin intermetallic layer on these types of inclusions. 

 

“Once one starts to question the condition of the liner surface, one is introducing the possibility of 

all sorts of defects. Wash-out of the liner means billet skin is being retained in the container. 

Although the billet skin tends to emerge primarily with coring, it can also appear at any stage of 

the process; and once it enters the die, it will come out in the extrusion at some point. Hence, it is 

recommended that a clean-out block be used frequently in order to maintain a clean liner that is 

free of aluminum oxide build-up. In addition, regular checks should be carried out on the 

container alignment and of the liner condition to check for excessive wear. 

 

“The skull thickness is approximately 0.25 mm, depending on the exact diameter of the liner and 

fixed dummy block. Ideally, a "best practice" operation should run a clean out block at the 

beginning of each shift and prior to an alignment check. It is also recommended to do a check 

when switching alloys from a medium strength alloy (i.e., 6061) to an alloy being used for high 

quality surface finish products. There is also a benefit to monitoring on a weekly basis how much 

skull is removed and the uniformity and distribution around the liner. The data obtained regarding 

dummy block clearance, alignment, and whether the liner is "bellying" (i.e., a blister issue) 

becomes vital information to maintain good life expectancy. Regular weighing of the skull is also a 

very good way of controlling the wear and functioning of both the dummy block and liner.” 
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Alignment Principles.  The geometric or dimensional aspects of an extrusion press are 

fundamental to proper press alignment, which is required for maximum production quality and 
minimum downtime.  The press should be installed according to the original manufacturer’s 
specifications, especially with respect to tolerances.  If their instructions and recommended 
procedures are carefully studied, the ideal 3-D geometric relationship of the press components 
can be determined.  In general, the main 3-D geometric relationships of the static components of 
a simple extrusion press are as follows: 

• the press base or bedplate should be level with respect to gravity, and the relevant 
contact points should lie in a flat plane. 

• the back or resistance platen should be fixed perpendicular and the front platen located 
perpendicular to the base, with both platens parallel to each other. 

• the pressure ring bushing should have its hole centered in the front platen with its front 
surface flat and parallel to the front platen. 

• the guide ways for the crosshead and container should be straight and parallel 
longitudinally to the base, and should be symmetrically spaced about the press center 
line with the correct dimensions. 

• the main cylinder, bearing bushing, flange, and ram piston should be concentric and 
centerd on and perpendicular to the back platen. 

• the crosshead should be center-mounted on the ram and fitted with a straight and 
centered extrusion stem perpendicular to the back platen. 

• the press center line is the line joining the platen centers, and all the platen-centered 
components should lie on this line. 

• the geometric center lines of each of the four machined tie rods or columns should be 
parallel to and symmetrically located about the press center line so that their mean is 
parallel and lies on the press center line. 

 It is clear that, as more components are added, a more complete 3-D model is built up 
equivalent to the original design drawings and, with the specified tolerances and critical 
dimensions, that this is the mathematical inspection template used during measurements for 
compliance of any of the press components. 

Similarly, the 3-D geometric relationships of the moving components of the press are as follows: 

• the ram piston and the extrusion stem move along the press centerline over their full 
stroke. 

• the center line of the container bore is coincident as it moves along the press center line 
from its open to closed position, under container pressure and during various extrusion 
loads. 

• the centerline of the tooling stack is coincident with the press center line in its closed 
state, under container pressure and during various extrusion loads. 

• the billet loader positions the billet so that its centerline matches the centerline of the 
container and stem before it is loaded into the container. 

 These relationships must be correct when the press is at operational working 
temperature to allow for thermal growth effects. The above also implies that some sort of 
monitoring process of the major press components should be carried out during the various 
operational load and event conditions of ram and container pressure and extrusion. 
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Alignment Procedures Using Traditional Mechanic’s Tools 

 The procedures and frequency for press alignment will vary according to the press design 
and condition and the quality control procedures of the plant.  The original recommendations of 
the press manufacturer, if available, should always supersede the procedures described below.  
However, in the absence of complete alignment instructions from the press supplier, these will be 
helpful in setting up an alignment program. 

Press Alignment procedures may be divided into two parts: 

• Alignment of the main press frame and components, which must be carried out very 
precisely when the press is first installed; again after any period of neglect, for example, 
when beginning a new program of regular preventive maintenance; and rechecked 
periodically thereafter. 

• Routine re-alignment of wearing 
components, which frequently vary due to 
steady wear and tear or replacement of 
components. 

 Laser alignment tools and methods are 
emerging as the best technology for quick and 
accurate press alignment, often replacing the 
mechanical devices used since the 1950’s.  At 
this time the laser tools may not be available to 
all extruders, so both types will be presented in 
this chapter. 

Recommended Tools 

The tools recommended for performing press 
alignments may include the following: 

Machinist’s Level.  A precision type level, it 
should have minimum 10-second accuracy (one 
division equals 0.0005 inches/foot or 
0.004 mm/Meter).  Do not use on 

hot surfaces! 

Surveyor’s Precision Optical 
Level (Transit).  Typical accuracy is 
0.0001 inches/foot. 

Laser Level (1, 2 or 3 Plane).  (Now 
commonly used in place of transit.)  
The 2- or 3-plane lasers will require 
fewer set-ups to complete the 
leveling. (Figure 2-2) 

Trammel Rod.  These are custom-
built devices designed for measuring 
the distance between platen flanges 
(or between tie-rod nuts).  A steel or 
aluminum tube is fitted with an inside 
micrometer or dial indicator on one 
end, and a spherical-ended pin on 
the other (see Figure 2-3).  For 
accuracy, the trammel rods must be 
designed and supported to avoid 
deflection from their own weight; and 

Figure 2-3: Trammel Rod device. 
 

 
Figure 2-4: Container Taper Gauge 

 
 

Figure 2-2: Three-plane laser level 
(See www.hamarlaser.com) 
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insulated to avoid expansion from heat transferred by the press container heat. 

Container Taper Gauges.  Custom-made gauges as shown in Figure 2-4 are fabricated of an 
easily-scribed material such as aluminum, about 6 inches long with angle taper slightly greater 
than the taper of the container inlet or taper seal taper.  Scribed marks indicate the accuracy of 
ram centering within the container. 

Adapter Blocks for 
Angled Guideways (two 
required).  For presses 
equipped with angled guide 
ways, these custom-made 
adapter blocks (Figure 2-5) 
provide proper reference 
points for leveling of the 
press frame. 

Piano Wire (or Music 
Wire).  Diameter 0.4 mm to 
0.5 mm (0.015” to 0.020”); 
tensile strength 250,000 to 
500,000 psi (1700 - 3400 
N/mm2). 

Fixtures for Piano Wire Tensioning.  Use of music wire for locating the press center line may 
be simplified by use of  custom-made fixtures as shown in Figures 2-6 and 2-7, for tensioning and 
positioning the wire at the press platen and ram stem. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 
Figure 2-5: Adapter Block for Angled Guide Ways. 

 

 
Figure 2-6: Alignment with piano wire 

 

 
Figure 2-7: Fixtures for alignment with piano wire. 

 



Press Alignment - Chapter 2 

2-18  

 

Precision Tube Fixture.  Alternative 
alignment techniques may use a 
custom-machined tube, along with 
fixtures for the press platen and ram 
stem, as detailed in Figure 2-8. 

Base Centerline Fixtures.  Another 
system uses precisely located holes 
in the press base, along with special 
fixtures as detailed in Figure 2-9. 

Dummy Dies and Tooling Stack.  
An alignment  tooling stack with an 
appropriate center hole (Page 2-11) 
is used for checking centering to the 
container, stem, and pressure plate.  
An alternative type of dummy die 
with precision scoring (shown in 
Figure 2-12) may be used to quickly 
measure tooling-to-container 
alignment. 

The following additional standard 
measurement tools are 
recommended: 

Dividers*, Calipers*, and 
Hermaphrodite Calipers* 

Precision Square* 

Straightedge* (typical 8 feet long) 

Plumb Bob* 

Feeler Gauge* 

Note: the items marked (*), plus the music wire, machinists level, surveyor’s level, and inside 
micrometer for trammel rod, are generally available from tool suppliers; for example, from 
McMaster-Carr Supply Co., PO Box 4355, Chicago IL 60680-4355, Telephone 630-833-0300, 
Fax 630-834-9427, www.mcmaster.com.

 
Figure 2-8: Precision Tube Fixture 

 

 
Figure 2-9: Fixture for Base Centerline Method 
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Alignment and Leveling of the Fixed Press Components 

 The press base must first be square and level.  When first installed the press base is 
usually set on shim packs on top of the press foundation, leveled, and then grouted in place.  
Normally, ½” to 1½” of grout is used.  Anchor bolts should be tightened against the shim packs, 
which are located on both sides of each anchor bolt to avoid distortion of the frame.  Leveling 
accuracy is normally 0.0005 in/ft (0.04 mm/meter). 

 With the passage of time, it is possible that the press base is no longer level.  Possible 
problems include: 

• settling of the foundation or the soil underneath 

• deterioration of the foundation 

• deterioration of the grout 

• loose anchor bolts 

• environmental conditions 

• modification or mechanical damage to the press frame 

 Before leveling the press base, the condition of the grout and foundation and the 
tightness of anchor bolts should first be checked.  If necessary, remove the grout; re-level and 
shim the base; re-tighten the anchor bolts; and re-grout.  If the levelness continues to change due 
to foundation deterioration or settling, consult a geotechnical engineer concerning modern 
techniques of foundation repair, such as pressure grouting and grout pilings.  Once correctly 
adjusted and stabilized, re-checking of the press base should not be required except at infrequent 
intervals unless there are unusual foundation problems. 

 It is also important to insure that tie rod nuts are tight and that the tie rods and nuts are 
not cracked.  Any looseness will affect measurements. 

1.  Level the Press Base in all directions.  Check the level lengthwise, then across the base, 
and then diagonally both ways (left front to right rear, right front to left rear).  The desired variation 
from true level is maximum 0.0005 inches/foot (0.04 mm/meter).  Re-level the base if it exceeds 
0.0030 in/ft (0.25 mm/M) from true level. 

 The guide ways are the preferred reference points for leveling.  In case of angled 
guideways, use the Adapter Blocks for Angled Guideways (Figure 2-5) to establish horizontal 
surfaces for use in leveling. 

 Measure 12 to 14 points along the length of each guideway.  If using a laser level, 
measure along both the inside and outside of each way.  First choose one way as a reference 
plane and then measure all other points against the reference. 

2.  Level and align the Main Cylinder.  The platen or flange portion of the main cylinder must be 
perpendicular to the guideways and the centerline of the press base, and parallel to the front 
platen.  To measure, place a precision square on the machined front surface of the platen, and 
check the horizontal leg of the square with the machinist’s level.  Maximum allowable variation 
from perpendicular: 0.0005 in/ft (0.04 mm/meter). 

 If using a 3-plane laser, measure the angle between the reference guide way and the 
main cylinder and front platen, in order to determine their squareness to the reference guide way. 

 Another important check: extend the main ram just far enough to accommodate the 
machinist’s level on the ram surface (about 18”).  At this point the main ram should be fully 
supported by the main ram bearing bushing.  The main ram should be level to the same 
tolerance: 0.0005 in/ft (0.04 mm/meter).  If the main cylinder’s platen surface is perpendicular and 
the ram is not level, the main ram bearing bushing is likely worn and may require replacement.  
The guide shoes of the moveable crosshead should just be touching the guide ways in this 
position. 
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 On some presses the perpendicularity of the main cylinder platen may be adjusted by 
jacking and shimming the rear cylinder support. 

3.  Check the levelness of the tie rods.  Check the level in both directions -- along each tie-rod 
and across both the top and bottom sets of tie-rods at each end.  The tie rods should be level to 
the same tolerances as the press base: 0.0005 in/ft (0.04 mm/meter). 

4.  Check that the Front Platen and Main Cylinder Platen are parallel.  Distance between the 
two platens should be measured at each tie-rod, with the container at operating temperature.  
Measurement is made with the trammel rod (Figure 2-3), always measuring between machined 
surfaces.  In some cases it may be easier to measure between the inside tie-rod nuts; in this case 
you will always measure the thickness of the nuts with a micrometer and add these dimensions to 
the trammel rod measurements. 

 Always support the trammel rods from the tie rods with “S” hooks to avoid deflection, and 
insulate the rods to avoid expansion due to heat from the container. 

 Maximum variation will depend on manufacturer’s recommendation; in absence of this 
information, the maximum allowable variation between tie-rods should be ±0.003 inches 
(0.075 mm).  This measurement should be repeated under both no-load and loaded conditions. 

 Newer presses may have the tie rods encased in sleeves, which are machined to exact 
dimensions.  In this case, the platens should always remain parallel, and it is not necessary to 
check the “tram.” 

5.  Check the pre-stress of the tie-rods.  Follow the press manufacturer’s instructions for 
loosening the nuts and adjusting the prestress of tie rods.  In the absence of such manufacturer’s 
instructions, the following general procedure may be useful: 

 Prestressing of tie rods is usually accomplished by raising the press tonnage to 10% 
above the rating, using the main ram to stretch the rods, and then tightening the inside nuts and 
locking them to retain the prestress. 

 The inside nuts should remain tight, even under full load, and should not allow insertion 
of even a 0.001 inch feeler gauge (0.025 mm) between the nut and flange.  Likewise when the 
load is relaxed there must be no clearance between the platen and outside nuts.  With sleeved 
tie-rods, no space is permitted between the sleeve and platen.  Any such space indicates a loss 
of pre-stress and requires re-torqueing of nuts and rechecking of squareness. 
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Alignment of the Moving Press Components 

 The so-called “dynamic” press components are cycled many thousands of times in a 
typical month and so are subjected to wear, as well as to heating and mechanical shocks.  
However, while your press has grown older and wear has accumulated, your customers’ 
demands for profile tolerances and wall thicknesses have become more difficult.  Alignment 
between container, die, and platen pressure ring are more critical than ever.  Following are the 
recommended procedures: 

1.  Check the level and alignment of the main ram and ram stem.  Check that the main ram 
remains level and aligned with the press centerline (in the plan view) throughout its travel.  On 
most presses adjustment is made through the guide shoes of the moveable crosshead.  It is 
recommended to check at least 3 points of the travel.  Level may be checked on the main ram 
with the machinist’s level or the surveyor’s level.  It may also be checked on the ram stem after 
determining that the ram stem is both straight and parallel with the ram, and that the stem 
retention devices are properly tight. 

 Alignment in the plan view (left/right) is checked by first establishing the press centerline 
with a piano wire and using a plumb bob at three points along the ram stem travel. 

 If using a laser level, attach a receiver to the ram and track it throughout its entire stroke.  
The stem can then be tracked in the same way. 

2.  Check the alignment between the front platen pressure ring, die stack/die changer, 

container, and ram stem.  There are several different procedures and fixtures for you to choose 
from, for measuring the relative alignment of these elements.  You will probably use a 
combination of the following: 

A. Aligning moving components with laser.  The laser can be used to find the center 
of the die stack in relation to the pressure ring opening.  A clear die stack such as the 
alignment tool stack will make placement of the receiver units easier.  In a similar manner 
the stem’s centerline may be checked relative to the pressure ring and tooling stack; 
check it at various positions for the stem.  Finally, the centers for the front and rear of the 
container may be checked if cold – if hot the laser beam will be distorted and inaccurate!  
For this check the sender is placed in the container bore and the receiver on the stem. 

B.  Locating the die stack position by use of an Alignment Tool Stack:  While it is 
theoretically possible to measure the die location from the surfaces of the die carrier or 
die changer pocket, in practice it is recommended to use an alignment tool stack (pages 
2-11 and 2-12) for more accurate measurement of centering.  In every case, you should 

check both sides of the double die slide, or both die carriers if fitted with unistation 

or rotostation die changer. 

C.  Locating reference centers with the Piano Wire method:  You should have already 
established the correct alignment of the ram stem and front platen.  Next a piano wire is 
placed in tension along the press centerline, according to Figures 2-6 and 2-7.  The 
special Front Platen Centering Fixture and Ram Stem Anchor Plug are installed and used 
to apply tension to the piano wire and establish the center reference for checking 
alignment of the die stack/die changer and container. 

D.  Locating reference centers with the Precision Tube fixture:  The Precision Tube 
Fixture shown in Figure 2-8 may be used to establish reference centers for alignment of 
the die stack/die changer and container.  The wall thickness of the precision tube is 
selected to insure minimum normal sag even after it is machined and ground for 
straightness.  For example, a 4-inch OD tube (100 mm) with wall thickness 0.250 inches 
(6 mm) will sag only about 0.001” (0.025 mm) in a length of 9 feet (2.75 meters). 

 The tube is fitted with end plugs that have locating centers as shown.  Fixtures 
are shown for supporting and aligning the precision tube at the ram stem and front platen.  
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Note that the centering fixture for the front platen is fitted with an adjustable stiff spring, 
which accommodates expansion of the tube due to heat from the container. 

E.  Locating reference centers with the Base Centerline system.  This method 
creates two precisely located holes in the press base, which are then used for accurate 
placement of a special taut wire system for checking centerline distances (figure 2-9).  
(Some press bases may not be suitable for this method, depending on the design of the 
press base.) 

 To establish the base centerline, the tie-rods are used as a reference and a taut 
piano wire is wrapped in criss-cross fashion as shown in Figure 2-10.  Then a plumb bob 
line from the intersection of the crossed 
wires is used to locate centerline points 
on the press base.  Two holes are drilled 
and reamed at these points: one 0.50 in 
(12 mm) and the other 0.75 in (19 mm).  
The two surfaces used for these holes 
should be approximately level with each 
other.  Special wire holders (as shown in 
Figure 2-9) fit snugly into these holes to 
establish a taut wire centerline. 

 One wire holder is adjustable for 
height, the other one for wire tension.  
The wire is brought to true level, 
tolerance 0.0005 in/ft (0.04 mm/meter); 
level may be quickly determined by 
placing a straightedge across the wire 
holders and using the machinist’s level.  
(The vertical distance “D” from the wire 
to the leveling surface should be 
machined the same on both wire holders.) 

F.  Checking clearance between Container and Ram Stem with taper gauges.  The 
aluminum taper gages shown in Figure 2-4 are used as illustrated to check centering of 
the ram stem within the container opening.  The gauges should be placed on the ram 
stem surface and against the 
container opening.  The point of 
contact with the container opening, 
as compared with the inscribed 
marks, is checked at 4 points 90o 
apart around the ram stem.  
Clearance between ram stem and 
container should not vary more 
than 0.020” (0.5 mm) around the 
stem.  This clearance should be 
checked at both ends of the 
container. 

 Note: similar taper gauges 
may be used with the Precision 
Tube Fixture system described 
above. 

G.  Reference Dimensions for 

the Container Centers.  Because 
the actual openings of the 
container may contain nicks and 
irregularities, it is recommended to 

 
Figure 2-11: Locating the container centerlines 

 

 
Figure 2-10: Locating the Centerline of the 

base 
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locate reference measurement points on the container faces.  A center punch is used to 
locate reference marks at fixed distances from the actual center, on both the vertical and 
horizontal axes.  Reference points should be marked on both the front and back 
container faces.  Measuring from these points to the taut wire or precision tube described 
above is much easier and more accurate. 

3.  Adjusting the Alignment of the Container and Tooling Stack.  The target alignment 
accuracy between the container and tooling stack in all directions is ±0.020” (0.5 mm).  Caution: 
when using taper seal dies, exact vertical alignment is desirable, but the container should never 
be below the die centerline, in order to avoid upward thrust loads to the die stack and die carrier. 

 Adjustment procedure varies according to press design, and there are many different 
systems.  The die stack must be at operating temperature.  Most commonly, the die stack is first 
adjusted to match the pressure ring.  Lateral adjustment is made by moving the threaded stop of 
the die changer.  (Unistation and rotostation changers use a single stop for both die carriers, so 
this adjustment is made easier and more accurate.)  Adjusting the die position vertically is more 
difficult; while a few presses have built-in adjustment, on most it is necessary to vertically shim 
the guide ways or “gibs” of the die changer. 

 Next the container must be adjusted to align with the die stack and also the ram stem.  
Once again, the container and die stack must be at operating temperature.  Container adjustment 
is made with the adjusting screws on the guide shoes.  Presses with center guides (top or 
bottom) and “X” or angled guide ways pose the greatest problems in making accurate 
adjustments, due to difficult access and the indirect nature of angular adjustments.  Consideration 
should be given to retrofitting the press with guides which permit “logical” vertical and horizontal 
adjustments.  (See page 2-15 and also Chapter C: Modernizing Older Presses.) 

4.  Alignment of the Butt Shear.  On smaller presses (below 1800 Tons), the shear adjustment 
should place the shear blade 0.020” to 0.025” (0.5 to 0.6 mm) from the hot die face.  On large 
presses this clearance may increase to as much as 0.125” (3 mm).  However, the dimensions of 
the die stack must first be standardized and the position precisely assured by the position and 
dimensions of the die carrier or die changer pocket (and clamp if available). 

 While many press operators operate with greater clearances, due to sloppy die 
dimensions and worn or loose parts, the result is a great risk of mechanical failures or collisions, 
and failure of the butt to separate from the blade properly. 

 The method of adjusting blade clearance varies according to the press design, but 
normally it is required to add or remove shims between the blade and its holder to achieve the 
necessary dimensions. 

5.  Alignment of the Billet Loader.  The container, ram stem, and fixed dummy block must all be 
at operating temperature.  Alignment accuracy of ±0.020” is recommended.  Preliminary 
measurements may be made by any of the alignment systems described previously, but should 
then be checked with an actual billet or full-size dummy billet, and with the container in the sealed 
position.  The means of adjustment varies according to the design of the billet loader and press. 

 Alignment should take place with the loader raised to the loading position, then blocked in 
place with a heavy timber in case of power or control failure.  Presses which still use loose 
dummy blocks should be checked with a loose block on the billet loader. 
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Use of the Alignment Tool Stack1 

 

The advantage of having an alignment tool stack is 
the ease that is made of checking press alignment, 
the die stack alignment to the pressure plate bore 
and the stem alignment to the container bore. 

The alignment tool stack is made to the same 
outside dimensions as the die stack and bolster 
stack.  The bore is made to the same internal 
dimensions as the container bore and the pressure plate hole. 

When the alignment tool stack is sitting in the die holder with the container sealed, you can look 
through the platen hole and check the alignment of the container to the die stack. 

The stem should then be brought forward without the alignment tool stack, to the entrance of the 
container, and held so that the stem can be checked for alignment to the container bore.  The 
stem should then be brought forward to the end of the stroke.  It should be on center all the way 
through the container.  If not, the stem is out of alignment. 

Press Alignment 

Most often the problem is not a single one, but a number of small ones which add up to a major 
problem. 

Problems with press alignment can often start from the press foundation and bed, which can 
move over time from normal use.  Foundation bolts and shims can become loose, allowing the 
press to shift. 

Some presses are supplied with a pair of alignment blocks.  In this case, the ways are on an 
angle and the alignment blocks can be placed on the ways with a straight edge and machinery 
level.  This will soon tell the story (of course, more efficient lasers can be used if available). 

Should the bed of a press be out of level, problems will multiply as you proceed with alignment. 

                                                           
1 Pages 2-12 and 2-13 are taken from Castool Bulletin “Alignment Tool Stack.” 
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The tie rods should be checked and maintained within .005" (.127 mm) in all directions. 

The main ram (with level bed) should be moved out approximately 30" (750 mm) and a 
machinery level placed on top of the ram. The ram can then be leveled with shims under the 
main ram shoes. If the stem is not level, both the crosshead pressure plate and the stem should 
be checked. 

With the alignment tool stack installed in the die slide, align the pressure platen hole and 
container bore to the alignment tool stack.  If you have misalignment between the container and 
the alignment tool stack, check the die changer for height and the base of the die changer for 
level. 

The alignment tool stack should then be removed from the die carrier and the stem moved 
forward and centered to the container bore (a taper wedge is useful for this purpose).  Looking 
through the platen, the stem should then be moved slowly through the bore of the container; it 
should be in the center of the bore all the way through. 

After the stem is aligned, align the billet loader so that the plates are approximately 0.020" 
(5mm) above the bottom of the container bore. 

The face of the stem should be checked for mushrooming.  If mushroomed, the stem must be 
stress relieved, checked for cracks and machined. 

The extrusion cycle should also be checked. The container should only open 3/4" to 1" (20 to 25 
mm) before the main ram starts to retract. This is usually accomplished by adjusting limit 
switches.  This will reduce the damage caused to the alignment tool stack and container face 
during the ram return. 

Many problems are caused by aluminum build up on the sealing face of the container or the die.  
This may be due to poor butt shear adjustment, bad loader alignment, or a butt lodging between 
the container and the die which forces the container to move.  A tilt switch can be installed to 
stop serious damage to the stem and the loader if this occurs. 

Another area which should be examined is the main ram bushing and the main ram packing.  If 
there is wear in this area there will be signs of oil leakage and the stem will be out of parallel.  A 
short term solution is to rotate the bushing 180o. 
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Quick Checks of Press Alignment 

 Following are two procedures which may be used for quickly checking alignment between 
the press container and die stack, for example, in the case where daily monitoring of alignment is 
desired. 

1.  Checking alignment of Container with Die Stack by means of a Scribed Blank Die.  A 
fast check of the most critical alignment -- between the die and container -- may be made with 
only a brief operating pause, by means of the Scribed Die Blank as shown in Figure 2-12.  The 
special die is loaded into the die changer and used with a 2-inch thick (50 mm) billet slice, which 
may be hand loaded into the container (cold).  After suitable press tonnage is applied to the 
blank, the upset billet slice is retrieved and set aside for measurement.  Centering is easily 
measured at the peripheral ring and “cross-hairs”.  Each die carrier or die slide pocket should be 
checked in the same manner.  Due to the quick nature of this test, it may be conducted daily, 
according to the sensitivity of production requirements to tooling alignment. 

2.  Checking alignment 

between Container and Die 

Ring by means of a cardboard 

imprint.  With this method, a 
sheet of cardboard is placed by 
hand between the container and 
die stack; mark the top position 
for the sake of orientation. Close 
the container onto the cardboard 
and then reopen it.  The result 
should be circular impressions 
on each side of the cardboard, 
from the container opening and 
die ring.  Next the cardboard is 
taken to the office, where the 
centers of both circles are 
located by geometry, using a 

 
Figure 2-12: Scribed Dummy Die for Fast Check of Alignment 

 
 

 
Figure 2-13: Comparing the centers of the container and die 

ring 
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compass (see Figure 2-13).  By passing a pin (or compass point) through the cardboard at one of 
the centers, it is possible to measure the misalignment, if any, between the two circles. 

 

Continuous Electronic Monitoring of Press Alignment 

 Various systems have been developed to continuously monitor press alignment, either to 
provide a read-out of alignment or to activate an alarm when pre-defined limits are exceeded.  
This is a difficult application due to space limitations and the generally hostile environment around 
the extrusion press.  The heated air around the press container has adverse effects on laser and 
optical systems, causing the light rays to shimmer and bend.  Airborne dirt and potential physical 
abuse also affect long-term reliability of such systems2.  Most of these monitor container 
alignment only.  They often use a precision bar rigidly mounted to the container, and monitor its 
movement with precise electronic switches or encoders.  Some examples: 

• Some press manufacturers now install a fixture to the container and monitor its 
movement with a Balluff position encoder. 

• Others use Linear Variable Differential Transformers (LVDT) to measure container 
position through contact with the guide ways.  An accurate position is then available on-
the press controller screen. 

• Freese3 proposed a system of as many as eight LVDT devices mounted on air cylinders 
at 45-degree angles to the vertical.  The cylinders are actuated periodically to bring the 
LVDT’s in contact with the container holder.  Sensor readings are converted to X and Y 
components and compared to reference data for the same points. 

 For further information, the reader is referred to the referenced paper. 

 

 

The following comments on alignment of dynamic press components are adapted from the 
referenced paper by Mulder and Smith4: 

 Optical tooling uses powerful alignment telescopes to obtain precise reference lines and 
reference planes from which accurate measurements are made with optical micrometers, optical 
tooling tapes, optical tooling scales, and micrometer measuring rods5.  This orthogonal measuring 
system was developed for the aircraft industry during the war but has now been rapidly 
superseded in many industries by faster modern technology.  For press alignment, an alignment 
telescope is mounted in the egress hole of the front platen to establish an optical center line, and 
a target on the ram stem is sighted in three positions along its motion.  This system provides its 
alignment check of the stem and of the main ram, assuming the stem is straight and parallel with 
the ram.  The telescope line of sight is set using either the bore in the die pressure ring or the 
intersection of cross-wires in two places made by the intersection of a taut wire criss-cross 
configuration over the tie rods (tie-rod referenced centering, see figure 2-10). 

Limitations are that the bore is often badly worn and not parallel, and the tie rods center 
reference may be from asymmetrically spaced rods or may not be on the center line. 

  

                                                           
2 Freese, Howard W., ibid. 
3 Ibid. 
4 Mulder, Joseph E. V., Ibid. 
5 Kissam, P. (1962) Optical Tooling, McGraw-Hill, NY. 1962 
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Modifying the Press for Easier Adjustment of Alignment 

Many older presses (and even some new 
ones) are fitted with “X” guiding systems, 
which have angled guide ways and can 
only be aligned by trial-and-error 
techniques.  Ask the mechanic who must 
work with this type of guides and he will 
confirm: when you make an adjustment in 
one direction it causes an unintended 
movement in another direction.  Correct 
adjustment involves a series of 
approximations, usually until he becomes 
frustrated and quits.  Other designs use 
top or bottom center guides, which require 
that someone climb into the hot press to 
make adjustments; that is a dangerous 
and impractical job with the container at 
temperature, and if done cold the heat 
expansion must be “guess-timated.”  More 
often than not, center guides are left 
unadjusted.  The result is poor alignment, 
which affects dimensional tolerances of the 
profiles. 

 Many new presses now offer guide 
systems with “flat” or horizontal ways, so 
that all adjustments are in either vertical or 
horizontal planes.  As a result adjustments 
are more logical and can be made quickly 
by means of calibrated adjustment screws. 

 Typical conversions are shown in 
figures 2-14 and 2-15. 

  

 
Figure 2-14:  Conversion of container guides to flat 

type (Photo courtesy of Lake Park Tool) 
 

 
 

Figure 2-15:  Conversion of X container guides to 
horizontal (Photo courtesy of OMAV) 
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 Another design uses the same 
principle by installing “V” guides (Figures 2-16 
& 2-17).  As with flat guides, all adjustments 
are completely logical -- simple vertical and 
horizontal adjustments -- and are quick and 
accurate.  All changes are made from outside 
the press frame and may be made with the 
container at full operating temperature.  This 
system has been in operation for more than 
20 years on numerous presses and has been 
trouble free. 

 An improved guiding system is often 
installed together with a new one-piece 
container housing, which also improves 
alignment and makes it easier to use fixed 
dummy blocks. 

 X-guides may be converted to flat or 
V-type by welding or bolting on specially-
made fixtures. 

 

 

 

 

 

 

 
 

Figure 2-16:  Conversion of container guides 
to V-type for easier adjustment 

 

 
Figure 2-17: Container guides modified to V-

type 
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Reprinted with permission from the Proceedings of the Eleventh International Aluminum 

Extrusion Technology Seminar, published by the Aluminum Extruders Council. 
 

Laser Tracker Measurement Technology for the Alignment, Correction, 
Condition Monitoring, and Refurbishment of Extrusion Presses6 

 

Joseph Mulder, ADS - Advanced Dimensional Solutions Pty Ltd, NSW, Australia 
 

 
ABSTRACT – Previously published methods of extrusion press alignment made use of traditional 
mechanics’ tools such as precision levels, piano wire, micrometers, and various jigs and fixtures.  
Alignments were not made with the press under load, nor at operating temperature.  More modern 
methods of measurement are desirable in order to improve accuracy and to take readings under 
actual operating conditions.  Advances with surveying instruments began by using triangulation 
(intersection) with digital theodolites systems.  In this paper, the latest methods using 3D Laser 
Tracking technology are presented.  Additional benefits of this system have been identified, 
including:  improved profile tolerances; significant production improvements; dummy block wear 
significantly reduced and total failures eliminated; longer container liner service life; noticeably less 
wear to ram and container guide-way bronze wear strips; and stem replacements minimized.  Some 
observations are made regarding press establishment, press benchmarking, and the combined 
tolerances and error propagation effects for press frame alignment. 
 

Background:  Traditional Alignment Methods and Tools 
 
 Press alignment is important for smooth mechanical operation and avoidance of wear to 
press tooling and components.  Improper alignment also affects the flow characteristics of 
aluminum through the ports of extrusion dies. 
 
 Traditionally, extrusion press alignment has been performed by use of mechanical tools 
and devices such as piano wire, precision levels, micrometers, and special jigs and fixtures (1).   
Alignments are necessarily performed with the press static and cold, not at full load or typical 
operating temperatures.  Also, today it is not easy to find mechanics with the skills to perform 
precision mechanical alignments. 
 
 For many press operations, alignments using these methods and tools and under these 
conditions are adequate for the operations and products involved.  However, extruders who 
require greater precision (to achieve higher-grade quality product or during critical press 
upgrade/refurbishment), and who wish to maximize the life of press components and tooling are 
often in search of alignment methods that use the latest measurement technology available 
today. 
 

Early Alignment with Technology: 
Brief Review of Measurement Technology Using Surveying Equipment 
 
 Technology presented at the ET 2000 Seminar(2) introduced a methodology for extrusion 
press alignment using triangulation (intersection) with digital theodolites systems.  This three-
dimensional (3D) coordinate measurement system introduced the first published precise way to 
perform extrusion press alignment in true 3D geometry relationship using surveying equipment.  
 Modern portable 3D coordinate measurement systems directly applicable to extrusion 
press alignment today are: 

                                                           
6 Mulder, Joseph,  “Laser Tracker Measurement Technology for the Alignment, Correction, Condition 

Monitoring, and Refurbishment of Extrusion Presses,” Proceedings of 11th International Aluminum 
Extrusion Technology Seminar, (2016), p.555-565. 
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1. Triangulation (intersection) with digital theodolites systems (now dated and less 

efficient) 
 

2. Articulated Arm PCMM (Portable Coordinate Measuring Machine) uses contact probing 
where line-of-sight technology is unsuitable, or where there is difficult or restricted 
access.  PCMM is unsuitable for full press alignment, but integrates well with Laser 
Tracker measurement. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  Articulated Arm also known as Portable Coordinate Measuring Machine. 
 

3. 3D Laser Tracker systems 
 

a. There is no doubt that 3D Laser Trackers are the most appropriate and 
efficient measurement systems for full press alignment and many other 
press refurbishment/rebuild projects requiring precision measurement. 
 

b. Additional technology and features such as handheld probing, scanning, and 
machine control products have increased the efficiency and flexibility of laser 
trackers in their applications. 
 

4. There are several other portable 3D technologies that can be mentioned here to provide 
a more complete view.  Many of these are based on laser radar scanning and 
photogrammetric principles using machine vision systems, high-speed cameras using 
integrated and structured light and automated metrology.  They are more applicable in 
manufacturing inspection, control of mechanical parts, automated measurement 
applications, shop floor and production in-line assembly processes, and manufacturing 
multiple parts in repetitive work conditions.  Data acquisition includes high-volume point 
clouds from scanning systems and high-resolution digital images from close-range 
photogrammetric systems(3).  

 
 The focus here is Laser Tracker Measurement Technology for extrusion press alignment 
and the precision measurement associated with press establishment, adjustment, and the 
refurbishment/rebuild phases; however, comments on traditional/conventional measurement 
systems will also be made as appropriate. 
 
 This 3D Laser Tracker technology has been specially adapted to provide the specialist 
measurement service for the alignment of extrusion presses.  The system and techniques provide 
a combined 3D inspection model by measurement of static and moving press components with 
the press under operational conditions (i.e., heated container, static, loaded under full extrusion 
pressure, and monitoring of dynamics).  That means that thermal growth and load/pressure, 
stretch/distortion effects can also be measured, quantified, or taken into account. 
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 Many extrusion plant managers who faithfully carried out traditional alignment methods 
were unable to determine the real problem until their press was measured in 3D as a full press 
alignment.  Traditional and optical measurement processes will not pick up 3D misalignment 
problems such as platen skew/rotation, main ram misalignment to fixed platen, various press 
component concentricity issues, nor do they necessarily measure under operational conditions or 
during actual extrusion. 
 
Ultimately, a Press needs to be Perfectly Aligned at and during Actual Extrusion 
 
 Note that the routine (in-house) maintenance alignment checks of the press centerline 
components or the tie-rod strain checks are highly dependent on the assumption that the whole 
press is correctly aligned (initial state of condition monitoring).  Press centerline component 
alignment and concentricity checks including:  the ram centerline (piston retracted, balanced and 
out positions); ram to crosshead to stem interface (stem bolster, stem clamp, stem pressure 
plate), and ram stem centerline must all be aligned/concentric with the press centerline.  Then, 
the stem to container liner centerline to die stack (faces/cones) to pressure ring must be 
concentric and parallel. 
 
 Vertical alignments (slopes) are easily compared with machine levels.  Vertical and 
horizontal offsets and horizontal deviations are not as simply determined with manual 
conventional methods.  It has become more obvious that the 3D Laser Tracker alignment 
technique can significantly improve extrusion press efficiency, and is the superior method of 
correctly diagnosing and quantifying all misalignment problems.  There are only a few 
measurement service providers worldwide that have applied 3D Laser Tracker technology 
specifically to extrusion press alignment.  There are also some large maintenance engineering 
workshops and machine engineering companies with in-house laser tracker systems that they 
use for press alignment and precision measurement of press components when servicing the 
extrusion industry. 
 
 Note that measuring extrusion presses with this technology is not trivial, and requires 
very extensive knowledge and experience of both the measurement system and the extrusion 
press design and operational processes.  This specialist measurement service for the alignment 
of extrusion presses is not something that can be readily duplicated, even if a laser tracker 
measurement system is available.  Also, the extremely harsh conditions and environment 
associated with measuring an operational, especially older press, to achieve overall 3D standard 
errors of 0.025mm (0.001in) is near to standard system limits.  Constraints include restricted, 
congested, and difficult access to relevant press components, worn/unclean surfaces, 
surrounding instability, vibration, harsh fully operational extrusion conditions, and safety. 
 
 So why and when has this 3D Laser Tracker full press alignment service been utilized?  
The main reason why is because there are unresolved issues with product or equipment.  
Product inconsistencies and changes have a variety of causes ranging from press misalignment, 
to component and tooling condition/wear/fatigue, to type of product, to correct procedures not 
being adhered to.  Often, many maintenance management strategies have been exhausted and 
suspected misalignment must be eliminated.  

 
 Press misalignment affects product, especially eccentric-wall tube, causing inconsistent 
profile and product outside tolerances.  Press frame and press component alignment tolerances 
need to be even tighter when upgrading to achieve higher-grade quality product, and to achieve 
tighter product tolerance requirements.  Press equipment issues are caused by wear and 
deteriorating press condition with an aging press; ongoing problems - extrusion plant 
management having a persistent history of difficulties with the press, and by press centerline 
tooling being well out of alignment.  The geometric or dimensional aspects of an extrusion press 
are fundamental to proper press alignment, which is required for minimizing downtime and 
production wastage.  Additional alignment requirements may be relevant when piercers/mandrels 
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are involved, as they may affect the main ram alignment as well as contribute to tube wall 
eccentricity issues.  

 
Three-Dimensional (3D) Laser Tracker  

 
 
 
 
 
 
 
 
 
 

Figure 2.  Laser Tracker and Retro-reflector target 
 
 Laser trackers have been used in the aerospace and automotive industries for over 20 
years, and are now used regularly in many industrial settings where high-precision, large-scale 
industrial surveying is required for machine/component inspection, positioning, alignment, and 
dynamic monitoring.   A Laser Tracker is essentially a portable co-ordinate measuring machine 
(CMM) that can measure large machines/components in 3D to better than 0.001in (0.025mm or 
25microns).  It uses a laser interferometer and/or high-precision absolute distance meter to 
measure distance within 10microns, and two precision angular encoders to measure the zenith 
and azimuth angles.  The interfacing metrology software converts these polar coordinates to 
rectangular coordinates (X, Y, Z).  
 
 Hand-held spherical retro-reflectors are used to measure to individual points, or to scan 
whole surfaces.  Reproducibility of a coordinate is ±0.005mm/m (±0.005thou/in) within a 35m 
(115ft) sphere from a single instrument position.  By measuring to reference targets, multiple 
instrument locations can be accurately related to enable a large or complex extrusion press to be 
completely measured in a single 3D coordinate system.  The high-speed capabilities of the 
system mean that 1000 points per second can be recorded at a tracking speed of up to 4 meters 
per second.   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a)                                                                                            (b) 
 

Figure 3. a) Laser Tracker setup alongside the Front Platen of a 3-column extrusion press; 
and b) All the critical components of the press are measured in a single 3D coordinate 
system measured from a few instrument stations around the press. 
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Application of 3D Laser Tracking to the Extrusion Press 
 
 A principal advantage of modern 3D laser tracker technology is the ability to establish 
and maintain a high degree of precision measurement with the press at actual operating 
conditions of temperature and no-load/extrusion-load.  Typically, presses have been set up when 
new or after repairs and revisions, using conventional mechanical measurements that are taken 
without loading and at ambient temperature.  

 
Press Benchmarking (Condition Monitoring) 
 
 On large machinery that is in service, it is usually not possible to measure and align all 
components in a single outage.  Benchmarking of a machine with 3D laser tracker technology 
provides a snapshot of its dimensional and geometrical status. 
 
 A press benchmark assessment report provides an overall picture of misalignments, 
wear, and other operational issues.  An improvement program is then developed to progressively 
bring the press towards ideal efficient operational geometry.  Often, the remedial work and 
adjustments required can be carried out in a series of iterative improvement steps with 
conventional measuring tools during standard maintenance outages, or scheduled outages 
specifically for the remedial work. 
 
 Full press re-measurement after press adjustment is recommended, especially after 
significant iterative corrections, and after the press has bedded-in with a short period of 
production depending on what maintenance has been done.  This provides verification of correct 
adjustment, identifies the net result of the incremental changes and operational changes, and re-
establishes the benchmarking (initial state for condition monitoring).  Once known, further 
improvements can be made with confidence and can be monitored with micrometers and dial 
gauges without having to have the press measured again for some time.  Decisions to re-
measure the press should be self-driven and based on repeat cycles dictated by the press's 
condition, its maintenance program/history, and its production characteristics. Various extruders 
have found full press alignment reports invaluable for progressive improvements, and have even 
been able to extend the repeat cycle for full press measurement from two to four years. 
 
 Benchmarking allows the end users to compare performance over time for predictive 
maintenance, and to compare the performance of the equipment after repair or rebuild as a 
condition report.  Involvement of an independent extrusion press specialist (mechanical) is 
recommended to complement the alignment measurement, reporting, and press assessment.  
This provides added value to each project, with technical advice on the mechanical aspects for 
the various stages of professional extrusion press alignment services:   
 

• Pre-measurement press inspection and preparation to ensure it is fit for 
measurement  

• Press assessment to assist in interpreting the press alignment report by translating 
misalignments (what is misaligned and by how much) into actual press adjustments 
(how to mechanically adjust the specific press – sequence and locations of 
corrections and adjustment scheduling; machining, or replacement remedial work) 
and  

• Supervision of this remedial work when necessary.  
 
 Press drawings are not essential for determining press misalignment or geometry, though 
a general layout may be useful for planning.  Drawings are important post-measurement for the 
remedial/corrective phase to assess optimum adjustment locations, sequences, and procedures. 
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Full 3D Extrusion Press Alignment  
 
 It is recommended to do a full 3D press alignment biennially, after every major 
component replacement or press overhaul, after catastrophic failure/events, after traditional 
alignment and press has bedded-in, or when all other maintenance strategies have not resolved 
issues.  A full 3D press alignment is generally integral to establishing a dedicated alignment 
program as part of maintenance management.  It provides press history records for ongoing 
decisions on maintenance, and facilitates balanced decision making before making an 
investment. 
 

Press Frame Geometry and Alignment at Establishment 
 
 The correct establishment of a press is fundamental for trouble-free operation during its 
full life cycle.  A press not well (re)established or fully aligned may not show defects or problems 
for several years, but then maintenance issues will increase continuously.   Most new presses are 
installed by the supplier using traditional alignment methods for establishment.  Procedures 
include replicating factory pre-assembled press machined reference points/faces.   Many 
suppliers of OEM parts are now becoming more wary of having their work checked by a third 
party.  Understandably, new or replacement component suppliers are wishing to supply, install, 
and align their machinery to cover their warranties and to capture all aspects of the sale.  Supplier 
alignment methods may be traditionally based (one- or two-dimensional), rather than modern 
more accurate 3D measurement technology.  
  
The Pressure Ring.  This is the replaceable interface of actual extrusion with the press frame.  
When it is not parallel (worn, loose, or shifted) to the face of the front platen, this is equivalent to 
the front platen being misaligned (even if the rest of the press frame is dimensionally correct). 
 
The Crosshead and Container Slides and Guides.  These should be straight, parallel, and 
symmetrically spaced about the press centerline with the correct dimensions.  Horizontal and 
vertical alignment of angled ways/slides and uneven wear characteristics are readily located and 
quantified with 3D alignment.  
 
   

 
Figure 4.  Deviations of scanned points from best-fit Slide plane showing Flatness and 
wear profile. 

 
Press Foundations, Bedplates and Full Machine Base 
 
 Our experience shows that the majority of beds are either fitted incorrectly at 
establishment or have moved and subsequently deteriorated, due to subsidence, differential 
settlement, damaged grout, etc. 
 
 Press foundations ideally should be a single rigid block of concrete independent of the 
surrounding building floor/foundations, so that any ground movement/settlement/deformation will 
not have a differential effect on the base bedplates, and so the press frame stays intact and 
aligned.  Foundations may be specified by the machine vendor or manufacturer, and various 
design types are seen including block, box, wall/pit, framed, and even mezzanined.  From a press 
alignment viewpoint, the full press base (whether full or partial-stepped) beneath the press frame 
must remain inflexible for all operational cycles and natural events throughout the press lifetime.  

Slide Flatness/wear profile 

Crosshead slide Container Slide  
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Even if the foundation block tilts over time, the press remains aligned intact, though on a gradient.  
This situation is easily managed with 3D measurement systems, but will be more difficult with 
traditional measurement methods.  The issues with a non-gravity press during routine alignment 
checks can simply be remedied with an appropriate wedge (longitudinal and transverse) for the 
machine level.  Extruders often choose to reset the press to level during a major press 
overhaul/refurbishment.  
 

Deflection and Dynamic Monitoring 
 
 Deflections of any part of the press frame can be measured dynamically in 3D when 
moving the cross head and the container, under various loads and during extrusion.   These 
include static component foundation plates (especially during press assembly), back and front 
platens, pressure ring, front-insert piece, die stack, bolster, guides/ways/slides, and tie rods and 
their elongation.   
 
 Some presses and replacement tooling are being sourced from lower-cost countries.  
The platen frames of modern lighter presses cannot be assumed to be rigid bodies compared to 
older and larger extrusion presses, so during full press alignment measurement, they must be 
monitored fully (all sides of the press) during load and extrusion, to allow for distortion and 
differential deflection effects.  
 

(a)                                                                    (b) 
 
Figure 5.  a) Front Platen point deviation 3D vectors from Static to Extrusion; and b) XY 
vectors from Static to Extrusion viewed from front of press. 
 
 Therefore, it is even more critical to align this type of press frame to tighter tolerances to 
prevent uneven deflection, and to schedule full 3D press alignment more frequently.  Sensitivity to 
uneven tie rod elongation is amplified with the total press frame instability (base flexed with cross 
head movement) and a thinner, less rigid front platen.  
 
 Those presses where the Ram Cylinder bolts into the fixed Back Platen housing should 
be monitored for independent movement of the Cylinder at extrusion. 
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(a)     (b) 
 

Figure 6.  a) Deviations at extrusion showing differential independent movement; and b) 
Monitored points on Back Platen and Ram Cylinder. 
 
Component Monitoring.  At various positions up to extrusion, and dynamic precision 3D 
measurement (continuous motion path profile) up to and during full extrusion, provide key 
diagnostic alignment information for these press centerline component combinations:  ram-
crosshead-stem-mandrel; and container-housing-liner.  
 

(a)                                                                                   (b)   
 
Figure 7.  a) Crosshead vertical motion up to extrusion; and b) Crosshead vertical motion 
during extrusion. 
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Major Component Replacement 
 
 In addition to the standard press alignment, 3D laser tracker technology also efficiently 
provides measurement assistance associated with: 
 

• Main cylinder and ram replacement  

• Full press dismantle and re-assembly 

• Tie rod replacement, pre-tensioning and adjustment (including laminated and enclosed 
rods) 

• Foundation leveling, re-establishment, re-grouting 

• Platen and guide/way, tie rod monitoring. 
 
During or after Press Disassembly, Re-Assembly associated with every Major Component 

Replacement or Press Overhaul.  Metrology assistance and support with precision 3D Laser 
Tracker - Quality Control (QC) inspection and measurement for major 
revamp/overhaul/replacement tasks includes the following:  
 

• Reverse engineer components (in-situ, in-field measurements inspection) to produce 
manufacturing drawings of major press components for replacement.  
 

• QC inspection as-found component (say back platen/main cylinder housing) of existing 
component at press disassembly, with correlated existing/modified foundation seats or plates. 
Other parts of the press could also be measured during this disassembly stage. 
 

• QC inspection of new replacement (or repaired) component at pre-installation, for 
conformance to dimensions and comparison with as-found.  The results of prudent QC 
inspection can mitigate serious remedial costs and downtime for non-fitting components, 
such as incorrect bolt hole positions. 
 

• Virtual (mathematical) assembly before site installation/re-assembly for accurate shim 
information, and to set components accurately to level and to press centerline in 3D.  This 
means every dimensional aspect can be verified and prepared prior to physical assembly.  
Final/actual geometry such as matched seating is critical during assembly, to eliminate soft-
foot conditions (platen stresses over a long period), and when housing feet or sole plates are 
not flat or level or are non-parallel. 
 

• Accurate positioning (build) of the back platen/main cylinder housing in real-time during 
press re-assembly.  
 

• Full 3D press alignment, correct pre-tensioning and adjustment (including enclosed rods), 
and press benchmarking. 

 
 

Notes on Leveling and Alignment Tolerances and Technology 
 
 A note on existing/traditional tools for leveling foundations, bedplates, and press 
components:  the general specification is to level these to better than 0.04mm/m; (0.04mm/m = 
0.04 thou/inch = 0.0005in/ft = gradient/slope of 8.3 arc seconds).  Precision engineers’ spirit 
levels and machine/box levels have sensitivity ranging from 5 to 8 or 10 seconds of arc for each 
2mm (0.079in) bubble division.  These are more suitable for localized plate flatness and level 
(with limited extension by straight-edge/bar transfer), and for checks on individual press 
components.  The straightforward 180-degree end-to-end rotation of the machine level on a flat 
surface provides the accuracy to horizontal (gravity/zero) calibration and adjustment of the bubble 
vial if necessary.  
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 High-precision electronic tilt sensors and clinometers/inclinometers achieve 0.001mm/m 
to 0.02mm/m (0.001 degree) single or dual axes, but most portable electronic tilt meters and 
protractors only achieve 0.01 degree (0.18mm/m) to 0.1 degree (1.75mm/m), and are not 
suitable. 
 
 Unless a press component can be assumed to be a rigid body, the 0.04mm/m 
(0.04thou/inch)(1) general specification ratio should be defined as ≤0.1mm (0.004in) point 
tolerance for foundation bedplates, machine base, ways, and any press frame or component with 
dimensions larger than 2.5m (8.2ft).  (See note on error propagation below.) 
 
 A full press bed, for example 10m x 4m (33ft x 13ft), will require a surveyor’s precise level 
(tilting, automatic, or digital), or a precision laser level (sweep) that can take readings (resolution) 
to 0.1mm or better, but preferably to 0.01mm (~0.0005in) so that individual plate level and 
flatness can be addressed.  The level datum on these precision instruments is defined via the 
level vials (or the automatic compensator) that are generally accurate to 2 arc seconds 
(0.01mm/m).  All optical instruments with rotatable lines-of-sight (LoS) used for leveling are 
subject to collimation error that occurs when the LoS is not truly level.  Equal sight lengths will 
provide correct height differences, but the two-peg type test is the correct way to check and 
adjust the instrument to provide absolute (gravity/zero) calibration accuracy. 
 
 Individual foundation sole plates, press bedplate(s), and the faces of the matching press 
frame components should be flat and level with matching heights to avoid soft-foot-condition, 
warping, and longer-term stress loading effects.  This involves setting combined base/sole plates 
in a single level plane or stepped height-planes for press base frames in sections, and evaluating 
correct shim thicknesses at each plate.  The base section or overall base frame will then fit level 
and at the correct height relative to press centerline, with minimal distortion before and after it is 
fitted and grouted.  If the sections of the base are not level after (re-)grouting, tie-down, and full 
assembly, then adjustments at individual locations may introduce soft-foot conditions.  This can 
also affect the leveling blocks, which are machined to match the press ways and the matched 
seating required for major component replacement (see above).  
 

Error Propagation and Tolerances 
 
 A note on error propagation or uncertainty analysis (overall geometric dimensioning and 
tolerancing):  the accumulated effect of machining tolerances (especially older presses), specified 
tolerances for foundations, press frame, static components, and clearances (not including wear) 
of moving components, very quickly exceeds those for ideal press alignment; and, furthermore, 
tolerances may conflict with each other.  Manufacturers’ recommended press assembly 
specification tolerances may vary appreciably, especially if they are/were defined to assist a 
specific measuring technology or technique.  Press frame specification for level, platen 
squareness, etc., of 0.04mm/m (0.04thou/in) when compared to that for tie-rods (±0.25mm 
between Tie-Rod CLs and ±0.2mm Tie-Rod lengths), the maximum allowable variation between 
tie-rods should be ± 0.075mm (0.003in), and could already start to conflict at distance between tie 
rods of ≥1.875m (6ft).  It is therefore essential to measure and establish a press well within 
tolerance, or to compare specified tolerances with the most critical frame specification that is to 
be achieved.  
 
 The Laser Tracker can measure to these press components in 3D coordinates to 
0.025mm (0.001in) to provide absolute dimensions, heights, level, and flatness throughout the 
press with corrective adjustment in real-time (virtual digital dial gauge computer screen 3D 
display of X, Y, and Z coordinates reducing to zero target). 
 
Tie Rod Averages and Non-Parallelism of Tie Rods 
 
 Why are tie rod average positions at the platens seldom centered correctly?  (Or, why are 
tie rods not usually symmetrical or parallel to the press centerline?)  The press centerline at the 
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back platen, as defined by the intersection of the ram centerline with the plane of the fixed back 
platen, is generally found to be ~0.6mm (0.024in) lower than the tie-rod average (analysis of 
many presses measured over several years), and this is considered due to the combined effect of 
clearance and wear of the main ram and bushings.  Additionally, depending on machining 
tolerances, the tie-rod portholes may not have been symmetrically machined about the press 
centerline.  The position of tie-rods within portholes of platens due to their clearances may 
contribute to tie-rod misalignment or non-symmetry about the press centerline.  For example, if 
clearance is 0.015in on ϕ for the unthreaded part of the rod, (4) the rod can sit down, or to the side 
0.19mm (0.008in); a worst-case accumulated effect is 0.381mm (0.015in) within and between 
platens.  There are also cases where tie-rod nut seats at the platens were found to be spot-faced 
individually, not in a common plane, nor parallel.  The accumulated combined effect of machining 
tolerances, clearance tolerances, positioning during press frame assembly or tie-rod replacement, 
and worn ram and housing cylinder bushings can easily explain this tie-rod anomaly.  This can 
affect routine alignment checks and press alignment using piano cross-wire and optical/laser-in-
centerline traditional methods.  That is - the press centerline defined by the piano cross-wire will 
likely not match the true centers at both platens. 
 

Preparing the Press for Measurement 
 
 Other than worn components that cannot be replaced immediately, the press is prepared 
by ensuring all static components are tightened, the tie-rods are correctly pre-stressed, and 
tooling sealing faces are clean, parallel, in good condition or where possible, new tooling installed 
--- stem, piercer/mandrel, container-liner, all die stack items, and pressure ring --- to obtain better 
accuracy of measurement.  There is also the possibility of measuring used/worn out-of-spec die 
stack tooling to determine the differences and evaluate tooling issues.  In any event, the press 
condition should be repeatable for moving components and reflect a fixed state from which it can 
be adjusted post-measurement by conventional manual methods for simple correction or real-
time Laser Tracker for more complex misalignments. 

 
Cost Savings from Full 3D Laser Tracker Press Alignment 
 
 The relative cost of a full 3D press alignment is economical, compared to cost savings 
after a press is correctly adjusted for optimum alignment.  Benchmarking and information 
correlation of a variety of presses that have been measured indicate that production 
improvements on misaligned presses after adjustment are significant.  Even presses running 
acceptably or well aligned by traditional standards have shown significant yield percentage gains.  
Generally, annual savings in the costs of disposables, not to mention maintenance down time are 
dramatic.  “Improper alignment is one of the causes of inconsistent die performance; it causes 
premature failure of fixed dummy blocks and, in extreme cases, damage or breakage to stems, 
containers, and tie rods.” (5) 
 
The following cost savings can be readily evaluated by those associated with the financial 
aspects: 
  

• Production improvements on some misaligned presses after adjustment were three-fold; 
daily throughput increased by 12 percent. 
 

• Dummy block wear significantly reduced and total failures eliminated:  replacements one 
to two weeks before, to eight weeks after correct alignment. 
 

• Container liner service life:  refurbishment or new replacement three to four months 
before, to 10 months after correct alignment. 
  

• Ram and container bronze wear strips having noticeably less wear, negating annual 
machining or replacement. 
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• Stem replacements are also minimized. 
 
The expensive part is fixing the press once the problem is identified. 

 
CONCLUSIONS 
 
 Advanced Dimensional Solutions (ADS) supplies dimensional measurement and analysis 
services to industry using modern, three-dimensional (3D) measurement technology.  Experience 
in providing extrusion press alignment services as a specialty for more than 18 years has been 
reviewed here to provide an update, beneficial information, insights to current practice, and to 
present the latest measurement technology available today for the alignment and major revisions 
of extrusion presses.  Comments, recommendations, and findings for consideration for 
improvements have been prompted by combining the many questions, observations, and 
expertise from both metrologists (industrial surveyors) and the extruder specialists.  
 
 Laser Trackers are the most appropriate and efficient measurement systems for full press 
alignment and many other press refurbishment/rebuild projects requiring precision measurement.  
This modern technology is able to provide a combined 3D inspection model by measurement of 
static, moving, and loaded press components with the press under operational conditions.  It 
should be employed when there are unresolved issues with the extrusion product or equipment.  
A properly established and aligned press, correctly pre-stressed with a well-maintained pressure 
ring is fundamental.  Combined specified tolerances can propagate rapidly, and it is essential to 
measure and establish a press well within tolerance or to compare specified tolerances with the 
most critical frame specification that is to be achieved.  

 
 Press frame and press component alignment tolerances need to be even tighter for 
lighter presses, or when upgrading to achieve higher-grade quality products, and to achieve 
tighter product tolerance requirements. 
 
 Press benchmarking with 3D laser tracker technology provides a snapshot of its 
dimensional and geometrical status with details of misalignments, wear, and other operational 
issues.  The press is optimized by applying required remedial work and adjustments in a series of 
iterative improvement steps during standard maintenance outages or scheduled outages, 
specifically for the remedial work. Full press re-measurement after press adjustment provides 
verification of correct adjustment, identifies the net result of the incremental changes, and re-
establishes the benchmarking.  
 
 Combining the specialties of measurement and alignment with mechanical extrusion 
consultant provides added value to each extrusion press alignment and many other press 
refurbishment/rebuild projects.  The cost savings resulting from full 3D Laser Tracker press 
alignment can be significant. 
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The following information was received from David Turnipseed and is reprinted here for 

convenience of Wean United press owners.  Unfortunately the diagrams referenced are 

not included. 

 

WEAN PRESS ALIGNMENT 

 

This section is devoted to press alignment and tram level. Each group is essential to 

proper press operation. 

A. Stem 

B. Crosshead 

C. Main Ram and Tooling 

D. Tie Rods 

A. Stem Alignment 

The “squareness” of the stem (extrusion ram) with respect to the stem pressure plate, 

crosshead, and billet is very essential in order to prevent eccentric loading of the stem 

against the dummy block.  A slight mis-alignment of the stem, in the center bore of the 

stem pressure plate, is magnified when the overall length of the stem is taken into 

consideration.  A stem “out of square” in its “socket” by 0.025” could throw the tip out of 

square by as much as 1/8”.  The sketch on the following page illustrates the various 

points to be checked when changing a stem.  The stud nuts, diagonally opposite, should 

be tightened a little at a time in order to maintain uniform clearance between the stem 

holder and crosshead. 

1• When changing the stem, uniform clearance must exist between crosshead and 

stem holder. 

2. As stud nuts are tightened, be sure to check clearance at areas designated at 

points no. 1 thru no.6 inclusive. 

3. Always be sure the nuts are tightened securely. 

B. Crosshead Alignments 

Proper guiding of the crosshead is required in order to keep the ram movement parallel 

with the tie rods and “square” with the tooling.  The crosshead inside gibs have been set, 

at shop assembly, for proper running clearance and to prevent the ram from drifting 

when traversing the last portion of the extrusion stroke.  After the press has been leveled 

and grouted at field erection, the inside gib clearances should be re-checked.  Normally, 

the clearances will change; if so, the shims should be re-adjusted for proper running 

clearance. 
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The gibs are shimmed bronze wear plates.  The adjustment is by means of shims 

instead of adjusting screws to prevent unauthorized personnel from making changes in 

the clearance when they are not familiar with the full importance of these clearances. 

The gib mounting bolts should be kept tight at all times.  Check these bolts once a week.  

The gib clearance should be checked once per month. 

 

C. Main Rain and Tooling 

After the press has been in operation for several months, normal wear of the crosshead 

bronze shoes will take place.  As wear progresses, the ram, crosshead and stem will no 

longer move parallel with the tie rods and bed plate wear plates.  As the stem drops, it 

will no longer be concentric with the container bore and may rub the “skull” in the 

container, causing inferior extrusions.  The first tendency is to align the container with 

the stem so it will be concentric once again. 

This procedure is incorrect because the billet centerline will be lowered and will not be 

concentric with the dies and tool stack.  This leads to eccentric loads being applied to 

the tooling, thus causing poor metal flow and improper die deflections.   Eccentric loads 

eventually result in breakage of components in the tool stack. 

The proper procedure is to check the ram level, at the retracted position as well as 

advanced, to the “end of extrusion” position.  The level of the bed plate should also be 

checked to determine the exact amount of “out of level” that actually exists.  The 

crosshead wear plates should then be shimmed to bring the ram back to a level position.  

Once this is accomplished, the container elevation should then be adjusted to have the 

stem concentric with the bore of the container liner.  The final phase of tooling alignment 

is to extrude billets and examine the butts to determine if the die is low.  If the die is low, 

the die slide should be removed and the wear strips shimmed to have the die, container 

and stem in alignment.  The container guides should also be checked to keep the 

container lined up laterally with the tooling and stem.  These checks should be made 

every four (4) to six (6) months. 

 

D. Tie Rods 

Pre-stressing of tie rods is done for the purpose of preventing stress fluctuations to occur 

in critical areas of the tie rods during normal operation.  These critical areas are the 

threaded portions of the rods.  Without pre-stressing the stresses would fluctuate from 

zero to maximum every time the press is loaded to 3000 psi.  Should this be permitted to 

continue, without pre-stress, metal fatigue would eventually -set in and a tie rod failure 

would occur. 

Pre-stressing is accomplished at shop assembly by loading the press to approximately 

3450 to 3500 psi. and setting the inside tie rod nuts prior to releasing the pressure. The 

“locked in” stresses, between the inside and outside nuts, prevent any fluctuation of 
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stresses in the threaded areas of the tie rods.  The tie rod bodies are only subjected to 

pure tensile stresses. 

The press tie rods are set at shop assembly; the press is “squared” to within 

approximately .005”.  The press should remain “square” for several months.  However, a 

certain percentage of the pre-stress is lost due to the machined surfaces of the threads 

of the tie rods and nuts becoming “burnished in” during normal operation. 

After six (6) months of operation, the press should be re-checked for squareness.  The 

tie rod nuts should also be checked for loss of pre-stress, with the press at full load of 

3000 psi.  Should the inside surface of a nut separate from its contact surface with the 

platen, or cylinder housing, pre-stress is lost in that particular tie rod.  When pre-stress is 

lost, the press should be re-aligned (“squared”) and the rods pre-stressed again.  It will 

be noted that after the press is re-pre-stressed, it will retain its alignment for a much 

longer period of time because the threads have been “burnished in" and have taken a 

permanent “set”. 

When the tie rods require to be re-pre-stressed, several items must be taken care of: 

a) The face of the main cylinder housing should be at right angles to. the bed plate 

wear plates.  You may have to block up under the main cylinder, if adjustment is 

required. 

b) Hydraulic system pressures will be adjusted temporarily, above maximum 

allowable operating pressure.  The pumps must not be permitted to remain at elevated 

pressures for prolonged periods of time.  Try to limit it to periods of time, not exceeding 

10 to 12 seconds, and keep the pumps “short stroked”. 

c) Oil temperatures should be kept at approximately 1200F, when the pumps are 

operating at elevated pressures. 

d) Necessary personnel and equipment must be on • hand when the work begins. 

e) You will require two (2) sledge hammers, six (6) to eight (8) hot rolled steel pins 

to fit the holes in the tie rod nuts, a pin gauge bar with micrometer head, plus four (4) 

men. 

With Port “B” of the pumps furnishing power for the “forward" or "extrude" portion of the 

circuit, the relief valves on Port “B” side of the pumps will have to be adjusted to permit 

pressurizing the system above the maximum operating pressure of 3000 psi.  Note the 

position of each relief valve adjusting screw prior to making any adjustments.  Remove 

the screws from the pumps when the motors are not running.  Take the lock-nuts off the 

screw and re-install the screws, turning them “in” approximately two (2) turns beyond the 

point where the locknuts were set for 3000 psi. 

Place the control selector switch in the “manual” position; start the main motors; position 

the die slide with the sticker hole at the press centerline and slide selector switch at 

“neutral”.  With the container closed against the slide, advance the main rum until the 

stem holder, or bumper, is in contact with the container.  Note:  For presses with a taper 

fit between stem and stem holder, the press tonnage must not be applied to the stem 
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holder face.  The load must be taken on the face of the stem.  (Use a short cold billet, 

dummy block and solid tool stack.)  Short stroke the pumps only enough to pressurize 

the system slowly.  Set the relief valves for approximately 3350 psi.  When adjusting the 

relief valves for higher pressures, always do so with the pumps in the “neutral” position, 

or when the system is at low pressure.  Always keep the sticker by-pass button 

depressed while pressurizing.  Don’t relieve pressure suddenly by releasing the by-pass 

button.  Position the manual unit lever at zero and allow the pressure to bleed off until it 

drops to 1000 psi. before releasing the by-pass button. 

Pressurize the system to 3300 psi. and “sledge-in” the inside tie rod nuts, only at the 

cylinder housing end of the rods.  Do this as quickly as possible; keep the system 

pressure steady while setting the inside nuts. 

Bleed off pressure in the system and prepare to work at the platen end of the press.  

Pressurize the system once again and loosen the inside nuts at the platen.  When the 

inside nuts are loose, bleed off system pressure and retract the main ram slightly to 

permit the surge valve to open. 

Pin gauge the press at zero pressure, and record the readings.  If the readings show 

that the press is “square” within .005” or .006”, proceed with pin gauge readings at 1000 

psi., 2000 psi. and 3000 psi.  Should the press be “out of square”, in excess of .012”, do 

not “load” the press until you have re-adjusted it.  Adjust the outside nut of the tie rod 

that requires to be adjusted.  The outside nuts can only be adjusted under “no load”.  

When making adjustments, the following information will be helpful. 

Place a mark on the surface of the platen, at the nut periphery, and measure on the 

outside diameter of the nut, the amount of adjustment to be made.  One inch of rotation 

of the nut is equivalent to advancing the nut a few thousandths of an inch. 

The following chart covers various press tonnages; use the value that applies to your 

press: 
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Rated Press Tonnage Movement of Nut O.D. - 

inches 

Linear Movement of Nut 

inches 

1550 tons 1 .007 

1675 tons 1 .007 

2200 tons 1 .0064 

2400 tons 1 .0055 

2500 tons 1 .006 

2600 tons 1 .005 

2750 tons 1 .005 

3300 tons 1 .005 

3500 tons 1 .005 

3850 tons 1 .0046 

5500 tons 1 .006 

 

When the tie rod nuts have been adjusted and the press is “square”, at zero and at 3000 

psi., proceed with the final phases of pre-stress. 

Pressurize the system to 3300 - - 3350 psi. and slug-in the inside nuts, at the platen.  

Release pressure in the system and pin gauge with pressure at zero.  You may find that 

the press can be “out of square” after pre-stressing.  This could happen when the nuts 

are being slugged-in and a fluctuation of system pressure has occurred. 

When this happens, it will be necessary to make corrective adjustments.  Pressurize the 

system to 3350 psi. and adjust the tie rod nut that requires it.  Always remember that 

after pre-stressing, the tie rod that registers the longest length has been pre-stressed 

more than the other rods.  • Its adjustment would require you to “back-off” the inside nut 

at the platen end of the press.   Make such adjustments as required so the press will be 

within tolerances at “zero” as well as at 3000 psi.  After final adjustment, etc., re-set the 

main pump relief valves. 
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Tooling 
This chapter sponsored by R.L. Best Company  www.rlbest.com 
 

 This chapter covers the semi-permanent press tooling: dummy blocks, stems, 
containers, container liners, and their repair, maintenance, and lubrication. 

 

Fixed Dummy Blocks 

 Most aluminum extrusion presses are now fitted with fixed dummy blocks.  They offer 
several advantages over loose dummy blocks: 

 Operator involvement is virtually eliminated. 

 Expense and downtime due to a handling system for loose dummy blocks are 
eliminated. 

 Slightly longer billets are possible (typically about 2 inches [50mm] longer. 

 Butt disposal is simplified. 

 Eliminates damage to front of container from loose dummy blocks. 

 Eliminates the risk of extruding without a dummy block or having dummy block fall 
over in the loader. 

 Dead cycle time may usually be reduced. 

Design of the Fixed Block.  Several proprietary designs for fixed dummy blocks are available on 
the market today.  The design principles have been well described in previous publications1,2,3,4 
and will not be reviewed here.  In general, the geometry of the body of the block expands under 
extrusion load, causing the outer edge to expand practically to the inside diameter of the 
container.  The expansion is caused by pushing the insert into the body of the block.  At the end 
of extrusion, relaxation of press pressure allows the insert to retract and the body to contract in 
diameter, helping to push the butt away from the face of the block. 

 Design must allow air in the container to escape before the billet is upset, in order to 
prevent blisters on the products from trapped air.  Air may also cause explosions if it is 
compressed in the presence of oils or other fuel materials. 

 Dummy block failure is usually related to the limited elasticity of the steels used and the 
extreme stresses involved, which tend to expand the block past the steel’s creep limits.  When 
the block’s outside diameter experiences a permanent increase of 0.020” (0.5mm), permanent 
loss of elasticity is likely to have occurred.  Common problems are the build-up of excessive 
aluminum on the block, causing high drawback loads and blistering; and wear on the periphery of 
the block. 

  

                                                           
1Castle, Alan F., “Improving Fixed Dummy Block Performance,” Proceedings of 6th International 

Aluminum Extrusion Technology Seminar, Vol. I, (1996), p. 301-304. 
2Bessey, Guy, “Fixed Dummy Block Design,” Proceedings of 4th International Aluminum 

Extrusion Technology Seminar, Vol. II, (1988), 131-133. 
3Castle, Alan F., “Fixed Dummy Block Extrusion,” Proceedings of 4th International Aluminum 

Extrusion Technology Seminar, Vol. II, (1988), 134-138. 
4Robbins, Paul, “Dummy Blocks, Clean Out Blocks, Lubrication and Film Coatings, and Alignment 

(the Enemy),” presented at AEC Press Maintenance Seminar, (1995), Chicago. 
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 Fixed dummy blocks are commonly constructed of alloy H-13 steel, and hardened to 
Rockwell C 45 - 49.  Some important recent studies have shed new light on the choices of 
materials for fixed dummy blocks:  for high load situations (greater than 95,000 psi = 655 
Mpa) Tuff Temper offers greater strength (UTS and yield) compared to H13.  For more 
information see these references5,6. 
 

Clearance Within the Container.  The diameter of the dummy block must be selected to allow a 
tight seal to the container during extrusion, and sufficient clearance to pass easily through the 
container during the return stroke.  There is no general agreement on the proper clearance, as it 
will depend somewhat on the design of the block.  Also, poor press alignment will require greater 
clearance and thus poorer block performance.  Recommended clearances between block and 
container vary: most commonly 0.030” (0.75mm); but 0.4 to 1.0mm (0.016” to 0.040”) according 
to other sources7.  In fact, most press operators must arrive at the optimum clearance for their 
situation by trial and error. 

 Dan Dunn8 of Castool offered the following “targer skin thickness” to remain on the 
container liner: 

1xxx/3xxx alloys .008 to .010” (0.2 to 0.25mm) 
6xxx alloys  .015 to .020” (0.4 to 0.5mm 
7xxx alloys  .020 to .030” (0.5 to 0.8mm)) 
 

 
Permanent Deformation.  The expandable outer ring of the block will eventually experience 
permanent deformation after some number of cycles.  Each block must be assigned a serial 
number and records kept to include: 

• Date installed 

• Number of billets pushed 

• Outside diameter of the shell ring – at 2 points 90o apart 

• Inspection notes:  land wear? Aluminum build-up?+ 

These records will help to obtain maximum block life, prevent scrap from blisters, and save cost. 

                                                           
5 Chien, Ken; Robbins, Paul; and Jowett, Chris; “Extrusion Productivity, Part I – Billet Geometry,” 

Light Metal Age Magazine, April, 2018. 

6 Chien, Ken; Robbins, Paul; and Jowett, Chris; “Extrusion Productivity, Part II – Predicting Ram 
Speed,” Light Metal Age Magazine, February, 2019. 

 

7Castle, Alan F., Ibid. 

8 Dunn, Dan, Press Tooling & Temperature Control, presentation at AEC Press Maintenance 
Workshop, Atlanta, October, 2021. 
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Method of Attachment to the Ram Stem.  Once again,  different proprietary designs tend to 
prevail.  The most basic method of attachment is a threaded stud connecting ram stem to dummy 
block; drawbacks to this design include inflexibility, 
seizing, difficult changing, and occasional loosening of 
the block.  If the block becomes loose on the stud, the 
full force of extrusion will come to bear on the stud and 
will likely break it.  Keys and dowels are commonly used 
to prevent loosening. 
 A second popular design is the tie bar passing 
through the stem to a nut at the rear.  In this case the 
base of the block is always in contact with the stem, 
avoiding excessive loads on the threads. 

 A proprietary bayonet-type design is said to 
permit quick change of the block.  It is also said to avoid 
thread damage and to accommodate a small amount of 
misalignment by permitting some radial movement. 
(See Figure 3-3) 

Press Alignment.  Alignment of the ram stem and 
container have been discussed under Chapter 2: Press 
Alignment.  Service life of fixed dummy blocks will be 
dramatically reduced by poor alignment.  Most 
authorities recommend that misalignment never exceed 
±0.020” (±0.5mm). 

Preheating the Dummy Block.  Although the process 
of extrusion will generate considerable heat, the fixed 
dummy block still should be preheated before it is 
placed in service.  Preheating will minimize thermal 
shock and also increase the toughness of the steel, 
which is higher at press operating temperatures.  A 
recommended temperature is about 600oF (315oC).  
The block may be preheated in a special oven, or by 
leaving it in the center of the container for a few hours.  
However, do not leave the block in any oven for more 
than a couple of hours, in order to avoid decarburization 
and loss of temper. 

Lubrication of the Dummy Block and Billet.  This 
subject is discussed under Lubrication of Extrusion 

Press Tooling – page 3-51.  In general, to eliminate 
sticking of aluminum to the steel dummy block, 
lubricant(s) must be applied to the block and/or billet.  
Most operators lubricate the block by manual or 
automatic application of water-borne specialty lubes, or manual swabbing of graphite compounds.  
The ends of pre-cut billets may be painted with specialty lubes or graphite.  Sheared billets must 
be coated after shearing, using flame-generated carbon or spray-applied specialty products such 
as Boron Nitride. 

 

 
 

Figure 3-1: Fixed dummy block  
(Photo courtesy of Castool) 

 

 
Figure 3-2: Fixed dummy block with 

replaceable wear ring 
 (Illustration courtesy of Castool) 

 

 
Figure 3-3: Fixed dummy block with 

bayonet mount and replaceable wear ring 
(Illustration courtesy of Castool) 
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Figure 3-4: Fixed dummy block for oblong billet 

(Photo courtesy of COMPES) 

 

Repairing the Fixed Dummy Block.  Replacement is most commonly needed due to wearing of 
the land area, increase in pick-up during drawback, or loss of elasticity.  Castool offers a patented 
design with a replaceable wear ring. 

 Worn land areas of dummy blocks may be repaired by welding and re-machining to the 
original diameter.  Castle9 offers a welding procedure for H-13 blocks: 

• Preheat to approximately 400oC (750oF) 

• Weld using a gas-shielded arc process (temperature should not fall below 350oC (660oF) 

• Slow cool in air to 80o-100oC (175o-212oF) -- very important! 

• Double temper 

Preventing Dummy Block Damage from the Container Seal Face10. The main cause of 
stem/dummy block breakage is container shifting caused by a build-up of aluminum on the mating 
surfaces of the die and container seal face.  This area needs to be kept in good condition and 
free of aluminum. 

• Liner ID (inside diameter) may be constricted (coined) from using small dies. 

• Dummy block should never completely pass through the exit end of the container. 

• Butt shear should cut clean on the die face. 

• Acetylene torches and pneumatic tools should never be used to clean the sealing face. 

• Container travel should be slowed prior to impacting the die face. 

• When a burp cycle is needed, do not open the container, only the ram and seal pressures 
should be reduced. 

• Explosions caused by air and lubricant should be eliminated. 

                                                           
9Castle, Alan F., “Fixed Dummy Block Extrusion”, Proceedings of 4th International Aluminum 

Extrusion Technology Seminar, Vol. II, (1988),p. 134-138. 
10 From Castool Solutions Bulletin “Fixed Dummy Block.” 
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Dummy Block Maintenance11.  The dummy block should be inspected daily.  It should be 
visually checked for aluminum build-up on the face and land.  The land should also be checked 
for signs of explosions.  On blocks with springs, the mandrel should be free and forward from the 
face of the dummy block.  This confirms that the spring is functioning.  At the same time, the cap 
screws securing the bayonet lug and keys should be checked for tightness. 

 Once each week the dummy block should be removed from the press and cleaned in 
caustic.  It should be visually inspected for wear and accurately measured across the face, the 
dimension recorded and compared to the original diameter when the block was first delivered.  
The dummy block will eventually take a set to a larger diameter during use.  As the diameter 
increases, blisters result.  Operating life is decreased. 

 Some sources recommend rotating the block 90-degrees every day to equalize wear, and 
to lubricate the block internally every week with boron nitride dry powder compound12 

 Machining the dummy block’s diameter and/or back face of the mandrel can extend its 
useful life. 

Loose Dummy Blocks 

Where still in use, loose blocks should be regularly checked for aluminum build up; for 
stress fractures; for nicks and damage due to mechanical problems; and for dimensional 
tolerances.  If blocks show damage, re-check alignment of the billet loader; and inspect the 
dummy block handling system and repair as needed. 

Cold Clean-out Blocks 

The Clean Out Block is used to remove the thin layer of aluminum in the liner when 
changing alloys. 

 Regular use of clean-out blocks is recommended for both process reasons and to 
improve dummy block life.  A special block is built to a diameter larger than the dummy block; 
recommendations range from 0.010” 
(0.25mm) less than container inside 
diameter, to 0.030” (0.75mm) larger than 
the fixed dummy block. 

• Cold for dimensional control and 
safety when handling 

• Long to prevent tipping 

• Hollow for ease of handling 

• Split to prevent damage to the 
liner 

• Double ended to extend life 

 Frequency of use varies according 
to the plant, some pushing the clean-out 
unit once every shift or after alloy changes; 
and others never using it.  A more typical 
frequency is once weekly. 

 More information on clean-out blocks is presented in Chapter 2 – Press Alignment. 

                                                           
11 Ibid. 
12Robbins, Paul; Dixon, Bill; Chien, Ken; and Jowett, Chris;  “Today’s Understanding of the 

Function and Benefits of DummyBlock Design,” Proceedings of 11th International 
Aluminum Extrusion Technology Seminar, (2016), p.387-404.  

 
 

Figure 3-5: Clean-out block 
(Photo courtesy of Castool) 
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Good Maintenance Practice with Cold Clean Out Block: 

• Weigh the cold clean-out block 

• Load cold clean-out block in billet loader 

• Do not shear last die prior to running clean-out block 

• Remove die and take to die repair for measurement when cold 

• Push cold clean-out block through liner with fixed dummy block 

• Remove cold clean-out block and visually inspect for alignment 

• Tiara shape means alignment problem stem-to-container 

• Crown shape means alignment is good 

• Weigh cold clean-out block 

• Subtract beginning weight and record salvage aluminum 

 

 
 

 
Poorly aligned butt (left) and Properly aligned butt (right) 
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Stem 

Function.  The stem (or ram) transmits the compressive forces from the main cylinder to the 
billet, and so it must operate under compressive 
stress without bending, breaking, or upsetting. 

Material.  The stem is constructed of hot work 
tool steels, typically high in chrome, 
molybdenum, and tungsten, or chrome, 
vanadium, and molybdenum; A1S1 H-12 or H-
13. 

Heat Treatment.  The stem is typically 
hardened, quenched, and tempered to a 
hardness range of 429 - 477 Brinell (Rockwell 
C45-50).  As the stem is not normally subjected 
to extreme temperatures, it is hardened primarily 
to provide the necessary compressive strength. 

Desired Material Characteristics.  The stem 
material is chosen to provide very high hardness, 
high compressive strength, and very low ductility. 

Causes of Damage.  The stem may be 
damaged by: 

Thermal Shock:  The stem is very sensitive to 
thermal shock.  Heating or cooling the stem too 
quickly will invite cracking. 

Failure to Preheat:  At room temperature the 
stem is too stiff and brittle to be used safely.  
Preheat to 200-400oF (or 100-200oC) before use.  
Never use direct flame – use a slow soaking 
furnace to preheat the stem. 

Misalignment:  Any misalignment may greatly 
increase the stress concentration within the ram 
and result in bending or breaking.  See Chapter 
2 - Press Alignment. 

Impact:  Any sudden impact, such as striking the 
container or malfunction of the dummy block, may cause sharp stresses and eventually weaken 
the stem.  These stresses may be relieved by following the procedure described below. 

Upsetting:  Watch the face of the stem (the face where the fixed dummy block attaches) for 
upsetting or deformation under load.  When the stem diameter increases by 1/8-inch (3mm), or 
when hairline cracks appear, the stem should be turned down and re-faced. 

Work Hardening:  Continued high-pressure contact with the dummy block may result in 
formation on the surface of a thin layer of hard metal with many hairline cracks.  To prevent these 
cracks from expanding and propagating into the stem, periodically remove this work-hardened 
layer and re-face the stem. 

Fatigue:  The stem, like all press components, is subject to fatigue failure in the form of tiny 
cracks at stress concentration points.  To relieve this condition, stress relieve according to the 
following procedure: 

1. Heat the stem to 1000oF (540oC), at a rate no more than 100Fo (55Co)13 per hour. 

                                                           
13 Note that heating or cooling rate is properly expressed in “Fahrenheit degrees” or “Celsius degrees,” 
which are increments of temperature, as distinct from ”degrees Fahrenheit” or “degrees Celsius” which refer 
to points on a temperature scale. 

 
 

Figure 3-6: Stem for threaded dummy 
block attachment (Photo courtesy of Lake Park 

Tool) 

 

 
Figure 3-7: Stem for bayonet-type 
dummy block attachment (Illustration 

courtesy of Castool) 
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2. Hold at this temperature for one hour per inch (25 mm) of stem diameter. 

3. Remove from furnace and air cool in still air at room temperature. 

Frequency of stress relief of the stem should vary according to the history of the stem; suggested 
intervals for normal conditions: 

Compressive Stress - Range of Operation Suggested Interval  for Stress Relief 

180,000 - 200,000 psi 20,000 to 30,000 billets 

160,000 - 180,000 psi 30,000 to 40,000 billets 

130,000 - 160,000 psi 40,000 to 50,000 billets 

100,000 - 130,000 psi 50,000 to 60,000 billets 

Below 100,000 psi 100,000 billets 

 

Precautions. To avoid damage and maximize life of the stem: 

1. Preheat the stem before use.  A slow heat-up is desirable.  Temperatures above 200oF 
(93oC) are adequate, but the temperature must be achieved through to the center of the 
stem. 

2. Avoid any direct flame impingement. 

3. Avoid any water contact (unless anticipated and a special material chosen for this 
application). 

4. Check press alignment through the entire stroke of the ram. 

5. Keep the ram clean and correct any visible damage.  Re-machine to remove cracks, 
upsetting, impact scars, or cuts, and stress relieve after each machining. 

6. Avoid welding. 

Preventive Maintenance Check List. 

1. Keep the stem dressed at all times.  Correct any visible damage as soon as possible by 
machining to clean metal.  Watch for small cracks, upsetting, impact scars, or cuts.  
Stress relieve the stem after each machining.  Never weld the stem. 

2. Maintain good press alignment. 

3. Check the end of the stem for upsetting, weekly or each time a fixed dummy block is 
changed. 

4. Check the end of the stem for work hardening, weekly or each time a fixed dummy block 
is changed. 

5. Stress relieve when required according to service and keep a record of stress relief. 

6. Check its straightness with a straightedge. 

7. Check the pressure plate to which the stem is mounted for damage, deflection, or 
“coining”, by using a straightedge and feeler gauges; remove and re-grind flat if 
damaged.  The seat must also be clean. 

8. The stem retention ring or other stem mounting devices must be properly tightened. 

 Check the stem and fixed dummy block often for signs of build-up or excessive wear.  
Any contact forces are transmitted back to the main cylinder and may result in premature wear of 
the main ram and bushings, and to the crosshead cylinders as well. 

 Maintain accurate drawings of all tools, for purchase or repair of replacement of spares. 

 Inspect spare tools when received (new or repaired) for condition and conformance to 
dimensions – don’t wait until they are needed for use. 

 Store spare tools in a warm place, to minimize preheat time and avoid thermal shock.   

Note: Stems are subject to sudden, catastrophic failure.  See the photos in Chapter D – Safety & 
Environment, Figures D-2 and D-3. 
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Butt Shear Blades 
 
Following information is provided courtesy of Castool   www.Castool.com 
 
During the extrusion stroke, as the ram and the dummy block press the billet through the 
container, the oxides and other impurities from the skin of the billet are accumulated in the dead 
metal zone.  The dead metal zone, which is full of impurities, must be sheared off before the next 
billet is loaded.  A properly designed and clean shear is vital for extrusion quality.   It can 
eliminate blister and reduce surface contaminates.  Too often the shear blade is not given 
sufficient attention in terms of design, use and maintenance. 
  
 

KNIFE SHEAR BLADE 

-The knife blade is the most effective geometry, but 

requires good extrusion practices.  

-The 2-piece design allow the cutting edge to be 

changed on the press and can be adapted to all blade 

types. 

 

 

SCOOP SHEAR BLADE 

-Soft alloy (typical butt length 20-35 mm).  

-This shear blade provides a “cut and curl” action and 

behaves as a knife blade, to cut through the butt/die 

interface 

 

 

DELTA SHEAR BLADE 

-Medium alloy (typical butt length 30-60 mm) 

-This shear blade provides a “cut and split” action to 

cut through the butt/die interface 

 

 

90o SHEAR BLADE 

-Hard alloy (typical butt length longer than 60 mm) 

-This shear blade behaves as a shear, rather than a 

knife, and shears through the butt/die interface. 

 
 
 
 
 

SHEAR BLADE CONDITION.  Design considerations are necessary depending on the alloy and 
butt lengths typically in use on the press, and blade type changes may be necessary at product 
changes.  In the case of softer 6xxx alloy extrusion, the cut and curl type blade needs to be 
provided with a sharp edge and a scooped rear face to enable effective butt removal.  Damage to 
the cutting edge of the design may cause the butt to stick to the blade, or cause failure of the 
blade itself.  Chips and cracks on the cutting edge may indicate inadequate blade clearance and 
impact with the die or die ring.  As with any cutting blade the clearance between the shear blade 
and die face needs to be controlled.  Lubrication of the rear face of the blade encourages flow of 
the butt across the blade, and helps butt detachment.  Shear blade lubrication practices are 
effective, but lubricant must not be applied to the front face to ensure lubricant does not 
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contaminate the die face and create extrusion problems such as blister and possible seam weld 
failures.  Shear blades should be removed from the press at frequent intervals and inspected and 
replaced if necessary. 

 

SHEAR BLADE CLEARANCE 

 The clearance between the shear blade and die/die ring is critical to ensure the butt is 

effectively removed without pull out from ports and pockets and without undue smearing onto 

the die/container sealing surfaces.  For cut and curl type blades this clearance shall be 

controlled to be within 1 mm maximum range.  The target shear blade clearance shall be 0.6 

mm.  

 Shear blade clearance shall be checked under hot operating conditions, or set under cool 

conditions (on installation of a new blade during maintenance downtime periods), by using a 

setting device adjusted to accommodate temperature differences.  Note: after installation of a 

new shear blade under cool conditions, allow the blade and tooling to stabilize to typical 

extrusion conditions before start up by sealing the container to a die stack with the shear 

blade above.  

 Shear blade clearance will be influenced by :  

• Toolstack overall length variation 

• Wear of the die slide guideways (both bottom and rear) 

• Distortion in the die cassette and/or damage to the cassette horseshoe 

• Wear of the shear column guideways 

• No, or ineffective, clampdown of the die ring prior to butt shear  

 Shear blade clearance can be controlled with shear blade design incorporating guidance 

fingers to ensure the die face and shear blade face maintain the same separation during butt 

shear travel.  

 Shear blade clearance can also be controlled with a die stack, or die cassette clamping 

system that ensures constant clearance control.  The device pulls the die stack (or die ring) 

against the register of the horseshoe in the cassette, or against the platen.  This former 

eliminates variation in die stack length due to stack up of tolerances in the lengths of die 

stack components.  If no such device is available, then improved control of die stack 

component lengths (dies, backers, bolsters and sub bolsters) is necessary.  

 Vertical movement, and to a limited extent, axial movement can be restricted with the use of 

a vertical die ring clamp. 
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Container 
Function.  The container holds and supports the liner to prevent it from breaking under the 
extreme forces of extrusion.  The stress on the liner must be transmitted uniformly to the 
container, so an accurate shrink fit is required.  The shrink fit also induces compressive stresses 
in the liner, allowing it ultimately to withstand higher stresses.  The support must remain uniform 
and continuous during the extrusion cycle; without it the elastic limit of the liner may be exceeded, 
causing the liner to fail. 

Material.  The container is a forging, usually chrome-
nickel-molybdenum or chrome-molybdenum-
vanadium steel, of SAE 4350 or SAE 4150 modified 
type. 

Some important recent studies have shed new light 
on the choices of container materials:  there may be 
advantages for choosing SAE 4340 over H13 for 
improved heat transfer.  For more information see the 
following references,1415. 

Heat Treatment.  The container is typically hardened, 
quenched, and tempered to a hardness range of 280 - 
350 Brinell.  Draw temperatures over 1000oF (540oC) 
are used to insure stability at normal operating 
temperatures; no permanent softening of the 
container should be experienced during normal 
service. 

Desired Material Characteristics.  The container 
material is chosen to provide toughness, high 
strength, and good ductility when warm. 

Potential Causes of Damage.  The container may be 
damaged by: 

Thermal Shock:  Any sudden heating or cooling of 
the container may cause stress cracking or other 
damage to the container. 

Excessive Heat:  At elevated temperatures, the 
container material will soften and weaken.  At about 
1100oF (590oC) , permanent softening will occur and 
the container may become unfit for further use. 

Non-uniform Temperature:  During operation, 
uneven heat retention may result in a higher 
temperature near the center of the container.  The 
hotter area will also be weaker and may yield under 
the pressure of extrusion, causing a “belly” or 
distortion of the diameter near the center.  At lower 
temperatures (400-600oF/ 200-315oC) this distortion 
may not be a problem, but at higher temperatures it 
may become permanent and require re-boring of the 
container. 

                                                           
14 Chien, Ken; Robbins, Paul; and Jowett, “Chris; Extrusion Productivity, Part I – Billet Geometry,” 
Light Metal Age Magazine, April, 2018.  
15 Chien, Ken; Robbins, Paul; and Jowett, Chris; “Extrusion Productivity, Part II – Predicting Ram 
Speed,” Light Metal Age Magazine, February, 2019. 

 
 

 
 

Figure 3-8: Container cracked 
through hole for lifting eye.  

Container was also overheated. 
(Photos courtesy of Lake Park Tool) 

 

 
 

Figure 3-9: Alternative “dove tail” 
design for container lifting. 
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Precautions.  To avoid damage to the container: 

1. Preheat the container before use. 

2. Heat up slowly – 100Fo (55Co)16 per hour rate of heat-up. 

3. Avoid direct flame impingement. 

4. Avoid welding.  If welding is unavoidable, follow this procedure: 

• Preheat to 1000oF (540oC) before welding 

• Weld 

• Anneal immediately after welding: heat to 1600oF (870oC), soak, furnace cool, re-
heat treat. 

5. Avoid sudden cooling shocks. 

6. Operate at the minimum container temperature consistent with good extrusion 
practices. 

7. Check thermocouples often. 

8. Visually inspect the container’s keyways periodically for cracks.  Cracks found in the 
bottom radii should be milled or ground to stop their migration into the container 
body. 

9. Check the container for signs of relative movement in the container holder and repair 
as needed. 

Container Preventive Maintenance Check List. 

1. Maintain good press alignment. 

2. Check thermocouples at least weekly. 

3. Check radii of keyways for cracks each time container is out of the press. 

4. Check container hardness each time a new liner is installed. 

5. Re-bore each time a new liner is installed. 

6. Check for signs of relative movement in the container holder and repair as needed. 

7. Check the faces of the container for nicks, scores, or metal build-up; clean and de-
burr, and readjust if needed. 

 

For additional information on Container maintenance, see “Extrusion Container 

Care and Maintenance” by James M. Pope, page 3-15. 

 

 

 

                                                           
 

 
16 Note that heating or cooling rate is properly expressed in “Fahrenheit degrees” or “Celsius degrees,” 

which are increments of temperature, as distinct from ”degrees Fahrenheit” or “degrees Celsius” which refer 
to points on a temperature scale. 
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Container Liner 

Function.  The container liner resists the abrasive effects of the aluminum and oxides during 
extrusion.  High hardness at elevated temperatures is achieved at the expense of reduced 
ductility, so the liner must depend on the support of the container to resist breakage. 

Material.  The liner is typically an A1S1 H-12 forging.  It is a separate part from the container for 
increased strength and so that it may be replaced when required by wear or damage. 

Shrink Fit.  The liner is subject to axial loading from friction between the billet and container, so a 
shrink fit between the liner and container is used to prevent slippage between the components.  A 
shrinkage of 0.24% of the mantle ID is considered the maximum that may be used17. 

Heat Treatment.  The container is typically hardened, quenched, and tempered to a hardness 
range of 400 - 450 Brinell.  A minimum of 2 draws is recommended, three where a final hardness 
in excess of 477 BHN (50 Rc) is required.  Each draw should be held at temperature for 2 hours 
per inch of thickness, to insure proper soak. 

Desired Material Characteristics.  The container liner material is chosen to provide high 
hardness, low strength, and very low ductility. 

Potential Causes of Damage.  The container liner may be damaged by: 

Thermal Shock:  The liner is very sensitive to any thermal shock.  Any sudden or severe heating 
or cooling of the container may cause breaking. 

Lack of Support:  The liner must be fully supported by the container by means of an accurate 
shrink fit, or it will fail due to the tensile stresses of extrusion.  If the container becomes hotter 
than the liner, the shrink fit will be lost, resulting in failure. 

Excessive Heat:  At elevated temperatures, the liner material will soften, resulting in premature 
wear-out.  Lower operating temperature will result in longer life and lower costs. 

Precautions.  To avoid damage and maximize liner life: 

1. Preheat the liner before use.  A long, slow heat-up (100oF/55oC) per hour is 
recommended. 

2. Be sure that the preheat procedure does not result in loss of the shrink fit. 

3. Keep the liner warm when the press is not operating.  As a minimum, close the ends of 
the container to prevent cooling; advance the ram so that the dummy block is inside the 
container bore.  During longer delays, an electrical resistance heater should be placed in 
the bore of the liner and the ends of the container covered. 

4. Be sure that the container temperature never exceeds liner temperature enough to result 
in the loss of the shrink fit. 

5. Avoid any direct flame impingement. 

6. Avoid any contact with water. 

7. Avoid welding. 

8. Keep the sealing face clean; avoid any accumulation of dirt, aluminum flash, lubricants, 
or water. 

Preventive Maintenance Check List. 

1. Keep the bore from cooling when the press is not operating. 

2. Keep the sealing face clean. 

3. Do not operate with a cracked or broken liner. 

                                                           
17 Hahnel, Werner, and Herder, Manfred, “Tool Steel and Design of Modern Containers for 

Extrusion of Light Metal,” Proceedings of 8th International Aluminum Extrusion 
Technology Seminar, (2004) 
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Editor’s Note;  The following paper was presented by Jim Pope, Special Projects Consultant to 
Lake Park Tool: 

Extrusion Container Care and Maintenance 

by James M. Pope 

Presentation at AEC Press Maintenance Workshop, Chicago, Illinois   May 1st, 2002 

Introduction.  For those of you who work in an extrusion plant, that big hunk of steel referred to 
as “the press” appears to simply sit there and effortlessly produce extrusions.  To the contrary, 
however, this machine is doing tremendous work, and very high stresses are being induced in all 
the major components.  During every push the tie rods are stretching, the main cylinder is bowing 
and elongating, the front platen is bending, the stem is being compressed, and the container liner 
assembly is subject to very high hoop stress forces.  In this presentation we are going to examine 
the container-liner assembly and how to obtain the maximum life from it. 

 Container-liner assemblies are considered expendable tooling and are therefore 
expected to have a finite service life.  Unfortunately they are also one of the most abused parts of 
an extrusion press.  Excluding the dies they are the only part of the press that has to do its work 
at a constantly elevated temperature.  The stem also gets hot, but it is normally half the 
temperature of the container.  Due to the combination of high stresses and heat under which it 
must perform it is imperative that certain procedures be observed in order to get the maximum 
possible life out or your container-liner assemblies. 

Following are the most common causes of premature container or liner damage and failure: 

• Improper pre-heating 

• Over-heating 

• Fatigue cracks 

• Misalignment between the stem and the container 

• Misalignment of the press frame (tie rods)   

• Insufficient bearing area between the die and the liner face 

• Aluminum buildup on the face of the die 

• Caved platen pressure ring or caved platen 

Pre-heating.  Let us start with a review of the proper pre-heat procedures for a new or cold 
container.  The most preferred way to pre-heat a container is in a dedicated pre-heat oven with 
accurate temperature controls.  Lacking this piece of equipment some extruders use their aging 
oven or die pre-heat oven.  When using an extrusion aging oven for pre-heating, the container 
can only be brought up to 400 to 450oF (200 to 230oC).  The remainder of the heating process will 
have to be done in the press. 

 During pre-heating the container should be brought up to extrusion temperature of 700 to 
800oF (370 to 425oC) in increments of 100Fo (55Co).  It is recommended to allow a 15 minute 
minimum soaking time between raising the temperature increments when the container is below 
400oF (200oC).  Once it is above 400oF (200oC) the soaking time should be 30 minutes between 
raising the temperature increments.  The container should have a thermocouple inserted in it to 
verify the temperature.  If the container is being pre-heated in the press there should be a 
minimum of two thermocouples used, one to read the internal temperature at the liner and 
another to read the temperature of the outside diameter.  It is important to monitor the outside 
diameter temperature in order to not over heat and anneal the container.  If a bore heater is being 
used in tandem with the press heaters, care should be taken to balance the heating between the 
two systems.  A bore heater should never be used as the only source of pre-heating a container 
as there is a great risk of splitting the liner and container.  A container should never be put into 
production under 650o F (340oC) with 700oF (370oC) being the recommended minimum. 
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Over heating.  Evidence of over heating is scaling or erosion of the container outside diameter.  
In most instances of over heating the container has also lost its proper hardness.  In extreme 
cases the entire container will be bowed. 

 Annealing of steel is a basic function of 
time versus temperature.  The annealing 
temperature for H-12 and H-13 steels starts at 
1100 o F (590oC).  However prolonged use at lower 
temperatures has the same effect.  Therefore it is 
of utmost importance to limit the temperature of 
containers to 750oF (400oC) or less.  Overheating 
can usually be attributed to inadequate 
temperature controls or in some cases failed 
controls.  Very few presses built prior to the late 
1980’s had more than a single thermocouple to 
monitor the container temperature.  Due to 
increasing complaints about short container life, 
the press builders began to install a second 
thermocouple to monitor the temperature on the 
outside of the container.  This controller was 
normally set at 900 to 950oF (480 to 510oC) and 
would shut off the container heating system if the 
container reached this temperature.  If your press 
does not have an over-temperature protection 
thermocouple one should be installed as soon as 
possible. 

 Today all new presses are being built with 
four to six zones of temperature controls.  Another 
feature now being used in containers is air cooling 
of the liner in the front half next to the die.  This is 
being done as a production enhancement, 
however it has also contributed to keeping the 
container in the desired temperature range.  The 
zone heating and liner cooling are also features 
that are now being incorporated into retrofit 
packages for older presses.  

Fatigue Cracks.  Cracking begins to occur in containers that have been in service long enough 
to begin to lose their hardness.  Most cracks start to show in keyways and this is due to several 
factors.  A loss of hardness is the most common reason and this is due to over heating.  Another 
reason is improper machining.  No sharp corners should exist in internal corners.  They should be 
machined with at least a .125 inch (0.30mm) radius.  Sometimes the container design can be 
modified to eliminate keyways being cut the entire length of the container.  If cracks start to show 
up around lift holes or thermocouple holes this again is usually due to a loss of hardness and the 
resultant bowing.  Once cracking has started to occur, the container’s useful life is basically over.   

Misalignment Between the Stem and the Container.   Some 15 to 20 years ago, before 
widespread use of fixed dummy blocks, container alignment was not a real critical component of 
extrusion press operation.  As long as the container was close to being centered on the die and 
the billet would go into the liner bore and the stem was close to being in line with the liner bore, 
this was good enough as the loose dummy blocks of that era had excellent self aligning 
properties.  Today, with almost universal use of fixed dummy blocks, accurate container 
alignment is critical to the operation of an extrusion press.  Some fixed dummy blocks are 
designed to float or adjust for small amounts of misalignment.  However the ability for dummy 
block self alignment should not be an excuse for not having precise guiding of the container and 
good alignment adjustment capability.  Misalignment between the fixed dummy block and the 
liner bore can cause chips to be cut out of the entry end of the liner face.  Longitudinal score lines 
on the inside of the liner bore are also an indication of the container bore not being concentric 
with the press centerline.  

 
 

 
 

Figure 3-10: Container with crack through 
keyway, probably caused by overheating.  

A larger radius may help eliminate this 
problem 

(Photos courtesy of Lake Park Tool) 
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Misalignment of the Press Tie Rods.  If the tie rods have lost their pre-stress or the cylinder 
and front platens are out of tram this could cause the container to shift away from the press 
centerline during extrusion.  This condition would cause longitudinal scoring inside the liner bore.  
This condition cannot be detected by simply checking the clearances between the stem and liner 
bore when the press is at rest as the container shifts out of alignment only after pressure has 
been applied.  A pre-stress and tram check of the press is required to find and correct this 
problem. 

Insufficient Bearing Area Between the 
Die and Liner Face.  To prevent flashing 
of the aluminum between the die and the 
liner, a positive clamping force is applied to 
seal the container against the die.  This 
force is greatly augmented at the 
beginning of extrusion by the force of the 
press.  This is due to a good percentage of 
the press tonnage being transmitted into 
the container due to friction of the billet 
against the liner bore.  This force 
diminishes as the billet is extruded until a 
point is reached whereby a reverse force is 
actually induced into the liner.  One would 
think that it would be easy to calculate the 
force of the liner on the die and allow for 
sufficient bearing area.  However it is not 
so simple. 

 The sealing pressure exerted on 
the die by the press container shift 
cylinders is easy to calculate.  The 
additional forces emanating from the press 
are very difficult if not impossible to 
determine as they vary with the pressure 
required to extrude each billet and are 
constantly diminishing as the ram 
advances through the container.  To 
reduce or prevent die indentation into the 
liner face, ideally there should be a 
minimum of 1 ½ inches of bearing area 
around the liner.  This means that a 7-3/8 
inch bore liner should have a 10 3/8 inch 
die face. In the real world this does not 
usually happen due to the costs of the 
larger dies.  Most presses with a 7-3/8 liner 
bore have die faces of only 8-1/2 inches 
and sometimes even less.  This is the 
reason that the die coins itself into the face 
of the liner and it must be periodically 
faced off.  When a container is relined a 
minimum of ¼ inch but no more than ½ 
inch should be allowed for future facing.  In 
no case should the liner be allowed to 
become flush with the container.  

Aluminum Build Up on the Face of the 
Die.  The build up of aluminum on the face 
of the die will cause flash outs and 
damage to the face of the container.  The 
internal bore of the liner could also 

 
 

 
 

 
 

Figure 3-11: Liner with badly coined face, 
probably due to insufficient contact surface 

between die and liner face. 
(Photo courtesy of Lake Park Tool) 
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experience scoring if the build up is of sufficient thickness and is unevenly distributed around the 
die to such an extent that it forces the container off centerline.  The dies need to be kept clean 
and free of this buildup.  The buildup of aluminum is mainly caused by the butt shear not severing 
the butt cleanly off the die.  This can be the fault of the shear in that its design is not conducive to 
clean shearing.  Another contributing factor to aluminum buildup is the fact that in most presses 
the die tooling is not held in position securely enough to prevent moving during shearing.  
Spraying the face of the die is one remedy but not a cure.  A more long term solution is to install a 
butt shear that has a well guided blade carrier and a sharp cutting angle on the shear blade itself.  
For the shear to operate most efficiently a positive die hold-down that is hydraulically activated is 
required.  This device will hold the die tooling securely in place during shearing. 

Caved Pressure Ring and/or Caved Platen Seat Behind the Ring.  If the die support ring in 
the platen or the platen itself is dished or caved in, this will cause the container to move off 
centerline and cause the same problems as die build up.  This condition will also cause numerous 
die problems, however this subject is not part of this presentation. 

Inspection before relining.  When a container does need to be relined, a thorough inspection of 
the unit in your plant could save you the cost of shipping a heavy piece of scrap to a reline shop.  
If the container has extensive cracks in the keyways or in lift holes or in thermocouple holes or is 
annealed and bowed, it is probably not worth relining.  New containers made from 4340 forged 
steel are heat treated to 34-38 Rockwell “C” scale.  If H-13 is used for the container they are heat 
treated to 38-42 Rockwell “C”.  The liners are mostly made from H-13 and are heat treated to 44-
48 Rockwell “C”.  If A-286 or Inco alloys are used for the liners they are solution aged to 40-44 
Rockwell “C”. 

 In summary there are a number of corrective measures that can be taken to get the most 
life possible out of your containers and liners. Understanding the cause of the problems will allow 
you to take the proper corrective measures that will extend the life of your container/liner 
assemblies. 

Container Life and Relining Frequency18 

 “The mantle and sub-liner are under repetitive mechanical stress and thermal stress, and 
accordingly the materials eventually start to degrade.  Therefore, extrusion conditions, notably 
pressure and temperature, dictate life expectancy of the container body and sub-liner.  Typically, 
bodies (mantles) are expected to perform at least 5 to 10 years before replacement is necessary.  
Sub-liners (outer liners) should last at least 5 to 10 years, while a liner generally requires 
replacement every 12 to 18 months, predominately due to wear.” 

Spare and Replacement Tools 

The following recommendations are offered for maintaining spare tools such as 
container, liner, ram, etc.: 

• Maintain accurate drawings of all tools, for purchase or repair of replacement of 
spares. 

• Inspect spare tools when received (new or repaired) for condition and conformance 
to dimensions. 

• Store spare tools in a warm place, to minimize preheat time and avoid thermal shock. 

 

Dies & Back-up Tooling 

While not normally considered a part of “press maintenance,” proper care and handling of 
dies and support tooling are critical to smooth press operation.  For example, in plants where the 

                                                           
18 Chien, Ken; Dixon, Bill; Robbins, Paul; and Jowett, Chris;  “The Design and Benefits of a 

Thermally Stable Container,” Proceedings of 11th International Aluminum Extrusion 
Technology Seminar, (2016), p.427-450. 
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outside dimensions of the tooling stack do not adhere to strict tolerances, excessive maintenance 
to the butt shear and die changer will result. 

 Additional information on maintenance of dies and back-up tooling is contained in the 
following article, “Preventive Maintenance of Extrusion Tooling,” by Gary Dion, Nova Tool and 
Die, Inc. 

 

Die and Tooling Cleaning 

 Dies, dummy blocks, and other tooling must periodically be cleaned of aluminum build 
up. 

 “The use of sodium hydroxide for die cleaning, rather than employing emery paper, can 
result in a decrease in extrusion pressure, permit lower temperatures, higher speeds, and less 
metal pickup, partly because of ther superior finish on bearing surfaces.  Solutions of 10% to 25% 
are customary.  When tanks are employed, “standard” solutions are the rule, but a higher 
concentration is necessary if wiped on.  Tank solutions are heated to about 140oF (60oC).  
Thorough rinsing is necessary following cleaning to guard against caustic effects on the 
aluminum.  Precautions against excessive breathing of fumes as well as direct contact with the 
skin, particularly the eyes, should be taken.  Potassium hydroxide also is used for cleaning but 
the cost may be prohibitive.  Cleaning caustics may stain extrusions19.” 

 

  

                                                           
19 From “Extrusion Dies and Tooling Manual: Recommended Handling and Maintenance,” AEC 

(Aluminum Extruders Council), www.aec.org. 
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Recent Improvements in Container Design 

Container Heating.  In years past, most 
containers were heated by electric 
heating elements located outside the 
container, in the container housing 
(Figure 3-12).  However, the need for 
more uniform container temperatures as 
well as improved container life led, some 
years ago, to development of systems to 
heat the container from inside the mantle 
(Figure 3-13).  In the case of external 
heaters, it is possible that the heat 
source combined with the heat from 
extrusion may cause the mantle to 
overheat and become annealed20 
(Figure 3-14). 

 Another improvement designed 
to improve temperature uniformity is the 
change to multiple zones of control.  
Newer presses often offer 4 or 6 zones 
of control, divided into 2 or 3 zones 
axially, as well as separate zones top 
and bottom (Figure 3-15). 

 An important requirement is to 
provide thermocouples for each zone 
and also for the mantle itself, to prevent 
over-temperature and annealing. 

 Note that axial variations in 
temperature along the liner, caused by 
heat loss at the container end faces, 
may result in a higher temperature near 
the center and result in “bulging” or 
“barrel” effect. 

Container Cooling.  Most new presses 
now offer optional cooling of the container liner, by means of passages for compressed air to 
circulate around the container liner.  Air flow is typically controlled by PLC.  Combined with multi-
zone heating control, PLC controls may maintain liner temperature within a range of 10Co (18Fo). 

FEM Analysis is an essential tool for analyzing the sum of stresses in the container and liner, 
including thermal stresses.  Figure 3-17 illustrates a FEM analysis of a container mantle and liner 
with cooling, indicating increased stress levels at the cooling grooves.  Similar analyses allow 
design improvements to reduce stress levels and improve container life. 

 

 

  

                                                           
20 Hahnel, Werner, and Herder, Manfred, Ibid. 

 
 

Figure 3-12: Container with external heating 
elements. 

 

 
 

Figure 3-13: Container using heaters inserted 
into the mantle. 
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Further references on modern improvements in 
container design are listed in the footnotes21,22,23. 

                                                           
21 Wieser, Volker; Sommitsch, Christof; Haberfellner, Kurt; and Lehofer, Paul; ”New 

Developments in the Design and Production of Container Assemblies,“ Proceedings of 
8th International Aluminum Extrusion Technology Seminar, (2004). 

22 Van Dine, Dennis, “Thermal Control of the Extrusion Press Container,” Proceedings of 8th 
International Aluminum Extrusion Technology Seminar, (2004) 

23 Robbins, Paul, “Superextruders: Improving Container Life Through Temperature Control,” Light 
Metal Age Magazine, April 2003, Page 44. 

 
Figure 3-14: Influence of external vs. internal 
heating systems. (Illustration courtesy of Kind & Co.) 

 

 
Figure 3-16: Container cooling grooves  

(Illustration courtesy of Kind & Co.) 

 

 
 

Figure 3-15: Various multi-zone heating systems 
(Illustration courtesy of Kind & Co.) 

 

 
 

Figure 3-17: Finite element analysis of container 
during extrusion cycle, with cooling (from Wieser, 

footnote 11) 
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Development of a Thermally Stable Container 
 Research and analysis presented at Extrusion Technology seminar ET1624 states that “the 
key requirement of the container and its heating system is that it controls the temperature of the 
liner within each of up to eight zones, and that it does so rapidly ….  (T)he authors argue that the 
only practical control system is to have multi-zone control with heaters and thermocouple located 
as near the liner as possible.  In addition, the use of cooling channels is then unnecessary, and 
removal of heat from the liner by conduction to a relatively cool container is preferred.” 

 By their analysis, heaters on the outside of the container must not only be replaced by 
heater elements inserted into the mantle of the container, but also must be located close as 
practical to the liner.  This arrangement also results in a more stable extrusion temperature as 
well as a shorter time to reach stable temperature after a shut-down such as a weekend 
stoppage. 

 “The best practice in the event of a relatively short delay is to set each zone to a lower 
temperature of around 350oC (662oF).  To minimize convective losses from the interior of the 
container liner to the surrounding atmosphere, the stem and dummy block should be inserted 
approximately 50 percent to 75 percent, and the container closed onto a die set in the die 
cassette, but not necessarily held with die sealing pressure.” 

 “When is it appropriate to add cooling to a container?  A Well-designed container with 
optimally developed heat flu gradients ….. plus the use of a higher conductivity steel in the 
container body, should be able to cope with …. the higher productivity levels in the 6xxx-series 
alloy extrusion world.  In other words, in almost all cases, a modern container can balance heat 
flow out with excess heat generated in the process, and by thermocouple modulation to control 
temperature in each of the control zones, and maintain the necessary thermal gradients in the 
container body.” 

 “However, there are instances and press lines with specialty products that produce at 
significantly higher productivity levels, generating more deformation heat, and in need of 
additional cooling to avoid container and process overheating, and to avoid the need to slow 
down.  A typical example is in high-productivity automotive climate control multi-hole coiled tubing 
in 3xxx-series  or 1xxx-series alloys ….” 

Two-Piece and Three-Piece Multi-Zone Container Designs 

 “A two-piece container consists of the container body (or mantle) with only the one-piece 
liner.  This simpler design is adequate for most lower-pressure presses, which can generally be 
defined as those operating at specific pressures of 690MPa (100,000psi) or less, i.e., traditional 
design presses for conventional 6xxx-series alloy extrusion.  When presses operate at higher 
specific pressures, it is recommended that a three-piece assembly be used, with a sub-liner 
(often referred to as an outer liner), generally manufactured from 4340 steel, between the 
container body and inner liner to provide additional support and stiffness, thereby reducing 
deflection under pressure.” 

 “In addition, three-piece containers are recommended when presses are used to extrude 
alloys with lower flow alloys, i.e., 1xxx-series and 3xxx-series alloy groups, and at higher 
extrusion ratios…. A further situation requiring the use of a three-piece container, and the 
additional stiffness, is with longer container presses  Containers in excess of 1.2m perform better 
with a sub-liner.” 

 After the detailed study reported in this paper, the authors conclude, “4340 is a preferred 
material with increased toughness and fatigue resistance, therefore better able to accommodate 
the applied stress levels and cyclical loading conditions in a container body.  The 4340 has the 
added benefit of higher thermal conductivity at 42W/moK …. therefore is better capable of quickly 
developing stable thermal gradients, and better able to conduct heat from the critical deformation 
zone inside the container during extrusion.”

                                                           
24 Chien, Ken; Dixon, Bill; Robbins, Paul; and Jowett, Chris;  “The Design and Benefits of a Thermally Stable 

Container,” Proceedings of 11th International Aluminum Extrusion Technology Seminar, (2016), 
p.427-450. 
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Following are a few selected images and recommendations from a presentation by Dan Dunn of 
Castool about extrusion containers, from the AEC Press Maintenance Workshop, Atlanta, April 
17, 2018.  For details contact Dan.Dunn@castool.com 

 
As related in this chapter, page C-12, location of container heaters is critical to proper 
temperature control: 
 

 
 

 
Heaters internal to container (left) and located close to liner (right) 

 

 
Infrared images with external heaters (left) and heaters near liner (right) 
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Storage of Cartridge Heated  Containers 

When not in use Cartridge heated containers should be stored in a dry environment with minimal 

or no humidity. At no time should the container be stored outdoors in the rain or shipped without 

proper covering to keep the electrical system dry.  

Prior to applying power to the container a megohm test should be completed to verify it is safe to 

apply full power to the container. 

A frequent problem in regards to cartridge heaters that use MgO (magnesium oxide) as an 

insulator is they may develop a low megohm or insulation resistance. While MgO is compressed 

to a rock hard state and has excellent dielectric properties when dry, it is still able to absorb and 

retain moisture from the atmosphere. This hygroscopic nature of MgO can result in high leakage 
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currents when elements have not been energized for long periods of time. It is therefore 

recommended that elements or assemblies that have a low megohm reading less than 0.25 

megohms (250,000 ohms) be dried out before use.  Although electric heating elements have 

been safely energized with virtually no insulation resistance it is highly recommended that proper 

insulation resistance be restored to eliminate any possible damage to the heater or safety hazard 

to personnel. It is recommended to insure proper wiring and grounding of the system in 

accordance with the National Electrical Code and other state and local regulatory agencies. 

Drying the Elements 

A simple and practical method of drying the elements is to preheat the container in an oven at 

350 °F / 175 °C for approximately 12 hours or until satisfactory megohm readings have been 

restored. 

Measured readings of 1000 times the rated voltage indicate safe energizing at full power. For 

example a 480 volt heater should read 480,000 ohms to ground using the 500Vdc or 1000Vdc 

setting on a high range ohmmeter(megger). 

Wiring Protection 

Contaminants such as oil, abrasive or spray can enter the unsealed element and deteriorate 

insulation. Care should be taken to keep the electrical channel housing and electrical system as 

dry as possible and free of contaminants.  

If the container is operating within specification, the cover plate should not be removed. 

Resistance and current readings can be taken at the wiring connections on the container and the 

main power junction box.  

Recommended Spare Parts 
• Elements (long delivery time) 

• Thermocouples 

• Solid State Relays 
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The following article originally appeared in Light Metal Age in October 2021, and is 
reprinted here with permission. 

 

Material Selection for Extrusion Tooling 
Yahya Mahmoodkhani and Paul Robbins 

Castool Tooling Systems, 2 Parratt Rd, Uxbridge, ON L9P 1R1, Canada 

Abstract 

This paper will discuss the most important aspects of material selection for extrusion 

tooling in detail. Correct material selection and proper heat treatment for tooling are vital 

factors of profitability.  A good decision theory must consider different aspects and 

variables, including cost, longevity, cycle time, recovery, energy, health and safety, and 

environmental impact.  All tooling fails at some point; the questions to ask are how long it 

lasts and why it fails.  The processes that are mostly to blame for premature failures include 

improper temperature, cycle time, alignment, pressure, and lubrication.  Next come design- 

related issues, such as strength, thermal management, lubrication, and wall thickness.  

Making a design change at little to no cost is often the best solution for these problems.  As a 

last resort, alternative materials may exist to offer better protection and extend useful life with 

better strength, conductivity, wear resistance, and other factors.  Finally, it is necessary to 

avoid overspending on tooling materials by optimizing a combination of variables: cost, 

longevity, ram speed, and recovery. Simulation is a powerful tool for material selection, 

evaluation, and optimization of the tooling before committing to the final design. 

 

Introduction 

Extrusion tooling parts can be classified into two categories: tools in direct contact with 

the deforming workpiece (such as the container liner, dummy block, and die) and tools that 

are not in direct contact with the deforming     workpiece and act as support or auxiliary 

parts (such as    the container body, stem, and die bolster).1 

The first group are tools that either directly or indirectly participate in producing 

the shape of the profile.  Within this group, some parts are moving against each other with 

a tiny gap between them.  Sometimes they may even touch and  slide against each other 

during the process.  The contain-er liner, dummy block, and clean-out block are good 

examples of this.  These tools need to have excellent wear  resistance in high temperatures 

to maintain the critical gap between themselves over their operational life.  They must 

also be able to resist wear and damage in case of contact. 

On the other hand, there are periods when these tools are not in contact with the 

hot workpiece, i.e., the dead cycle and idle time, when they experience relatively large 

thermal fluctuations at the surface, especially once they touch the hot billet.  When this 

happens, they need to have good toughness and thermal shock resistance.  A drop in 

hardness always follows a gain in toughness:  this is a good rule of thumb for engineering 

materials.  The challenge is to balance the hardness and toughness to get  the best life out of 

the tool. 

Material selection for extrusion tooling is a key factor in   profitability
1.  Hot 

work tool steels with a tempering temperature of around 600°C (such as H13) are the 

primary materials used for extrusion tooling that directly contact the workpiece.  These 

materials are appropriate because they provide a good combination of mechanical 

properties (wear resistance and strength) at elevated temperatures.  Hot work tool steels 

are suitable up to about 50°C below the tempering point, which allows them to perform   
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properly in the extrusion of a wide range of materials, such     as aluminum, magnesium, and 

zinc alloys.  For extruding    materials with higher melting points, such as copper, the  

surface temperature of the tooling in direct contact with the workpiece can reach 700°C 

and above, which is well  above softening temperature of hot work tool steel.  Depending 

on the process and expected tooling life, alternative materials can be used, such as 

superalloys and hot work tool steels with higher molybdenum and tungsten. 

 

The tooling that is not in direct contact with the work-piece, such as the container 

subliner, usually performs at lower temperature ranges.  They do not have to be made from 

hot work tool steel, unless the super hot billet temperature or process parameters mandate 

using hot working materials.  For example, using hot work tool steel for the container body 

is overspending, considering that some low alloy steels (such as 4340) are suitable based 

on strength and temper resistance.  In fact, 4340 is even better than hot work tool steel 

in terms of toughness and conductivity, and it makes it a better choice for the container 

body. 

 

Decision Theory 

There are several aspects to consider when deciding on a suitable material for extrusion 

tooling, including cost, longevity, cycle time, recovery, energy, health and safety, and 

environmental impact.  Extruders want tooling with maximum longevity and minimum 

cost.  Therefore, it is essential to have the reasonable estimation of a reliable life span of 

the tooling to avoid unscheduled downtime.  Besides, cost and life are not the only 

important parameters.  Good tooling is supposed to improve productivity by helping the 

extruder make high quality profiles at high extrusion speeds
2
.  

The most important properties for extrusion tooling materials are listed in Table I.  A 

number of factors come into play when deciding on a material, including longevity, cycle 

time, recovery, and energy usage.  By defining and weighing these factors, one can easily 

select the best material that fits the specific application.  Longevity is a function of several 

parameters, including strength, toughness, and temper resistance. 

Extrusion cycle time consists of contact time and dead time.  Contact time is in 

direct relation with the ram speed.  Therefore, a more conductive material can dissipate more 

deformation heat to extrude faster and shorten the cycle time. 

Dead cycle time is usually as short as possible, depending on press capabilities.  

However, in copper extrusion with super hot billets, dead cycle time is deliberately prolonged 

so that the tooling has enough time to dissipate the heat absorbed during the contact time.  

In this case, a material with higher thermal conductivity can help to reduce the dead cycle 

time. 

The effect of tooling material on recovery is not as obvious.  However, any scrap due 

to tooling material limits and tooling failure will decrease the recovery.  And finally, energy 

can be saved by shortening the contact time between the materials. 

 

Failure Analysis 

All tooling fails at some point.  When this happens, the questions to consider are how long 

the tooling performs before failing and the cause of the tooling failure.  Processes that cause 

overheating or overloading are often to blame for premature failures.  Next comes the design, 

which can be modified with minimal or no additional cost.  Finally, there may be materials 

that can extend the useful Iife of the tooling, but they are often associated with a significant 

cost increase. 

Wear and fatigue fracture (crack propagation) are the usual failure modes of 

extrusion tooling.  Wear can be tolerated, as the machine will still operate despite 
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sacrificing some recovery.  However, a fatigue fracture will stop the process, causing 

unscheduled downtime.  Unfortunately, unscheduled downtime often costs more than the 

tooling price, causing possible damage and safety concerns. 

Each material has its own thermal/mechanical limits.  A premature failure is 

possible if these limits are met or passed due to overloading, overheating, or improper 

process control.  Process factors to consider include temperature, cycle time, alignment, 

pressure, billet length, lubrication, and alloy. 

Temperature:  Tooling temperature must be kept 50 °C below the tempering temperature 

of the material to avoid softening.  In extrusion, the set temperatures for the billet, container, 

and die preheat are well below the softening temperature of the tooling materials.  

However, during the process, some locations may be uncontrolled for temperature, such as 

die bearing.  These locations are usually the hottest points where the temperature can 

reach and even surpass the softening temperature. 

Cycle Time:  If the contact time is too long, the tooling (specifically the dummy block) 

will be under enormous loads for a long time, which can cause permanent deformation by 

creep phenomenon, even though stresses are kept below the material's yield point. 

Alignment:  Misalignment can cause the dummy block  to inflict unwanted wear on the 

container liner.  It can also generate huge stresses from bending forces applied on the  

stem. 

Pressure:  For extrusion of hard alloys, a face pressure of   over 90 ksi is usually needed, 

which reduces the tooling life significantly. 

Billet Length:  Billet with a larger length-to-diameter ratio need higher pressures.  At the 

same time, they generate more heat inside the container.  Extruding a double-length billet 

can produce a quadruple amount of heat inside the container. 

Lubrication:  Lubrication can prolong tooling life by decreasing pressure and wear. 

Aluminum Alloy:  The billet material is the key parameter that dictates extrusion 

process conditions.  Structural alloys with high Mg and Si can cause more wear while 

requiring higher pressure and longer cycle times.  In Table II, aluminum alloys are divided into 

four categories based on their hardness and strength.  The range of extrusion parameters 

is listed for each category, and the recommended extrusion tooling materials for the 

container and dummy block are noted. 
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Improving Tooling Life 

Design:  A design change is an effective and inexpensive   method to improve the tooling life 

and extrusion productivity.  For example, moving the heating elements from the container 

body to the subliner makes the body stronger and improves thermal management at 

almost no extra manufacturing or material cost. 

Material Selection:  The material cost usually accounts for more than half of the total price 

of tooling.  There might be materials that can extend tooling life, but they are often more 

expensive, making the new material economically unreasonable.  For example, E40K has 

better toughness than H13 but with the same strength level, which means that using it in the 

container liner should extend the liner life by at least 50%.  However, E40K is also 100% 

more expensive than H13 (Table I).  Considering that wear is the leading cause of failure, the 

cost of using E40K may not be worth the limited increase in the useful life of the tooling. 

Optimization and Simulation:  Optimization of the process can only be achieved with 

consideration of the mechanical and physical limits of the tooling material.  For example, 

press manufacturers are constantly increasing the face pressure of extrusion presses.  This 

allows extruders to extrude colder and longer billets faster, but on the other hand, it can also 

shorten the tooling life and cause unscheduled downtime.  Simulation tools can be used to 

effectively prevent such inconsistency between the machine capabilities and material limits. 
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Simulation is an ideal tool to visualize the outcome before committing
3. Furthermore, 

material selection, design, and even recipe development can be optimized and balanced 

using simulation software. 

 

Conclusions 
Material selection for extrusion tooling is an important consideration and must be 

consistent with the process conditions and failure mode of the tooling.  The key 

parameter to consider in the extrusion process is the alloy being extruded.  The rest of 

the process parameters can be estimated based on the billet material .  The extrusion 

process itself is often the primary source of the failure, followed by the tooling design, 

which can often be improved with minimal cost.  There may be materials that provide 

better tooling life, but overspending must be avoided. 
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Material Selection for Extrusion Containers 
 

Yahya Mahmoodkhani and Paul Robbins 
Castool Tooling Systems, 2 Parratt Rd, Uxbridge, ON L9P 1R1, Canada 

 

Introduction 

The most critical tools in extrusion that work under high stress and/or high temperatures are dies, 

containers, dummy blocks, and stems.  However, due to harsh thermomechanical conditions, 

these tools are susceptible to failure more than other tooling components.  Therefore, determining 

the most common failure modes and selecting the proper alloy is essential to extend their 

operational life. 

Among these tools, the container is the heaviest and the most expensive.  On average, 

containers represent about 80% of the total mass of the tooling group.  For example, an 8-inch 

container weighs about 4 tons while the total weight of the stem, dummy block, die set, and 

bolster is under a ton.  Therefore, the mass share of the container body (mantle) is 60-90% of the 

total weight of the container.  Since the container body weighs more than 50% of the total mass 

of the tooling group, this explains how material suppliers are affected by material selection for 

container bodies, considering that about half of the total cost of the tooling is spent on the 

material 1. 

Sauer2 suggests using hot work tool steels such as 1.2343, 1.2344 and 1.2367 for all 

container parts (Liner, Sub-liner and Body) as the container is subjected to high temperatures.  

Contrarily, Robbins et al.3 believe that using low-alloy high-strength steels with higher thermal 

conductivity, such as 4340, is more than safe as a container body and improves productivity by 

providing better heat dissipation and thermal control. 

A previous article was published in the last issue of Light Metal Age on material selection 

for extrusion tooling in general1.  This article discusses the most important aspects of material 

selection and its interaction with design features for container components. Then, experimental 

observations and simulation studies are used to verify and evaluate the theory. 

Decision Theory 

Different parts of the container need different properties.  The liner is under severe wear due to 

contact with the billet surface and the dummy block, while the body is under cyclic tensile 

stresses due to the mixed effects of shrink fit, temperature and billet pressure.  Therefore, the 

liner must have high hardness and wear resistance at elevated temperatures, while the body 

needs to have high toughness to impede crack propagation and fatigue.  On the other hand, the 

body must last longer as it is the biggest and most expensive part of the container, so it must 

have excellent fatigue-resistant properties. 

Table 1 lists common materials used in extrusion containers and their key properties and 

proposed application in the container.  
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Table 1: Common alloys used for extrusion containers [1] 

Alloy Strength Toughness 

Tempered 
/Aged 
[°C] 

Thermal 
conductivity 

[W/mK] 

Cost 
factor 

Application 

Low  
Alloy 
Steel 

4340 ●● ●●●●●● 

540 (38 
HRC) 

600 (34 
HRC) 

630 (32 
HRC) 

42 75 
Body 
Sub-liner (34-38 HRC) 

Hot 
Work 
Tool 
Steel 

H11  
(1.2343) 

●●● ●●○ 

630 (42 
HRC) 

650 (38 
HRC) 

26 100 Sub-liner (38-42 HRC) 

H13  
(1.2344) 

●●●● ●●○ 

620 (48 
HRC) 

630 (46 
HRC) 

650 (42 
HRC) 

660 (38 
HRC) 

24 100 
Liner (46-48 HRC) 
Sub-liner (38-42 HRC) 

E40K ●●●● ●●●○ 

600 (48 
HRC) 

620 (46 
HRC) 

30 200 Liner (46-48 HRC) 

Super 
Alloys 

IN718 ●●● ●●●● 
720 (44 
HRC) 

13 1500 
Copper Extrusion Liner 
(40-44 HRC) 

A286 ●● ●●●●● 
720 (34 
HRC) 

15 750 Copper Extrusion Liner 

 

Material selection for a container should be based on process parameters, and among them, the 

billet material is the main factor1.  Table 2 summarizes how the billet material can affect process 

parameters, hence the proposed container material configuration.  
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Table 2: Container material/design and process parameters based on billet material [1] 

Extrusion 
Aluminum Alloys 

Copper 
Soft Medium Hard Extra Hard 

Aluminum 
Alloy 

1100 / 1060 / 
1350 / 3003 / …

6063 / 6005A / 
6061 /… 

6082 / HS6S / 
7003 / … 

7075/7B04/ 
2XXX/5XXX/… 

Copper and  
Copper Alloys 

Container 
3 pc 
(4340/4340/H1
3) 

2/3 pc 
(4340/4340/H1
3) 

3 pc 
(4340/4340/H1
3) 

3 pc  
(4340/H13/E40
K) 

3 pc 
(4340/H13/Incone
l) 

Ram Speed 8 - 20 in/min 15 - 40 in/min 8 - 20 in/min 2 - 8 in/min > 20 ipm 

Exit 
Temperatur
e Window 

Large 
Medium (6061: 
Small) 

Small 
(7003:Medium) 

Small Large 

Load Low Medium High Extra High High 

Extrusion 
Ratio 

High Medium Medium Low  Low  

Profile 
Complexity 

Thin Walled  
(Micro-Tube, 
etc) 

Medium to High Medium Low  Low  

Container 
Taper 
(°F/cm) 

0.5 1 0.5 No Taper No Taper 

Container 
Air Cooling 

Free Air with 
Fins 

Forced Air 
Through Fins 

Free Air with 
Fins 

No Cooling 
Forced Air 
Through Fins 

 
 
Figure 1 shows the evolution of a container's design and material configuration for a 7XXX extra 
hard alloy.  The life span of the liner was extended from four months to more than ten months. 
 

Figure 1: Evolution of a container to improve the life for extrusion of 7XXX extra hard aluminum 
alloy. 

 
How Does Design Affect Material Selection? 

Material and design have a close relationship.  A weak design can dictate the usage of improper 

material.  For example, in externally heated containers, the outer surface of the container can get 

overheated before the inner surface of the container reaches the desired temperature (Figure 2). 
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On the other hand, an overheated container body can soften if its temperature gets higher than 

50°C below tempering temperature2.  For example, a 4340-body tempered to the hardness level of 

34 HRC would start to degrade at temperatures above 550°C, while H11 hot work tool steel 

tempered to 38 HRC resists softening up to 600°C. 

Figure 2 shows that by moving the heating elements toward the liner, the container body works at 

a lower temperature which puts it in a safer position and opens the door for using lower-alloyed, 

more conductive steels. 

 

Figure 2: Simulation predictions for the effect of heating element location on temperature 

distribution in the container (QR: Quick Response; COM: elements at Centre of Mantle; EH: 

Externally Heated). 

 
 

From a mechanical point of view, the design of the container also affects the material choice. In a 

2-piece container, the body's ID is under more stress than that of a 3-piece container as it is further 

away from the pressurized liner.  In a 3-piece container, the sub-liner is supported through the 

shrink fit with the body, which neutralizes a portion of the stress during the process and decreases 

the stress on the subliner.  An H13 liner with 46-48 HRC hardness has more than enough strength 

to avoid yielding during extrusion, no matter if the container is a 2-piece or a 3-piece.  On the other 

hand, a 4340 body with a hardness of 34-38 HRC is under high stress at the ID, which is close to 

the yield strength of the material.  By using a 3-piece container, the peak stress at both subliner 

and body can be reduced to improve the safety factor. 
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Figure 3: Stress distribution in a 2-piece VS a 3-piece container with 90 KSI (620 MPa) face 

pressure: equivalent strengths for two different hardness ranges are marked. 

 
 

Is it Necessary to Use Hot Work Tool Steel in the body? 

The use of hot work material, such as H13 tool steel, in a container liner is mandated by the need 

for hot strength and hot wear resistance. However, is it necessary to use hot work tool steel for the 

sub-liner and the body? Well, it depends on the temperature levels during the process. Nominal 

temperature distribution during the extrusion of AA6063 aluminum alloys is shown in Figure 4. The 

level of temperatures is much less than the tempering temperature of H13 at 46-48 HRC. Low 

alloyed steels (such as 4340) at required hardness levels for a container subliner and body can 

handle these temperatures. 

Figure 4: Temperature distribution during the extrusion of AA6063 aluminum alloy. 
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Depending on the process parameters and container design, even during the extrusion of higher 

melting point alloys such as copper, the temperature of the container body can be tolerated by 

4340 steel. However, the liner temperature can reach 700°C (Figure 5), and higher, which even hot 

work tool steels can not tolerate and a more heat-resistant material such as Inconel is needed. 

Figure 5: Model-predicted temperature distribution in a container during copper extrusion. 

––  
 

The use of low alloyed steels such as 4340 in a container is favourable due to the higher thermal 

conductivity and toughness. 

Material Conductivity Can Affect Productivity 

A more thermally conductive material can potentially increase productivity by improving heat 
dissipation throughout the container and allowing the extruder to increase the ram speed4.  Figure 
6 shows simulated predictions for the effects of material conductivity on heat dissipation during 
extrusion. For example, 4340 has about 75% more thermal conductivity than H13. Therefore, 
using 4340 in the body and subliner can add 22% more heat dissipation which delays the thermal 
saturation of the container and decreases the exit temperature. The extruder will then be able to 
increase the ram speed and improve productivity. 
A side note: for slow ram speed processes where the press capacity and tooling strength are the 

limitations (such as the extrusion of extra hard aluminum alloys), the rate of heat dissipation 

dominates the heat generation inside the container so that an H13 subliner with lower 

conductivity may work better. 
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Figure 6: Effect of container material on heat flux during extrusion. 
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Use of Premium Steels for Extrusion Tooling 
By Werner Hahnel, Kind & Co. 

From an article in Aluminium International Today, September/October 2021 

(Reprinted with permission) 

Tool costs and tool life are decisive for the performance of an extrusion line. The pure tool costs 

are always put in relation to the service life achieved. Furthermore, the use of premium tool steels 

increases the product quality because the premium grade has a higher strength and toughness. 

The use of premium tool steel is also more economical because fewer tools have to be changed 

and thus there is a higher availability of the extrusion press. In addition, premium tool steels 

enable the production of particularly critical profile geometries.  

Tool costs of the extrusion tools are determined by the following groups: 

1. Extrusion die and mandrel 

2. Stem and fixed dummy block  

3. Container, inner and intermediate liner as wear parts. 

For all tool groups, the specific load and, based on this, the desired material properties for the 

component are derived in this article. Very often premium tool steels from Kind&Co with precisely 

tailored property profiles will solve the task best and most economically. All premium steels listed 

here have been developed by Kind&Co and optimised for the respective application. 

Extrusion dies and mandrels 

Driven by the electrification of vehicles, there is an increasing trend to use ever lighter aluminium 

profiles. This trend towards thinner-walled profiles requires higher stability for the die, because 

higher pressures and temperatures occur in the forming process. This also increases the loads 

on the die package, which in turn has a negative effect on the service life of the dies and thus 

increases production costs. To break this negative spiral, Kind&Co has developed premium tool 

steels especially for these applications. The well-known premium steels TQ1 and HP1 from 

Kind&Co have been used successfully for years.  

Well-known aluminium extruders are increasingly using premium steels for dies in the following 

product groups: 

• Filigree aluminium profiles (e.g. cooling fin profiles), 

• Large batches as frequently known from the automotive industry (e.g. bumpers, sills), 

• Project business, depending on the size and difficulty of the project (e.g. train profiles for 

the railway). 

As a result, the extruder achieves twice the tool life at 15-20% higher tool costs by using TQ1 

premium steel. A coordinated nitriding cycle also leads to an even better die service life. Premium 

tool steels can be nitrided together with standard steels. The nitrided layer on premium tool steels 

provides a much longer tool life than standard steels. As a rule, the service life of the nitrided 

layer on TQ1 is twice as long as on good standard steels. Kind&Co has assisted many customers 

in optimising the nitriding process of premium tool steels to the existing plant technology.  

Stems and fixed dummy blocks 

Increased extrusion pressures in aluminium extrusion also pose a challenge for extrusion stems 

and dies. Kind&Co recommends the premium grade CS1 with higher hardness (54-56 HRc). Due 

to the toughness of this material despite its high hardness, the stem can work longer in the elastic 



Tooling - Chapter 3 

3-40  

range. The same applies to dummy blocks, which, from a pressure of above 800 MPa, are made 

of TQ1 (50-52 HRc). Above a press pressure of 1100 MPa, Kind&Co recommends using stems 

made of CS1 (54-56 HRc). We are seeing a trend towards longer stems, which have higher risk 

of buckling. This must be taken into account when selecting the material. Therefore, we always 

recommend premium steels from a critical buckling ratio of 1:6 (diameter/length) or higher.  

 

Picture above: High stress on a stem for a 68 MN press. 

 

Container, inner and intermediate liners 

Containers are exposed to the billet temperature and the extrusion pressure. The materials used 

must have a high heat resistance in order to cope with the high extrusion pressures. A long 

service life of containers with a consistently good product quality is supported by a temperature 

management of the recipient that is matched to the product (profile, aluminium alloy).  

The temperature management of a container consists of heating and cooling (air) and it is the 

goal to provide a uniform temperature distribution in the extrusion direction. As a result, the bore 

remains as cylindrical as possible, the dummy block leaves a uniformly good "shirt" and stable 

production conditions prevail in the extrusion line. Temperature peaks in the centre of the 

container can be positively influenced by modified heating zones with different heating powers. 

Intensive temperature differences lead to unstable conditions and to unwanted dimensional 

changes, e.g. at the shrink fit of each liner.  

If modified heating zones are not sufficient, additional air cooling can be installed on the outer 

diameter of the intermediate liner.  
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Picture above: Modern design for 3-piece container including 3-zone cooling system 

 

 

 

Picture above: Optimal temperature management with 4-zone heating system. 

 

Different cooling zones in spiral design are aligned in axial direction and fed with cold and dry 

pressurized air. The greatest cooling effect should be achieved locally where the highest 

temperature peak is to be expected. By separating the cooling zones from each other, the 

maximum cooling capacity is applied at this point. Shock-like cooling should be avoided in order 

to protect the steel of the mantle from cracks. The constructive design of a cooled container 

involves a certain risk due to the cooling holes to be inserted. This should be considered against 

the advantages for temperature distribution in each individual case. However, slanted bores must 

be avoided in any case: Holes should be drilled perpendicular to the container axis to minimise 

stresses. 

Kind&Co has developed the premium grade HTR as the carrier material for the air cooling used 

mainly on the outer diameter of the intermediate liner. This grade has a significantly higher 

tempering resistance and thermal conductivity compared to standard steels. Both properties 

extend the service life of the intermediate liner. 
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Diagrams above: Premium grade HTR for intermediate liner offers higher tempering 

resistance and thermal conductivity compared to the standard material 1.2367/RPU. 

 

Kind&Co recommends the premium steel Q10 for inner liners in aluminium extrusion, which is 

now established in over 50% of all new inner liners. Its very good toughness enables a hardness 

of 50-53 HRc. This keeps sealing surfaces more stable and minimises liner wear on the bore. 

Generally, the design of the tools is optimised with the help of an FEM analysis. Kind&Co has 

experience from the many investigations carried out in its own materials laboratory as well as 

from more than 300 relining services per year. This interaction of theoretical calculations, long 

time experience and dialogue with extruders leads to an improved service life of containers in the 

long term. 

Conclusion 

Due to the use of increasingly lighter aluminium profiles, the demand on the quality of materials 

and tooling technology is growing. In many cases, the standard materials USN/1.2343 or 

USD/1.2344 are no longer sufficient to meet the demands of the market. For this reason, the use 

of premium tool steels such as TQ1 for dies is more economical because of its longer service life 

and better product quality.  

The demand on quality of the materials for the production of extrusion dies also increases due to 

higher extrusion pressures. For this reason, Kind&Co recommends the premium tool steel CS1 

for extrusion stems. 

The premium steel HTR is particularly suitable for intermediate liners to achieve better heat 

resistance and thermal conductivity.  

Inner liner consisting of the premium steel Q10 have become established in the market because 

of a better service life.  
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Note: The following paper provides useful information about the inspection, handling, and 
preventive maintenance of extrusion dies and back-up tooling.  It was first presented by the 
author at the AEC Press Maintenance Seminar, in Chicago, May 2, 1995, and is reprinted here 
with his permission. 

 

PREVENTIVE MAINTENANCE OF EXTRUSION TOOLING 

by Gary Dion 

Extrusion Consultant (former owner of Nova Tool and Die) 

 

 How does preventive maintenance relate to extrusion tooling?  From surveying many 
extruders it was found that proper preventive maintenance of tooling plays a very important role in 
the success of an extrusion operation.  Improper maintenance can and most likely will result in 
poor performance in one or more of the following areas: 

• Pounds per hour of aluminum produced 

• Extrusion die life 

• Die and support tooling breakage 

• Press downtime which is very expensive 

• Maximizing die life while minimizing weight per foot 

 Even though with dies you don’t check the oil level, inspect roller bearings, or monitor 
wear of motor brushes, there are many aspects of the extrusion tooling to be checked and 
maintained properly.  As the Fram oil filter man says, “You can pay me now, or pay me later,” and 
in some cases a whole lot more!  The possible checks and maintenance steps for extrusion 
tooling can be broken into four major categories. 

1) Incoming inspection of dies and tooling 

2) Handling of dies and tooling 

3) Inspection of dies and tooling after use 

4) External features of dies and tooling 

Incoming Inspection 

 It is not good manufacturing practice to put a bad die in the press and waste valuable 
press time, labor, billet, etc.  Of course this probably doesn’t happen, at least not very often.  But 
what are you currently monitoring to maximize your presses' productivity?  Could you be 
monitoring more?  Listed below are many of the checks extruders have implemented to achieve 
the highest quality product at the most productive rate. 

1)  Proper tooling identification.  Die, suffix, backer, bolster and feeder plate numbers are 
important.  If the wrong number is on the die, it could be set up and run incorrectly, causing major 
problems.  Also, date and vendor ID are a good idea. 

2)  Check for metal chips or shavings from manufacturing.  These tiny metal shavings will 
hide in the relief area or bearing area of the die and show up in the extruded product or possibly 
create die lines. 

3)  Check die and related tooling for proper Rockwell.  Even though most die makers 
thoroughly inspect for this, it's not impossible to vary by a few Rockwell C points. 

4)  Tool diameter, thickness and step dimensions.  It’s better to be safe than sorry.  Checking 
tool dimensions will prevent tools from being stuck in die rings, or being loose, allowing for 
misalignment and/or aluminum seepage into undesired space, butt shear from hitting the tooling 
face, etc. 
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5)  Pinout of die openings.  This will tell you how much tool deflection you are getting on your 
tooling, which is extremely useful for future dies.  It will give accurate information for zeroing in on 
minimum weight per foot, allowing for maximum poundage from each die. 

6)  Support tooling clearance.  Check for interference of backers, bolsters, sub-bolsters and 
platen opening.  It is better to grind in some clearance which will decrease the possibility of 
plugging and/or possibly breaking the assembly. 

7)  Proper support on backer, bolster.  Make certain that the backer and bolster have the 
proper support to eliminate as much tool deflection as possible, and minimize the chance of tool 
breakage. 

8)  Proper exit clearance.  Check the step behind the bearing for proper clearance.  There 
should be a minimum step on critical tongues, screwbosses, etc.  Too much clearance can cause 
a die to cave and run incorrectly.  Approximately 0.040" (0.10mm) is considered normal. 

9)  Proper die support.  On tongues it is desired to have maximum support for best results.  
Zero degrees of back taper is usually desired on areas with small or long tongues and screw 
bosses. 

10)  Bearing finish.  Check die bearings for: 

  Wire EDM lines 

  Scratches from files, gage pins, or emery paper 

  EDM pits 

  Nicks from handling, shipping 

  Burrs on exit side of bearing from orbital EDM or milling relief 

It would be better to catch one of these items and correct it prior to sampling or attempting to run 
the order.  How many times have you pulled a die because of die lines? 

11)  Bearing flatness, squareness.  Not enough can be said for the importance of square and 
flat bearings.  A precision square needs to be used to confirm that the bearings on both the die 
and mandrel are flat and square. 

12)  Bearing transitions.  Proper placement and smoothness of bearing transitions are critical as 
this is another area which can cause die lines.  Improper placement of transitions will also cause 
the die to produce a product that is not dimensionally correct. 

13)  Maximum port/spreader/feeder plate openings.  These items if made too close to the 
container opening will cause poor metal finish.  Contamination will enter the ports from the skin of 
the billet and be extruded into the profile.  Poor metal quality will also result if the profiles are too 
close to the container size on a solid die. 

14)  Proper die alignment and handling features.  Inspect dowel pins, keyways, bolster pins, 
etc., for proper position and sizes. 

 

Handling of Tooling 

 Dies and tooling are the heart of your finished product.  Bad dies, bad extrusions.  It's 
that simple.  Dies should be treated like jewelry, not blacksmith anvils.  This slight exaggeration 
was not meant to insult the die handlers but to stress a point.  Too often dies are not treated with 
enough care and are damaged due to carelessness.  Make every attempt to keep dies off the 
floor as dirt in the tools will result in poor metal finishes.  Care must be taken when removing 
assemblies from the die rings.  A die separator would be recommended rather than a big 
hammer, even if the hammer is aluminum.  Too many tongues, screwbosses, etc., have been lost 
to the blow of a hammer.  Careless banging of tooling together can damage bearing surfaces and 
mating surfaces. 
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Inspection of Tooling After Use 

 After the tools are used to extrude the required product and have been run through 
caustic, a careful inspection of all components is recommended.  Putting a damaged tool in 
production is obviously not a desirable practice.  Here are a few areas to check for: 

All Dies: 

After each extrusion run, all dies should be inspected for the following conditions: 

1)  Wash-out on bearing surface.  Washed out bearings can cause poor metal finish.  Polishing 
the wash-out from the bearing will eventually cause an overweight condition.  It might be time to 
consider ordering a backup die for stock or future orders. 

2)  Cracks on tongues and critical areas.  Breakage is on the horizon.  This can waste valuable 
press production time. 

3)  Weight per foot.  Monitoring this factor will prevent you from giving extra metal to your 
customers. 

Hollow Dies: 

Hollow dies should be inspected after each run for the following conditions: 

1)  Check for cracked webs, armpits or weld chambers on the housing.  Some hairline 
cracks are normal, but excessive cracks will lead to complete tool failure. 

2)  Flatness of housing face, die face.  A caved entry is a sign of tool fatigue and replacement 
might be considered. This can cause die and mandrel bearings to be misaligned resulting in poor 
metal quality. 

3)  Rockwell hardness of tool components.  Low Rockwell hardness of dies can cause poor 
metal quality and tool failure.  Recommended Rockwell C is usually 47-49.  Sometimes tools can 
be re-heat-treated to avoid premature failure. 

4)  Tapered sealing area on die and spider assemblies.  Check for nicks on the outside taper 
which could damage the die ring. 

Solid Dies: 

Solid dies should be inspected after each run for the following conditions: 

1)  Flatness of die, backer.  If the die or backer isn't flat, more than likely the metal isn't hitting 
the bearing surface correctly and you are losing control of the metal flow.  It also is allowing the 
die to deflect too much which contributes to poor production and bad material.  Caved tooling 
could be a sign of improper or cracked support tooling (backers, bolsters). 

2)  Cracked corners on die openings.  This could result in burrs or die lines on the extruded 
product.  This also could be a sign of poor or cracked support tooling. 

3)  Cracked backers.  Cracks in backers will cause metal to run poorly and can result in 
premature failure of dies. 

Bolsters and Support Tooling: 

Support tooling should be inspected on a regular basis rather than only when a profile runs 
poorly.  Check for the following conditions: 

1)  Flatness.  Bolsters and sub-bolsters which are not flat will cause problems when extruding.  
This will allow for the die to deflect too much.  It is also extremely important when running wide 
profiles or profiles with critical tongue conditions.  Many times bolsters, etc., can be reground flat 
and even re-hardened if necessary. 

2)  All surfaces clean and free of aluminum build up. 

3)  Rockwell.  Periodically check the Rockwell to insure the tool isn't being annealed over time 
being exposed to temperature changes.  The ideal Rockwell is between 42 and 46 RC. 
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4)  Inspect for cracks.  Small cracks in the corners eventually become big cracks, which could 
cause the whole tool stack to fail, including the die and backer.  Replacement should be 
considered soon. 

5)  Nitrogen Inlets.  N2 couplings and inlets must be kept clean to allow free flowing of liquid or 
gas nitrogen.  Also, this prevents dirt from passing through to the metal. 

6)  Nicks.  Check for nicks caused by handling the tooling.  It's easy to bang these large tools into 
other pieces of steel or tooling.  Nicks will keep other tooling from sitting flat and could cause 
damage. 

7)  Lift holes.  Make sure threaded lift holes are free from foreign materials which could prevent 
the eye-bolt from being threaded in completely.  This decreases the chance for accidentally 
dropping the bolster, thus damaging the tool and even possibly injuring someone. 

Platen Pressure Ring: 

As true with other support tooling the platen pressure ring needs to be inspected periodically.  
Check the following items: 

1)  Flatness.  Check for an impression approximately the size of the bolster or sub-bolster.  This 
means the ring is wearing and needs to be considered for replacement. 

2)  Clean.  Free from aluminum build-up. 

3)  Cracks.  If the pressure ring is cracked you can be assured the whole tool stack is deflecting 
which will eventually cause other tooling components to fail. 

Die Rings: 

The ring which contains the die assemblies also needs to be regularly maintained: 

1)  Sealing areas on tapered die rings.  The tapered area on die rings which hold spider 
assemblies must be kept free of nicks and aluminum build-up.  It is also important to monitor the 
sealing area for impressions from the assembly.  This could be an indication that the spider 
assembly is improperly sized.  This will also allow unwanted aluminum to build up between the 
ring and assembly. 

2)  Sealing areas on step die rings.  Again check for metal build up.  Inspect for chips of the 
ring missing which could allow aluminum to squeeze between the ring and die components 
resulting in difficulty to disassemble.  Check the step dimension to insure that the die doesn't 
protrude too far, allowing the butt shear to hit the die.  This could also cause the die to leave an 
impression on the container liner which could cause flashing. 

3)  Lift holes.  Make sure threaded lift holes are free from foreign materials which could prevent 
the eye-bolt from being threaded in completely. This decreases the chance of dropping the 
assembly, damaging the tools and even possibly injuring someone. 

4)  Keyways.  Worn keys can cause misalignment of the die and backer assembly.  This could 
result in clearances not being correct and plugging of the tool.  Replace the keyways periodically 
for maximum reliability. 

5)  Nitrogen hookups.  If gas or liquid N2 is introduced through the die ring make sure hookups 
and inlets are in proper working condition, clear and free from buildup.  Check sealing area for 
damage or wear. 

Die Carriers, Die Slides: 

Over the course of multiple die changes the die slide is prone to wear and tear.  Proper inspection 
and upkeep will help keep the dies in their proper position during the extrusion process, and keep 
the die and ring from being damaged by the shear.  Routinely check for the following items: 

1)  ID of horseshoe.  Check for proper fit to die rings. 

2)  Build up of grease, dirt, or aluminum.  This will cause improper alignment of tooling. 

3)  Horseshoe bolts.  Assure tightness of these bolts periodically. 
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Other steps to take for optimizing press and tooling performance 

 Organization of dies and support tooling with easy access will help prevent the wrong 
support tool from being used.  Location numbers can even be used to organize the tools. 

 Once the die, whether it be a hollow or a solid, is cleaned, inspected and ready for 
storage, it is recommended that the internal areas of the die be coated for protection from rust, 
dirt, etc.  These areas would be die bearings, pockets, ports, etc.  On some complex profiles 
some extruders even leave the die full of aluminum if the die performed well on the last run.  One 
of the more popular coatings is an aluminum spray which doesn't affect the metal on the next run. 

 A good high temperature anti-seize compound should be applied to all bolts used in the 
die assemblies.  Anti-seize also should be used on replaceable parts such as pincores and 
mandrels which fit into pockets.  This will help during the replacement process. 

 If you have more than one press in which a die assembly can be used, it is important that 
care is taken when making tool stack setups.  Make sure the proper bolster, sub-bolster, spacer 
rings, etc., are used to make up the proper tool stack.  It's easy to miss the proper thickness and 
plug the first billet, creating unwanted downtime.  Also check for proper clearances all the way 
through the tool stack. 

 Press alignment plays an important role in the production and quality of metal.  There are 
various means of checking press alignment, and it should be checked and corrected weekly. 

 Developing a re-nitriding program will help maximize die life and press productivity.  
Through such a program one should be able to accurately predict the amount of billets to run of a 
certain section, rather than waiting for a die line or something to show up on the metal.  
Excessive tool wear and bearing washout can be reduced through proper monitoring. 

 On hard pushing dies the practice of using a short, and sometimes hotter billet is 
recommended to start the die on the first billet.  This will reduce the risk of damaging the die. 

 Insuring that dies and support tooling are preheated properly is of critical importance.  
Cold bolsters and other support tooling can crack during use, and can also draw too much heat 
out of the die assembly. 

 

Summary 

 Although some of the items covered in this article might seem a little elementary, it is 
important to make sure as much prevention is considered with extrusion tooling as possible.  
Anytime a problem or potential problem is detected before trying to extrude, you can save 
valuable press time, and even prevent major tool failure. 

Gary Dion 
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Minimizing the Occurrence of Flared Billets in Minimizing the Occurrence of Flared Billets in Minimizing the Occurrence of Flared Billets in Minimizing the Occurrence of Flared Billets in 
Aluminum Extrusion PressesAluminum Extrusion PressesAluminum Extrusion PressesAluminum Extrusion Presses    

 

A common problem of aluminum extrusion is flared or mushroomed billets --- in which the 
aluminum spreads out between container and die instead of passing through the extrusion die.  
Flared billets result in lost production time and also scrap.  Occurrence of more than one or two 
flares per month is considered excessive. 

Mr. Domenico Bertoli of SEPAL, a well known extrusion expert, has recommended steps 
which can be taken to reduce the occurrence of flared billets: 

1. The sealing surface between container and die/die ring must be clean and smooth.  The butt 
shear blade must be in good condition and designed for a smooth, clean cut.  Clearance 
must be adjusted properly, typically 0.020 inches (0.5 mm) for smaller presses, up to 0.125 
inches (3.2mm) on larger presses25.  Proper release agents sprayed automatically on the 
shear blade will also help26. 

2. It is also important to maintain the correct specific sealing pressure on the surface between 
container and die/die ring.  Specific pressure is defined as the sealing force divided by the 
contact surface area.  The minimum value desired27 is 2.5 kg/mm2, which converts to 3,550 
pounds per square inch. 

To compute the specific sealing pressure: 

• Calculate the sealing force.  For each sealing cylinder, the effective area is the area of 
the bore minus the area of the rod28.  Multiply this net area by the sealing pressure and 
by the number of sealing cylinders (typically two, occasionally 4).  The result is the 
sealing force. 

• Calculate the area of the contact surface.  This area is the difference between two 
circles.  The smaller circle is the container inside diameter, which is usually about 0.375 
inches (9mm) larger than the nominal billet diameter.  The larger circle varies with 
containers but should be the outside diameter (OD) of the container liner, assuming that 
the liner extends slightly outside the container forging as it should.  Subtract the smaller 
area from the larger to determine the contact area. 

• Divide the force by the area.  Divide the sealing force by the sealing area to determine 
the sealing specific pressure. 

If the specific sealing pressure is too low, indicating poor sealing, there are two ways to 
increase it: 

1. Increase sealing pressure.  This is subject to the capabilities of the hydraulic system 
and the pressure ratings of the hydraulic cylinders and piping.  Do not exceed capacity of 
cylinders. 

                                                           
25 Follow press manufacturer’s recommendations. 
26 For additional information contact Amcol Corporation, 21435 Dequindre, Hazel Park MI, tel 

248-414-5700, fax 248-414-7489, www.amcolcorp.com. 
27 Mr. Alan Castle of Service Aluminium recommends values up to twice this value, but cautions 

that the contact area between liner and die must bear additional force during the early 
part of extrusion, when the friction force is added to the sealing pressure.  He cautions to 
be sure that the contact area is not reduced so much that it will cause the die to deflect 
unduly; he especially advises that the liner not contact the die ring, which is usually 
unsupported and so may deflect too much under this force. 

28 For presses with platen-mounted sealing cylinders.  A few presses such as “front-loading” 
presses, have direct-acting cylinders, mounted on the main cylinder, in which case the 
rod area is not deducted. 
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2. Reduce the contact area.  Since the inside diameter of the container liner should not be 
changed, the outside diameter may be reduced.  First calculate the desired outside 
diameter, based on the area needed to give the correct specific pressure.  Then at that 
diameter introduce a slight (7o) bevel at that point to limit the contact surface.  (See 
illustration.) 

 

Sample Calculations: 

Sealing force: assume 2 cylinders, 9” bore x 6” rod, 2500 psi 

   Area = πd2/4 

   Total area = π92/4 = (3.14159)(81)/4 = 63.62 in2 

   Minus rod area = π62/4 = (3.14159)(36)/4 = 28.27 in2 

   Effective area = (63.62 – 28.27) x 2 rods = 35.35 in2 x 2 

   Force = 2500 psi x 70.70 in2 = 176,750 pounds 

Contact area:  container ID 8.375”, liner OD = 12.5” 

   Total area = π12.52/4 = (3.14159)(156.25)/4 = 122.72 in2 

   Minus ID area = π(8.375)2/4= (3.14159)(70.14)/4= 55.09 in2 

   Effective area = 122.72 – 55.09 = 67.63 in2 

Specific pressure: Force/area = 176,750/67.63 in2 = 2613 psi  (too low) 

To calculate a suitable sealing area: 

   Assume no change in sealing force = 176,750 pounds 

   Desired area = 176,750 ÷ 3550 psi = 49.79 in2 

   Plus area of liner ID = 55.09 + 49.79 = 104.88 in2 

   Using Area = πd2/4 = 104.88 in2 

   d2 = 104.88 x 4/π = 133.54 

   d = 11.56 inches 

Therefore, mark the face of the container liner at 11.56” and bevel the face outside that point.   
(See Illustration) 
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Press Tool Lubrication Systems 
By James E. Dyla, President, AMCOL Corporation 

 

General Overview 
Lubricants are used in the extrusion process to eliminate build up and sticking of hot aluminum to 
extrusion press tools.  Many years ago, these 
lubricants were manually dispensed using 
solvent carried graphite greases that were 
randomly applied on an as needed basis.  
Today, automatic dispensing systems are 
strategically located to lubricate some of the 
following areas: 

• Hot Log Shear 

• Billet and/or Dummy Block 

• Butt Discard Shear 

On older extrusion equipment, automatic spray 
systems are most often retrofitted to the press.  
Newer presses most often include automatic lubrication. 
 

Types of Lubrication Systems 
Three basic system designs are used to automatically lubricate press tools.  Included are the 
following: 

System 
Description 

Lubricant Type Primary 
Applications 

Secondary 
Applications 

Electrostatic Powder Boron Nitride (BN) 
Powder 

Billet End None 

Pressurized Liquid 
with Air Atomizing 
Nozzles 

Water Based 
Polymer Liquids 

Billet End, Dummy 
Block, Butt Shear, 
Log Shear 

Die and/or 
Container Seal 
Rings, Billet Scalper 
Tooling 

Positive 
Displacement 
Injection Metering 

Synthetic Neat Oils 
and Water Diluted 
Lubes 

Log Shear, Butt 
Shear 

Primary Application 
is on Saws – See 
Chapter 8. 

 
System design, installation, and maintenance help to maximize uptime and minimize associated 
mess.  
 
 

Electrostatic Booron Nitride Powder for Billet End Lubrication 
Understanding that BN is hygroscopic is very important; this means that BN will attract water from 
the air then agglomerate and form larger clumps.  This can occur in the shipping container or in the 
hopper (also known as the reservoir).  Once BN becomes wet, it will not hold a charge.  BN is 
lightweight, so the dust can float throughout the press area causing machine contamination issues 
and a slip/fall safety hazard.  BN can also become very expensive with overuse.   
Primary components for electrostatic spray include: 

1. Hopper – A reservoir or container that protects the powder from the elements.  Most 

importantly, the hopper limits exposure to humidity in the air. 

2. Powder Mixing and Drying  

a. Auger with Air Blanket – Older designs incorporate a rotating paddle 

mechanism inside the hopper that operates like a bread mixer.  This type of 

hopper has an air blanket over the top to dry the powder.  In certain extreme 
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humidity cases, a heat lamp is placed over the powder.  The auger 

mechanism can inadvertently  

pack the powder as it is mixed. 

b. Fluidizing Bed – More common 

today, is the use of a honeycomb 

block that is placed below the 

powder to infuse the powder with 

air as it is bubbled up through the 

powder.  The fluidizing bed 

process continuously dries and 

fluffs the powder for better 

consistency and density.  

Fluidizing air is exhausted from 

the top of the hopper which allows 

for a continuous drying of the 

powder using dry plant air.  Be 

sure that system service air is 

completely dry when using the 

fluidized bed process.  An in-line 

desiccant is recommended to 

monitor air quality where a color 

change of the desiccant indicates 

the presence of water in service 

air. 

3. Injector – Air is used to venturi vacuum 

the powder from the hopper.   

4. Controller – Many variations of the electronic controller are used to set air flow, 

charge transfer voltage, and other adjustments.  Older controllers have manual 

adjustments for each control detail.  Modern controllers are 100% electronic and can 

even include recipe driven settings specific to the powder being dispensed.  Keep in 

mind that tap density and particle distribution for powders from different suppliers 

may vary; as such, controller settings will change based on the powder 

characteristics. 

5. Spray Gun – The spray gun has three functions.  First, the spray gun charges the 

powder as it passes through the gun.  Second, a wire tip at the end of the spray gun 

creates the electrostatic field between the gun and the billet; be sure this wire is in 

good condition for proper charge transfer.  Third, a small nylon tip shapes the spray 

to a round uniform pattern; this tip is most often damaged from heat or contact with 

the billet and should be inspected and replaced as necessary. 

6. Grounding – The controller has a ground connection that is linked to any 

components associated with the spray system.  More importantly, the billet is 

somehow connected to this grounding network.  No system is perfect for grounding 

the billet, however the most common systems incorporate some type of chain or 

wire brush assemblies that are flexible and self-cleaning as the billet passes.  Keep 

in mind that the billet must always be the closest grounded item to the gun to avoid 

charge transfer and spray directed to something other than the billet.    

7. Dust Collection and Vacuuming -  Many system variations are used in an attempt to 

contain dust and overspray.  Ironically, the simplest tubular design strategically 

located just past the spray point can provide the most effective collection of the dust.  
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A 550 CFM vacuum will suffice when connected to a 4” collection tube.  Using a 

self-cleaning shakedown type filter can insure years of maintenance free operation. 

Best Practices for Electrostatic BN 

• Most importantly, eliminate all sources of water and humidity.  Air in contact with the 

powder must be clean and dry.  Nitrogen can be substituted where dry air is not 

available.  An in-line desiccant air dryer is used for monitoring only and should not 

be used as your primary dryer. 

• Ensure proper grounding and charge 

transfer from the gun to the billet.  

Distance from the gun to the billet is key. 

• Always incorporate powder collection.  

The vacuum should be designed with a 

self-cleaning shakedown filter that can 

automatically clean the air filter after each 

billet or at the end of each shift. 

• Avoid packing the powder.  Transfer the 

powder in small volumes.  Fluidizing bed 

type hopper can mix and dry the powder 

as opposed to the auger type that can 

actually pack the powder. 

• The powder hose should be as short as possible from the injector to the gun. It 

should also be down hill without kinks or bends. 

• Disassemble and clean the injector, powder hose, and electrostatic gun on a regular 

basis. 

 
Recommended Preventive Maintenance for Electrostatic Spray 

• Observe System Settings – Daily  

• Observe Powder in Hopper – Daily  

• Clean Powder Injector – Weekly  

• Empty, Clean, and Refill Hopper – Bi-annually  

• Replace Powder Injector – Annually  

Troubleshooting Electrostatic BN Spray Systems 
 

Problem Cause and Possible Solutions 
No Powder 
 

 No powder in hopper – Fill.  
 Injector, gun, or hose clogged or manlfunctioning – 

Disassemble, clean, and repair. 
 

Excessive Powder  
 

 Feed rate set too high – Lower.  
 

Excessive Overspray 
 

 Atomizing air set too high – Lower. 
 Improper grounding of billet – Correct. 
 Grounding from gun is not to billet – Eliminate all 

grounded sources between gun and billet. 
 

Intermittent Powder 
 

 Powder low in hopper – Fill. 
 Injector, gun, or powder feed hose becoming 

clogged – disassemble and clean. 
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Repeated Clogging   Powder wet – Disassemble and clean any 

components that comes into contact with the 
powder, then fill hopper with fresh powder. 

 Water or humidity in air source – Correct air source 
condition, then completely disassemble and clean 
any component coming into contact with the 
powder.  Fill hopper with fresh powder. 

 
 
 

Atomized Spray for Billet End Lubrication and Butt/Log Shears 

Two basic types of lubricants and release agents are used in this 
application.  Solid film lubricants are for billet ends and dummy 
blocks where the surface can be easily accessed and properly 
coated.  Liquid film lubricants are used for butt shears and log 
shears where the tool is often hard to access; liquid lubricants are 
able to travel by capillary action to create a thin film that completely 
coats the tool. 
 
 
 
 

Primary Components for Pressurized Spray 

1. Reservoir – Used to pressurize liquid. 

a. Pressure Vessel – Typically associated with older designs, a 

pressure pot is a sealed cannister with pressurized air over the 

liquid.  Pressure vessels are subject to boiler code 

specifications and testing requirements in many countries. 

More importantly, simply filling the reservoir require that proper 

lockout/tagout procedures are followed. 

b. Non-pressurized Vessel with Diaphragm Pump – This type of 

reservoir is more commonly used and incorporates an air 

operated diaphragm pump to generate pressure.  With this 

design, the liquid can be plumbed back to the reservoir for 

mixing. There is no lockout/tagout requirement for filling.  Low level float 

switches for fluid level monitoring can be easily fitted.  Reservoirs are much 

more accessible for cleaning than the pressure vessel type. 

2. Air/Liquid Mixing Valves – Often referred to as the atomizer, this is the air liquid 

mixing block. 

a. Piston Style – This type of atomizer can be operated with one air and one 

liquid connection.  The air source used to open this type of valve is the same 

air used to supply atomizing air. Liquid flow is typically adjusted with a 

needle valve that is an external attachment to the atomizer. 
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b. Air Pilot Operated – This type of valve is designed to separate atomizing air 

and the air used to actuate liquid.  Cycle times 

with an air pilot operated atomizer can be quick 

because the atomizing air can be initiated before 

the liquid and continue on after the liquid cycle 

has ended.  Liquid flow rate is typically integrated 

as part of the atomizer with a needle valve.  Most 

recent designs incorporate a fixed output flow 

restrictor to insure a repeatable output volume per 

spray cycle.  Air pilot valves are more repeatable 

than the piston type and allow for a much more effective blow out cycle. 

3. Spray Nozzles and Extensions – Most applications in extrusion are hot; often a 

unique spray pattern is required for each application.  Spray tips on rotating unions 

are used to coat billet ends and dummy blocks for complete and consistent 

coverage.  For shear lubrication, spray extensions from the atomizer to the spray 

point remotely locate atomizer out of the hot zone. 

4. System Controls and Actuation – PLC 

outputs are used to control 3-way air valves 

that open and close atomizers.  A two-way 

air pilot operated “safety switch” is also 

included to shutoff liquid at the controls; this 

second liquid control is incorporated as a 

backup to the atomizer shut-off.  Air pressure 

gauges are most often included for system 

monitoring; use these gauges to monitor the 

control valve sequencing and valve speed 

opening and closing.  

5. Interconnecting Hose – Use high 

temperature, wear resistant, hose.  Mark and label hose for quick identification. 

6. Overspray Containment – Where possible, overspray covers are included to contain 

and collect spray.   

 
Typical Schematic for Billet or Block Spray System  
 

 
  

 

Air
Liquid

Plant Air In

Air Liquid Mix
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Typical Schematic for Shear Spray System 
 

 
 
Best Practices for Atomized Spray 

• Include an air blow out or purge for spray tips and assemblies.  Be sure that valve 

sequencing is properly timed. 

• Strategically locate air pressure gauges for system and valve performance 

monitoring. 

• Filter liquid to avoid system clogging and output inconsistency. 

• Diaphragm pumps are preferred over pressurized reservoirs. 

• Liquid output is typically flow metered.  Use liquid pressure to refine output to your 

exacting requirements.  A flow restrictor can eliminate setup error. 

• Use stainless steel where practical. 

• A rotating nozzle is required for round objects like billets and dummy blocks. 

• Use a refractometer to regularly monitor fluid dilution. 

Recommended Preventive Maintenance for Atomized Spray 

• Observe System in Operation – Daily  

• Test Fluid Dilution with Refractometer – Daily  

• Replace Liquid Strainer – Quarterly  

• Check Diaphragm Pump Check Balls – Quarterly  

• Replace Atomizers – Biannually  

• Replace Diaphragm Pump Check Balls – Yearly  

• Empty, Clean, and Refill Reservoir – Yearly  

  

 

Air
Liquid

Plant Air In

Air Liquid Mix
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System Troubleshooting for Atomized Spray 
 

Problem Cause and Possible Solutions 
No Liquid 
 

 Atomizer clogged – Disassemble and clean. 
 Atomizer not opening – Clean and/or replace. 
 Liquid pressure too low – Increase. 
 Liquid filter clogged – Replace. 

 

Too Much Liquid 
 

 Liquid pressure too high – Lower. 
 

Too Little Liquid 
 

 Liquid pressure setting too low – Increase setting. 
 Recirculating valve open too far – Correct to proper 

setting. 
 Diaphragm pump malfunctioning – Repair. 
 

Poor Coating 
 

 Liquid dilution incorrect – Test with refractometer 
and correct as necessary. 

 
Fluid Continues Longer than 
Expected 
 

 Control valve timing incorrect – Correct.  
 Control valves not properly closing – 

Repair/replace. 
 Atomizer not properly closing – Repair/replace.  
 

Liquid is Not Atomized 
 

 Control valve timing incorrect – Correct.  
 

Intermittent Liquid 
 

 Air in liquid line – Purge. 
 Liquid pressure too low – Increase.  
 

 

Compare the Alternatives for Automatic Billet Lubrication 

Electrostatic BN and Water Based Atomized Liquid systems are often compared.  A list of strengths 
and weaknesses follows: 

Electrostatic Boron Nitride Atomized Water Based Polymers 

Positives 

• Easy to see coating. 

• Use as received. 

• Maximum lubrication. 

• Dust can be vacuumed.  

Positives 

• Tolerates humidity. 

• Easy to contain overspray. 

• Repairs generally low cost. 

• Reservoir can be remotely located 
from spray assembly. 

• Relatively easy to troubleshoot. 

Negatives 

• Does not tolerate water or humidity. 

• Hard to contain. 

• Hard to troubleshoot. 

• Expensive with overuse. 

• Expensive repairs. 

• Hopper must be close to spray gun. 

Negatives 

• Coating can be hard to see. 

• Requires mixing with water. 

• Limited lubrication properties. 

• Residue can only be washed. 

• Build-up in area with overuse. 
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Precise Injection Metering for Butt Shears and Log Shears 

Injection metering systems are most often associated with saw lubrication.  Because they are 
accurate and reliable, many have chosen to use these systems for butt shear and log shear 
lubrication.  Reference Chapter 8 for more information. 
Most importantly, injection metering systems used to lubricate butt shears and log shears require 
certain design characteristics more specific to the high heat associated with extrusion that are not 
typically encountered with saws.  High temperature PTFE liquid and air hose is recommended.  
Air/liquid mixing blocks perform best when remotely located and out of the hot zone, rather than 
mixing air and liquid at the spray point; this type of design should include a blow out function for the 
spray extensions. 
 

Best Practices Common to All Lubrication Systems 
• Eliminate manual adjustments where possible. 

• Use clean, dry, and reliable air source. 

• Enclose or contain overspray. 

• Properly position and safeguard spray nozzles. 

• Avoid contamination of lubricants. 

• Locate controls and reservoir for access during operation. 

• Determine and maintain appropriate system settings. 

• Include manual over-ride for system testing and troubleshooting. 

• Establish lube transfer/fill procedures and frequencies. 

• Establish preventative/predictive maintenance. 

• Maintain basic repair inventory. 

• Clean spray area and equipment regularly. 

 

 

by James E. Dyla, President 

AMCOL Corporation  -  21435 Dequindre  -  Hazel Park MI 48030  -  USA 

Tel 248.414.5700  -  Fax 248.414.7489 

jim.dyla@amcolcorp.com  - www.amcolcorp.com 
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IInnssppeeccttiinngg  &&  RReeppaaiirriinngg  MMaajjoorr  CCoommppoonneennttss  
This chapter sponsored by Butech Bliss 

www.butechbliss.com 

 “Major components” discussed in this chapter include the press main cylinder; front or 
“resistance” platen; tie rods or columns; container holder; and moveable crosshead. 

 Extrusion presses experience cyclic loadings ranging into the millions of cycles.  A press 
operating with 2-minute cycles, 120 hours per week will undergo a million cycles in less than 6 
years.  Since many presses in use today have operated at even greater frequency for 25 to 40 
years, it is clear why high-cycle fatigue loading is a critical issue for extruders. 

 An excellent reference on this subject is the paper (reprinted beginning on page 4-18), 
“Adapting Extrusion Presses for a High Cycle Fatigue Load Environment,” by J.O. Nøkleby, 
of Det Norske Veritas.  It provides a thorough discussion of the inspection, predictive 
maintenance, and repair of major press components.  It was first presented by the author at the 
AEC Press Maintenance Seminar, in Chicago, May 2, 1995, and is reprinted here with his 
permission.  It is recommended reading for all extrusion plant engineers and managers, as a 
reference in developing a press maintenance program.  We strongly recommend a careful 
reading before, not after, you experience a failure of a major press part. 

 By way of summary, we offer the following brief outline of major component maintenance 
and repair. 

Definition of Fatigue.  Fatigue is the failure of materials under the action of repeated stresses.  
The applied stresses may alternate between equal positive and negative values, from zero to 
maximum positive or negative values, or between positive or negative values1.  For a given 
material, fatigue life is expressed in terms of the number of stress cycles, which is a function of 
the degree of stress applied.  A fatigue resistance diagram is constructed from test data to 
indicate the life cycles which may be expected 
according to the stress level. 

 Surface defects such as roughness or 
scratches, and notches and shoulders, all 
reduce the fatigue strength of a part. 

 Fatigue failure is manifested by 
gradual or progressive fracture, usually 
beginning as invisible cracks that progress in 
size until a disastrous failure occurs.  In the 
early stages, progress of cracks is usually very 
slow. 

 Since all extrusion presses are subject 
to eventual fatigue failures of the major 
structural parts, it is wise for extrusion plant 
engineers and managers to understand this 
problem and to establish a program to: 

• detect fatigue cracks 

• monitor their progress 

• make appropriate repairs where necessary and possible 

• plan for eventual replacement in an orderly and timely fashion. 

 

                                                           
1MacGregor, Charles W., “Mechanical Properties of Materials,” Marks’ Mechanical Engineers’ 

Handbook, Sixth Edition, McGraw-Hill Book Company, Inc., Page 5-11. 

 
Figure 4-1: Polished Radius of Main Cylinder  

Photo courtesy of Presezzi Extrusion 
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Detecting Fatigue Cracks.  For presses in which cracks have not previously been detected, an 
annual inspection is recommended for components which are accessible without disassembly.  
Each 5 years, a more detailed inspection including the interior of the main cylinder is 
recommended. 

Sponsor's advertisement -- www.butechbliss.com 
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There are several types of non-destructive examination (NDE) that may be used for detecting and 
monitoring fatigue cracks and other failures of press components2: 

• visual 

• ultrasonic 

• magnetic particle 

• liquid penetrant 

• infrared thermography 

• eddy current 

• radiography (x-ray) 

These methods (other than visual) are sophisticated and require expensive instruments and 
training in their proper use.  For most small extruders it will be most economical to use the 
inspection services of a specialized contractor, of which several are available.  However, in multi-
press companies, or those with presses requiring frequent testing (in advanced stages of failure), 
it is recommended to consider establishing in-house testing capabilities. 

Examples follow of the inspection methods most commonly used on press components. 

Visual Inspection is the primary method used for extrusion presses.  Look for loose or missing 
components, oil leaks, or cracks.  

 

  

                                                           
2 Manganello, Ron, Carlesa NDP, presentation to AEC Press Maintenance Seminar, Atlanta, 
November 2012. 

Examples of items found by visual inspection: 
 

 
Loose side cylinder          Detached die slide cylinder                  Oil leak, cracks 
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Ultrasonic inspection (UT) is the most sensitive technology for detecting subsurface flaws.  It 
can detect extremely small flaws such as cracks at great depths.  It can evaluate the thickness of 
an object to determine if there is corrosion.  Ultrasonic needs only one accessible surface.  

  

 

Magnetic particle (MT) first magnetizes the surface, after which colored magnetic particles are 
spread over the surface.  If there is a crack or other flaw, magnetic particles become attracted to 
and build up along the area of the defect. 

 

 

Magnetic particle shows cracks in a hot container housing 
 

 
 

Ultrasonic indication of a tie-rod crack 
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Liquid penetrant (PT) is often used on materials where magnetic particle examination is difficult 
to use.  The examination surface is first cleaned, a red dye is placed on the area of interest, then 
a white developer is sprayed onto the surface.  The developer draws the dye into the surface 
defects.  If a colored dye appears, that indicates the position of the flaw.   

 

Examples of liquid penetrant (PT) tests 
 

 
  Crack with red dye penetrant 
 

 
Leaking oil acting as a liquid penetrant 
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Examples of Failures with Main Hydraulic Cylinders 

from presentation by Ron Manganello at ET 123 

                                                           
3 Manganello, Ron, "Non-Destructive Examination of Extrusion Press Hydraulic Cylinders," 

Proceedings of Extrusion Technology Seminar ET12, Miami, May 2012. 
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Examples of Failures with Main Hydraulic Cylinders (continued) 

from presentation by Ron Manganello at ET 12 
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Examples of Failures with Main Hydraulic Cylinders (continued) 

from presentation by Ron Manganello at ET 12 
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Examples of Failures with Main Hydraulic Cylinders (continued) 

from presentation by Ron Manganello at ET 12 
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Examples of Failures with Main Hydraulic Cylinders (continued) 

from presentation by Ron Manganello at ET 12 
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Examples of Failures with Main Hydraulic Cylinders (continued) 

from presentation by Ron Manganello at ET 12 
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Examples of Failures with Main Hydraulic Cylinders (continued) 

from presentation by Ron Manganello at ET 12 
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Examples of Failures with Main Hydraulic Cylinders (continued) 

from presentation by Ron Manganello at ET 12 
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Monitoring the Progress of Fatigue Cracks.  Once cracks have been detected, the frequency 
of inspection should be increased.  It is impossible to specify the frequency for re-inspection, as 
crack propagation is unpredictable and often proceeds at a slower pace once it exceeds a certain 
size.  Rather it should be based on the severity of the crack and the predicted severity in case of 
catastrophic failure of the part.  We prefer the usual definition: 

Total Risk = Severity X Probability of Failure 

 Considering the consequences of failure, one primary goal of crack monitoring should be 
to determine when to begin planning to buy a replacement for the part which is cracked. 

Repair vs. Replacement of Failed Components.  Once a significant crack has appeared or a 
complete break has occurred, the decision must be made whether to repair or replace.  The 
decision is usually complicated by two factors: 

• unacceptably long delivery of replacement components 

• uncertainty about the life of various repair methods 

 Most major replacement parts require several months delivery, and no extruder can 
afford to stop a press for so long.  Repairs must be attempted, even if they will not be permanent.  
(In fact, according to Det Norske Veritas, few repairs to fatigued press parts will be permanent.)  
So, any repairs must be viewed with the aim of buying enough time to purchase an acceptable 
replacement. 

 As to the method of repair, the material in question will determine both the method and 
the likelihood of success.  Parts made of cast iron or low-grade cast steel (main cylinders and 
platens) are usually the most problematic as long-term repairs on these materials are virtually 
impossible.  If the material of construction of the part is not known, it is recommended to take a 
small sample of the parent metal from a non-critical location, for analysis to assist in determining 
the correct welding procedure. 

 Various eutectic alloy rods are available but require very precise preparation and 
procedures; for example, UTP (Houston TX) or Castolin Eutectic.  Manufacturer’s 
recommendations should be followed carefully in applying these products.  Equally critical are the 
methods for grinding out the cracks, cleaning the surface, and preheating the site before applying 
the new welds.  The preheating and confined spaces make for very difficult working conditions for 
the welders. 

 

 

Procedure for Repairing Cracked Main Cylinder4 

Hot Process 

1. Remove all old weld metal by air-arc torch or grinding.  Remove metal 1/3 of wall thickness 
on each side of the crack (for example, if casting is 6” thick, remove 2”.) 

2. Preheat the cylinder to 500 to 600oF, or as hot as possible, using a torch. 

3. Use UTP-85FN welding rod and weld a maximum distance of 10 times the diameter of the 
welding rod.  For example, for a rod of 0.125” diameter, maximum length of weld pass will be 
1.25”.  Then stop welding and “peen” the surface. 

4. When you stop welding each pass, “flip” the end of the rod upwards.  That is, turn the tip of 
the rod up in the air very quickly, instead of just lifting it away from the surface. 

5. A recommended rod size is 5/32”. 

 

                                                           
4 This procedure was recommended by Mr. John Hunnicut of UTP, in 1991, and was used to 

successfully repair a large crack in the cast steel main cylinder of a 1650 Youngstown 
press. 
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Cold Process 

1. Remove all old weld metal by air-arc torch or grinding.  Remove metal 1/3 of wall thickness 
on each side of the crack (for example, if casting is 6” thick, remove 2”.) 

2. “Butter” the sides of the opening with UTP-8 rods before welding the crack (that is, cover the 
sides of the opening with a thin weld coating of UTP-8). 

3. Some porosity or pin-holes can be expected due to oil in the cast iron.  After “buttering” the 
surface one pass, you should grind away 2/3 of this layer to remove the pin-holes. 

4. “Butter” the sides of the opening again.  There should be no porosity or pin-holes this time. 

5. Next put one pass in the middle of the crack with UTP-8. 

6. Change to UTP-86FN; butter the sides again, and weld down into the crack. 

7. Continue alternating between UTP-86FN and UTP-8 in alternate layers.  Always work from 
the sides down into the crack. 

8. Always peen after each pass. 

 

 

 Mechanical repairs such as “stitching” have been tried but are generally not successful, 
even temporarily, due to the high stresses involved and the condition of the parent materials. 

 As mentioned earlier, purchase of replacement parts should be anticipated as far in 
advance as possible, through the use of inspection techniques.  For many presses, the original 
manufacturers are no longer in business and detailed drawings are not available.  In most cases, 
re-engineering of the part is also recommended to improve fatigue life and inspectability, as 
recommended by Det Norske Veritas, so additional time for this step is needed. 

 Following are notes on recommended repair procedures for specific major press 
components: 

Main Cylinder.  Weld repairs to the main cylinder, particularly if constructed of cast iron or cast 
steel, should be considered as short-term at best.  With proper attention to procedures as 
indicated above, short-term (6 months) repairs often may be made.  Cracks which arise at drain 
holes and other stress raisers may often be welded.  However, cracks in the flange or platen area 
may often be removed by grinding or gouging alone, with no welding necessary.  In this case the 
objective is to stop propagation of the crack by removing it entirely, so it is necessary to dye-
check carefully and grind completely to the end of the crack. 

Front Platen.  As with cast cylinders, long lasting welds of cast platens are difficult.  Cracks in the 
tension face of the platen should be removed by hand grinding where possible, and followed with 
careful inspection to be sure the cracks have been completely removed. 

Tie Rods.  While not permanent, repairs to tie-rods may be an economical alternative in many 
cases.  If tie-rods are removed from service due to fatigue cracks, they may usually be repaired 
by removing the cracked area to at least 1/8-inch (3 mm) below the bottom of threads; then 
rewelding sufficiently oversize to permit remachining of the threads.  It is important to preheat the 
tie-rod before welding and to post-heat afterwards for stress relieving.  Welding rod material must 
be chosen to exceed the tensile and yield properties of the tie-rod itself. 

Crosshead.  Cast crossheads pose the same welding problems as the other components 
previously covered, and similar precautions and limitations should be considered.  Weldment 
crossheads, however, should be excellent candidates for weld repairs.  Procedures must include 
suitable preheat before welding and post-heat afterwards for stress relieving; and welding rod 
material must be chosen to exceed the tensile and yield properties of the crosshead itself. 

Container Holder.  Older cast container holders are usually unsuited to long-term welding repair.  
Replacement with a forged weldment is recommended, particularly if the old holder is of the two-
piece design.  (Replacement also offers a good opportunity to improve container guiding and 
alignment by eliminating center guides and “X” guide ways.  See Chapter C - Modernizing Older 
Presses.) 
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Container Guides.  While complete replacement of container holder and guides is often the most 
economical solution, it is also possible to repair existing guide ways which are not fitted with 
replaceable surfaces.  Various specialty repair firms offer in-place remachining to remove scoring 
or gouges. 

How Major Components are Designed and How Major Components are Designed and How Major Components are Designed and How Major Components are Designed and TestedTestedTestedTested    

 Finite Element Analysis (FEA, also called Finite Element Method or FEM) is now the 
basic method for design of major press components as demonstrated here. 

 

 

Illustrations courtesy of Presezzi Extrusion. 

 

  

 
Figure 4-2: Computer Model of Main 

Cylinder 
 

 
Figure 4-3: Model with Forces Applied 

Figure 4-7: Von Mises Result 
 

Figure 4-5: FEA Mesh Details 

 
Figure 4-4: FEA Mesh Applied 

 

 
 

Figure 4-6: FEA Mesh Details 
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Illustrations courtesy of Presezzi 
Extrusion. 

 

 
Figure 4-8: FEA Analysis Showing Displacements 

 
Figure 4-9: Ultrasound Test of Main Cylinder Figure 4-10: Magnetic Particle Test of Main Ram 
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Analysis of Failure of a Container Shifting Cylinder Rod 
 
 A paper presented at ET 165 reviewed a failure of a container shifting cylinder rod, along 
with cause, Finite Element Analysis, and recommended redesign of the rod.  While the entire 
paper is recommended reading, analysis of the fracture face is excerpted here to aid field 
diagnosis of similar problems. 

Fracture Face Analysis 

Fractography is the term coined by Carl A. Zapffe in 1944. The purpose of fractography is to 
analyze the fracture features and to attempt to relate the topography of the fracture surface to the 
causes and/or basic mechanism of fracture.6  Through careful examination of the fracture face, 
many conclusions can be drawn.  Different variables affect the look of a fracture from the load 
types, environmental conditions, and material quality.7  In the delicate study of the container 
shifting rod, the fracture face was divided into several sections.  Each section seen on Figure 8 
was analyzed individually. 

 The various fracture face features that were identified are as follows: 

Oxide Scale.  This area indicates where the initial crack occurred at an unknown time before 
the final fracture (this may indicate a weak point in the design of the rod itself). 

Stable Crack Growth and Beachrnark Zone.  The section illustrates stable growth turning into 
fatigue cracking, then finally failure.  When a crack is growing under an increasing load, it 
displays a concave or convex appearance, depending on the face of the fracture being 
analyzed. 

Fibrous Zone.  This large fibrous section is a sign of rapid crack propagation at elevated 
temperatures. 

Shear Lip.  This was the final overload that fractured very quickly and most likely at an 
elevated temperature.2 

The most distinct characteristic of fatigue failures in the field are the beach or clam shell 
markings on the cyclically grown portion of the fracture.  It should be mentioned that similar marks 
on fractures can be produced under certain conditions by other fracture mechanisms that involve 
cyclic crack growth without cyclic loading.  Also, such marks may not be visible on all materials 
that fail by fatigue; for example, many cast irons do not develop beach marks.  Laboratory fatigue 
test specimens also do not exhibit beach marks, regardless of the material, unless the test is 
deliberately controlled to do so, for example, by using load blocks at widely varying loads.  
Beach marks document the position of the crack front at various arrest points during its growth 
and can reflect changes in loading that either retard or accentuate crack growth plus the influence 
of the environment on the fracture face.  In a laboratory test conducted at constant cyclic 
loading in a dry environment, there is no opportunity for beach mark formation.2 
 The origin point for the beachmarks was covered with an oxide film, suggesting exposure to 
the atmosphere at somewhat elevated temperature.  The cracks can be initiated at a wide variety of 
features, such as scratches, abrupt changes in cross section, tool marks, corrosion pits, inclusions, 
precipitates, identification marks, and weld configuration defects.  In some cases, micro-cracks may 
be present before loading begins -- for example, grinding cracks, quench cracks, or hot or cold 
cracks from welding.  All these problems increase the likelihood of early failure by fatigue, assuming 
the presence of alternating stresses of sufficient magnitude.  Once that crack is initiated, it can 
propagate under specific loading conditions like tensile loading and unloading.  It is important to 

                                                           
5 Davidson, Wilson, and Kazanowski, Pawel, “Analysis and Modification of a Prematurely 

Fractured Container Shifting Rod,” Proceedings of 11th International Aluminum Extrusion 
Technology Seminar, (2016), p.537-554. 

6 “Fractography,” ASM Metals Handbook, 9th Ed., Vol. 12, ASM International, 1992. 
7 Hull, D., “Fractography. Observing, Measuring and Interpreting Fracture Surface Topography,” 

Cambridge University Press, 1999. 
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•

note that the distance between beachmarks close to the crack initiation site is quite high, while the 
distance between the beachmarks close to the fibrous zone is much smaller. 

 
In order to better illustrate the suggested mechanism of container shifting rod failure, the 

authors traced the main elements of the fracture face and presented them in the most likely order 
of creation in Figure 9.  The authors have already discussed surface crack formation, as 
illustrated in Figure 9a.  The exact position of the crack is impossible to determine, so only the 
outline of the area where it could have formed is shown.  The initial crack propagation zone is 
presented in Figure 9b; it has some beachmarks present, suggesting fatigue fracture due to loading 
and unloading.  The stable crack growth is shown in Figure 9c, and its transformation into crack 
growth at an increased rate is available in Figure 9d. 

It is interesting to note that until the rapid crack growth stage, the container shifting rod was still 
functioning without any significant impact on the extrusion press performance.  The beachmarks 
cannot be used to approximate the number of press cycles between fracture initiation and final 
separation.  They only indicate periods of exposure of the fracture face to the ambient 
atmosphere. 

Upon reaching the critical cross-section area that could not withstand any more loading, the 
final fracture of the container shifting rod started.  The remaining borders were sheared (see Figure 
9e) and the complete separation occurred producing the fibrous zone, as shown in Figure 9f.  The 
final fracture face feature to form is called the shear lip.  Large shear lip is created at high 
temperature; in this case, the shear lip is clearly visible and well defined; however, is not 
significant enough.  It is very likely that the final fracture of the container shifting rod took place at 
elevated temperature. 
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Improving the Design of Major Press Components 
From a presentation by Ben Demar of Butech Bliss at the AEC Press Maintenance Workshop8. 

 

When major components must be replaced, or when specifying a new press, improvements to the 
design may be possible that will improve the life and serviceability of the press. 

Main cylinder 

• Problems: leaks, weld repairs, parallelism, perpendicularity 

• Replace casting or fabrication with re-engineered solid forged cylinder.   

• Turn inserted bottle into integrated cylinder platen. 

 
Main ram 

• Problems: leaks, scoring, cylindricity, trueness 

• Replace with re-engineered forged ram; induction harden if/as required.   

• Possible alternative: overlay existing ram.   

• May also replace cylinder wear components and crosshead wear components. 

 
 

  

                                                           
8 Demar, Ben, Understanding Your Press Components from a Maintenance Perspective, 
presentation at AEC Press Maintenance Workshop, Atlanta, October, 2021. 
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Crosshead 

• Problems: loose running, weld repairs, trueness, position (alignment) 

   Crosshead structural component:  

• Weld repair with OEM or press builder guidance  

• Replace with re-engineered solid forged crosshead. 

   Crosshead replaceable components: 

• Vertical & horizontal guide wear plates 

• Mandrel crosshead wear plates & bushing 

• Convert to flat guide way system 

 
Container housing 

• Problems: loose running, rocking, weld repairs 

   Container housing structural component:  

• Weld repair with OEM or press builder 

guidance  

• Replace with re-engineered fabricated or solid 

forged component. 

   Container housing replaceable components: 

• Vertical & horizontal guide wear plates 

• Container liner 

 

 

 



Inspecting & Repairing Major Components - Chapter 4 

 4-23

 
Platen 

• Problems: defects, cracks, weld repairs, parallelism; frame interface, pressure 

plate counter bore 

• Repair with frequent monitoring 

• Replace with re-engineered fabricated or solid forged platen 
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Butt shear with knocker 

 
Upgraded Billet Loader 

Frame 

• Problems: misalignment, foundation issues, flatness, parallelism; guide ways 

• Weld repairs 

• Re-grouting 

Tie rods 

• Problems: loose nuts, crash effects, wear; 

loaded vs. unloaded amount of stretch 

• Re-assess pre-stress level with OEM or 

press builder guidance 

• Replace and potentially re-engineer 

thread profile 

• Utilize “super nuts” for optimum pre-stress 

approach 

Return & shift cylinders 

• Keep spares on hand, rebuild or replace 
when necessary 

Butt shear 

• Refurbish cylinder 

• Add butt knocker 

Billet loader 

• Problems:  dead cycle time delays, excessive 

maintenance, safety concerns 

• Upgrade to custom loader (linear/pivoting, 

hydraulic/electric) 

 

 
 
 
 
 
 
 
 
 
 
 

 Knowing your press components, as well as when and how to improve them, 

is important for a good maintenance program.  

 Many tools exist today for both inspection and engineering evaluation, such 

as Laser Trackers and Finite Element Analysis. 

 Don’t just replace your worn out or failing components with in-kind 

replacements – take the opportunity to upgrade them with superior materials 

and FEA-aided design. 
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Note: The following paper provides a thorough discussion of the inspection, predictive 
maintenance, and repair of major press components.  It was first presented by the author at the 
AEC Press Maintenance Seminar, in Chicago, May 2, 1995, and is reprinted here with permission 
of the author. 

ADAPTING EXTRUSION PRESSESADAPTING EXTRUSION PRESSESADAPTING EXTRUSION PRESSESADAPTING EXTRUSION PRESSES    

FOR AFOR AFOR AFOR A    

HIGH CYCLE FATIGUE LOAD ENVIRONMENTHIGH CYCLE FATIGUE LOAD ENVIRONMENTHIGH CYCLE FATIGUE LOAD ENVIRONMENTHIGH CYCLE FATIGUE LOAD ENVIRONMENT    

by J. O. Nøkleby, Det Norske Veritas 
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1. BACKGROUND AND HISTORY 

 Det Norske Veritas, an independent company working with Classification, Certification 
and Consultancy for various industries, was contacted about extrusion presses for aluminum the 
first time in 1989, in connection with a failed bolt-type tie-rod on an extrusion press in Norway.  
The scope of work was to give an independent evaluation on the cause of failure. 

 Metallurgical investigation of the fracture surface revealed that It was a fatigue failure, 
initiated in the bottom of the first engaged thread, and developed over a large number of load 
cycles.  No defects or anomalies were revealed regarding thread shape, the surface or the 
material in the tie-rod, and it was concluded that the cause was a nominal fatigue overload of the 
material. 

 Later, other failures, cracks in tie-rods, front platens and cylinders were subjected to 
failure investigation in similar ways, and it was consistently concluded that the failures were of 
high cycle fatigue type. 

 Over the years, the activity of DNV on extrusion presses has grown rapidly.  Today, a 
total number of 44 extrusion presses are more or less regularly inspected by DNV, and preventive 
maintenance of these extrusion presses is, to a smaller or larger extent, based on advice from 
DNV.  The 44 extrusion presses are located in Europe and USA, and belong to different owners, 
although a majority of them belong to one large owner. 

 As a result of these efforts, DNV has developed a program for preventive maintenance of 
extrusion presses.  Cost/benefit calculations considering the cost of unplanned shut downs along 
with the cost of inspection, including planned shut down and disassembly for inspection, have 
revealed that this could reduce the cost incurred by the fatigue problem by about 50%, provided 
that the program is designed correctly. 

 Det Norske Veritas, on individual commissions from the different extrusion plants, 
planned such inspection programs and has carried out the inspections and the investigations of 
failures.  In 1994, we proposed and partly implemented a revised program for preventive 
maintenance of extrusion presses, based on the experience gained up to that time. 

 

2. FATIGUE 

 An early conclusion from the inspection program and analyses, was that the fatigue 
problem for extrusion presses was not caused by extremely high loads imposed on them.  In fact, 
the loading on an extrusion press is moderate, with a nominal factor of safety against fatigue 
failure of 2.0 or even more.  Thus, by adequate engineering, it should be no big problem to keep 
the fatigue threat under control. 

 However, the business of Aluminum Extrusion was obviously not prepared to tackle this 
threat.  Most of the extrusion presses inspected by DNV are 20 to 25 years old.  In the beginning 
of their lives, thus, extrusion press productivity was much less than in our days, and a fatigue 
problem, for all practical purposes, hardly existed. 

 Consequently, designers, along with operators and maintenance personnel, have widely 
ignored the fatigue problem.  This is evidenced through numerous details, like for example: 

• Choice of cast steel under poor control, containing inclusions and material defects. 

• Lack of detailed stress calculations for transitions, threads and fillets. 

• Fillet radii not specified on drawings, and very small in real life. 

• Repair welding on castings performed without documentation. 

• Tack welding for various purposes performed in uncontrolled manners. 

 Det Norske Veritas has experienced the similar type of problems in other businesses.  
The most prominent example was the early days of the Offshore business in the North Sea, 
around 1970.  Design solutions, widely based on experience from the Gulf of Mexico, were used 
for the structures, and resulted in severe fatigue problems.  The structures had adequate static 
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strength, and could sustain the hurricanes of the Gulf of Mexico, but failed by fatigue under the 
more permanent, harsh weather conditions of the North Sea.  The present fatigue problem for 
extrusion presses has clear similarities to this case.  To solve it, therefore, we will first look into 
the basics of fatigue, and how other businesses successfully cope with high cycle fatigue 
problems that can be even more difficult than those of Aluminium Extrusion Presses. 

2.1 Living in a high cycle fatigue environment 

 Fatigue failures occur when the fatigue load exceeds the fatigue resistance of the 
material.  In many cases, fatigue failures occur without any kind of nominal overload of the 
material, i.e. no stresses exceeding the yield limit. 

 The fatigue loading comprises the local stress level, and the number of times this stress 
is imposed and relieved.  The stress level is the most important parameter, the life (or number of 
load cycles to failure) is proportional to the stress to the power 3.5 - 5.5.  This means that a 10% 
increase of the stress, leads to a reduction of life by 30 - 40%.  Thus, thorough control of the 
loads and stresses is of essential importance in all engineering to control a fatigue problem.  The 
solution of the problems with the offshore structures in the North Sea started with providing better 
understanding about the wave loads.  In fighter aircraft, where fatigue engineering is extremely 
critical, the service load seen by the individual aircraft, is continuously monitored and used to 
manage fatigue related maintenance. 

 The stress in question is the local stress at a spot.  The nominal stress is of little 
importance.  Thus, all kinds of local stress raisers, like sharp fillets, scratches, pits or even 
machining marks or grind marks in the surface must be paid attention, and must be avoided in the 
most highly stressed areas.  The mean stress (which is strongly influenced by welding or 
uncontrolled heat treatment) is also of significance, and must be controlled.  A material’s 
resistance to fatigue loading is primarily dependent on the purity of the material, i.e. its content of 
inclusions and flaws.  The conventional strength of the material is a secondary parameter 
compared with the presence of flaws.  "Aircraft quality" is a well-known expression for 
metallurgists, and describes a material with extra requirements to purity, absence of flaws, 
testing, documentation and certification (and cost).  These requirements secure that the 
material’s fatigue performance in service is predictable, a vital requirement in fatigue design. 

 As an extreme opposite can be mentioned cast steel (intended for extrusion  press 
cylinders), with little or no requirements of these types at all (and supplied by the cheapest 
bidder). 

 It is not our opinion that the world of aluminium extrusion presses should adapt to the 
specification level (and cost) of the aviation or offshore industries.  But these industries show the 
direction to go to solve fatigue problems.  The key words are control of loads and materials.  The 
challenge to achieve cost efficiency is to go as far in this direction as necessary to get the fatigue 
problems under control, not more and not less. 

2.2 Fatigue loading of extrusion presses 

 The prime load of an extrusion press is the hydraulic working load, cycling from zero to a 
nominal pressure and back for every stroke of the press.  But this is not the whole truth.  No 
hydraulic regulation system Is perfect, and the peak pressure, which occurs only for a very short 
period of time, can be much higher than the nominal pressure. 

 Many extrusion press operators now monitor hydraulic peaks as a regular part of 
extrusion press preventive maintenance.  Some of the results have been quite shocking to a 
fatigue engineer.  Crest factors (peak stress to nominal stress) of more than 2 have been 
monitored, along with very high cycle pressure variations (caused by the pump in absence of 
adequate dampeners).  In some cases, it has been possible to increase the expected fatigue life 
of an extrusion press by factors up to 3 or more by simple modifications of the hydraulic system, 
the need for which has been identified through hydraulic peak readings.  The present acceptance 
criterion to crest factor is 1.2.  This eliminates the biggest blunders in the operation of the 
hydraulics, but experience indicates that it is fully possible to reduce the acceptance to 1.1 
without unreasonable effects on cost. 
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 This approach copes with peaks occurring regularly, but not peaks occurring incidentally, 
for example caused by slight sticking in sliding valves of the hydraulics.  The main remedy to 
such problems is cleanliness control of the fluid.  A program for such control is started for a few of 
the extrusion plants where DNV is involved, and is a logical next step for the remaining ones.  
Maintenance for fluid cleanliness (absence of particles in the hydraulic oil) not only influences the 
fatigue load, but also the reliability and life of the hydraulic system as such, and an adequately 
designed program for cleanliness control will clearly be cost efficient. 

 Another effect of loading is skew loading, resulting in uneven load distribution between 
tie-rods or false bending moments in front platens and tie-rods due to high friction in the bearing 
supporting the front platen.  In some of the plants, therefore, the loads in the tie-rods are 
monitored by strain gauges.  However, balance influences not only the fatigue load of 
components, but also the extrusion process, and is paid attention to in most extrusion plants. 

2.3 Fatigue strength of extrusion press materials 

 Fatigue failures have occurred to front platens, tie-rods and cylinders.  Failures of front 
platens and cylinders have consistently occurred in cast materials, where the fatigue cracks have 
started in material defects of significant magnitude. 

 The quality of castings has, in general, not complied with requirements of fatigue 
engineering.  In many cases, the amount of flaws and defects in the cast material has been so 
large, that it has been impossible to inspect the components by ultrasonic testing, and difficult to 
inspect thoroughly by magnetic particle test.  Inspection for cracks is the only way to detect a 
fatigue failure In due time, and inspectability of materials should be a minimum requirement. 

 In most cases, the material quality is not documented in any detail, and in connection 
with trouble shooting and repair it has in many cases been necessary to regenerate material data, 
based on laboratory measurements and/or field measurements. 

 It is concluded, that for an extrusion press neither the control of loads nor the control of 
materials has been adequate for obtaining even a minimum of control of the fatigue problem.  For 
the loads, the problem could be overcome through measurements, but the lack of control and 
inspectability of existing materials has been a continuous headache in the development of the 
preventive maintenance program. 

 

3. IN-SERVICE INSPECTION, REPAIR AND TROUBLE SHOOTING 

3.1 Development of inspection program 

 DNV has developed a preventive maintenance program for extrusion presses with the 
scope to keep the fatigue problem under control.  The program comprises regular inspection for 
fatigue cracks using Magnetic Particle Inspection (MPI) and Ultrasonic Testing (UT).  Fracture 
mechanics was used to determine the inspection intervals.  A crack of length 70 mm and depth 
10 mm was assumed to exist in the inner surface of the cylinder, in the most unfortunate 
direction.  The time for this crack to propagate until leak was calculated to 5 years of normal 
service of the press. 

 A tradeoff between the technically correct interval (1 or 2 years) and the practically 
feasible was made, and it was decided to carry out limited inspections from the outside annually, 
and thorough inspection with opened cylinder every 5 years. 

 Tie-rods of different designs are comprised among the 44 extrusion presses, but for most 
of them, annual ultrasonic testing in-service (with tensile load on the rods) was considered the 
best approach (technically correct from a fracture mechanics evaluation, and practically feasible). 

 Inspection of the front platens was included in the annual and 5-year surveys.  MPI was 
used annually in accessible areas with the extrusion press assembled, and full inspection was 
made in the 5-year surveys. 

 For the sake of cost efficiency, a high degree of "opportunity maintenance" should be 
applied, i.e. the inspections should be concentrated to periods of limited shut-downs or openings 
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for other reasons than inspection.  Decision support programs to optimize the inspection efforts 
for a given shut-down opportunity are available with DNV. 

 Along with these inspections, MPI of other components like bolsters, container housings 
and crossheads are usually included as well, along with hydraulic peak pressure readings, in the 
annual surveys. 

3.2 Cast steel cylinders 

 The inspections have proven the material of many cast steel cylinders to be quite poor 
with regard to fatigue properties and inspectability.  In several cases, internal flaws from the 
casting process were present to such an extent that ultrasonic testing was not feasible ("total loss 
of backwall echo").  Also, the outer surface was in many cases too rough to allow adequate 
contact for the ultrasonic probe, and the rough surface was also quite disturbing for the MPI. 

 In 32 of the 44 cylinders, cracks have been detected.  In 15 cases, the cracks were so 
large that repair welding was considered necessary, whereas in the remaining cases, grind repair 
was sufficient.  Crack removal by grinding or burning was found to be difficult in some cases, as 
the cracks apparently were “chased” into the material during the grinding, probably caused by 
relief of residual stresses.  Procedures for "smart" application of thermal compressive stress fields 
in areas to be repaired were developed, using well-controlled preheating with electrical blankets.  
Using such measures, it has been possible to solve the problems of cracks that expand during 
grinding. 

 In 5 cases, crack surfaces were cut out for metallurgical examinations.  The examinations 
have revealed that the fatigue cracks consistently start from casting flaws.  In most cases, these 
flaws are larger in the middle of the material than near the surface, and consequently a majority 
of the fatigue failures have initiated inside the material, and not (as assumed in the fracture 
mechanics model) in the surface.  The defects have in most cases been significantly larger than 
the originally assumed 10x20 mm. 

 During grinding, it has been noted that new, subsurface flaws can occur.  Even such 
flaws are often filled with hydraulic oil.  (Using black light and fluorescent powder during MPI, it is 
possible to tell the difference between oil filled and dry cracks.)  In 4 of the 15 repaired cylinders, 
new cracks have occurred after repair, often in areas far away from the first repair. 

 The inspection program for cylinders, thus, has been only partly successful.  The reason 
is that the quality of the cast material was initially over-estimated; there were more and larger 
defects than assumed.  In the worst cases, the material is practically uninspectable, and fatigue 
cracks initiate in the interior of the material in many locations, where large flaws exist.  The crack 
propagation is promoted by oil pressure in the flaws.  The flaws form a more or less continuous 
pattern over large areas of the cylinder, and openings to the interior surface in the form of pores 
allow the flaws to be filled with oil. 

 As a consequence of these findings, the inspection program recommended by DNV has 
been revised.  The new program comprises criteria for rejection of cylinders (replacement or new 
cylinder), and procedures for estimating the residual life of a cylinder.  Presently, these 
procedures are of qualitative nature, and based on experience.  However more consistent, 
quantitative procedures are in progress.  They will be based on extended interpretation of UT 
signals, and possibly also on trial use of acoustic emission testing to identify growing fatigue 
cracks below the surface. 

3.3 Tie-rods 

 In 24 of the 44 extrusion presses, cracks have been identified in the tie-rods.  All the 
cracks have occurred in the thread region (first thread engaged by the nut), except for one, which 
started from a tack weld that was, for some undocumented reason, made on the tie-rod. 

 Crack investigations have revealed that the tie-rods have almost purely tensile load, with 
only insignificant effects of bending moments.  The notch effect is large, so the cracks initiate 
rapidly, but grow slowly.  The service time from when a crack can first be identified by UT to 
failure can amount to several years, and with annual UT, a wait-and-see attitude has been taken 
to many of the smaller cracks in tie-rods.  In fact, a few of them appear to have stopped, a 
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phenomenon that is also theoretically feasible based on fracture mechanics evaluations, 
considering the steep stress gradients in a thread.  The inspection program has been successful 
for tie-rods, and has clearly led to avoidance of at least two failures.  The program will be 
continued in unaltered form. 

3.4 Front platens 

 Most front platens for the 44 extrusion presses are cast steel, and the material quality in 
some cases is almost as poor as that for the cylinders.  In 25 of the 44 presses, cracks have been 
found in front platens. 

 The platens are mainly designed for stiffness, and their nominal stress level is low.  
Fatigue cracks, therefore, are concentrated at sharp fillets and surface breaking flaws.  They are 
in most cases easily removed by grinding, and only in a few cases has weld repair been called 
for. 

 Due to the sharp fillets and the correspondingly steep stress gradients, the crack growth 
rate is decreasing with increasing crack size.  Hence the service time from crack initiation to 
failure can be several years. 

 At the center hole, in the contact surface with the die, is another location for crack 
initiation.  Here, cracks can initiate in fretting marks in the contact surface. 

 Even these cracks, however, seem to have a slow rate of growth, and the 5-year interval 
between MPI’s in this area seems to be adequate. 

 The inspection program for front platens has been successful, and will be continued in 
unaltered form. 

3.5 Experience feed-back and reconsideration of the inspection program 

 The inspection program has been successful for all components, except for the cylinders.  
It has demonstrated that all the main components of the extrusion presses are susceptible to 
fatigue failures after a service time of the order 10 years with the present loading.  For 
replacement components, therefore, improvements are necessary for future successful operation.  
For cylinders and front platens, the required improvement can be achieved by using higher quality 
materials, whereas for tie-rods, other kinds of improvements are called for. 

 Testing of bolsters, container housings, pistons and crossheads has revealed cracks also 
in these components, and failures have been avoided as the cracks have been detected In due 
time. 

 To some extent, the scope of the future inspection program will be to take advantage of 
the potential remaining lifetime of cracked and/or repaired components.  To do this for a typical 
cast steel cylinder requires an inspection method that can distinguish between growing and non-
growing flaws internally in the material -- a material that is practically non-inspectable by UT.  
Refined ultrasonic testing procedures, or possibly acoustic emission (AE) may have the potential 
to satisfy this requirement, and trials of AE for extrusion press cylinders will most likely be started 
in 1995. 

 

4. FAILED COMPONENTS -- REPAIR OR REPLACE? 

4.1 Cast steel cylinders 

 The majority of cylinders in the extrusion presses inspected by DNV are made of cast 
steel, and were delivered in the 1970’s.  Fatigue cracks, originating from casting defects, with 
various depths from a few millimeters up to full penetration through the wall, have been 
successfully repaired by welding. 

 This requires a thoroughly elaborated welding procedure, adapted to the parent material 
in question, and comprising well-controlled heat treatment using electrical blankets before and 
after welding, and careful execution of the welding Itself.  With high constraint, high residual 
stresses in the material and unhomogeneous parent material, it is by no means an easy 
operation, and there are several examples of unsuccessful weld repairs from the past.  However, 
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it is our experience that these problems have now to some extent been overcome, and failed cast 
steel cylinders are, in general, repairable by welding. 

 But the repaired cylinder can still be full of flaws outside the repaired area.  Possibly, 
fatigue crack growth is in progress from several such flaws.  Most cast cylinders have an amount 
of material defects making them, for practical purposes, uninspectable by ultrasonic testing.  
Thus, even after repair, the cylinder will be susceptible to further fatigue failures, and there are 
many examples that leak number 2 occurs within 1 or 2 years from the first one. 

 Thus, when a cylinder has failed by leak, and other fatigue cracks in progress have been 
identified, it is usually considered that the cylinder has reached the end of its fatigue life, and 
replacement with a forged cylinder is the only option. 

 In a few cases, cylinders made of cast iron have been found.  It is DNV's opinion that 
cast iron is not suited for extrusion press cylinders under modern, tough service, and we 
consistently advise replacement of cast iron cylinders. 

 In other cases, weld repairs with the use of stainless electrodes have been found.  
Experience is that such areas develop new fatigue cracks after a short time of service.  Repair 
procedures using stainless welds are therefore generally not recommended. 

4.2 Tie-rods 

 A threaded tie rod is a highly stressed component, with fatigue performance strictly linked 
to very fine geometrical (and metallurgical) tolerances in the thread area. 

 Thus, we see no method for permanent repair of a threaded tie-rod with a large fatigue 
crack in it. 

 The crack growth in a tie-rod, however, is quite slow when the crack exceeds a certain 
size, and the remaining life of a tie-rod where a crack has been identified can be many years.  It 
can, in some cases, be stretched further by turning the nuts in order to displace the point of 
maximum loading to outside the cracked area.  The crack growth can be followed by ultrasonic 
testing, and by choosing the interval for such testing adequately, it is not considered risky to run a 
tie-rod with a known crack in it for some time. 

 When interpreting the ultrasonic signals, it is important to know the material used in the 
tie-rod.  Different materials are in use, from normalized mild steels to high strength quenched and 
tempered steels, and their response to fatigue crack growth, as well as their response to 
ultrasonic testing, can be quite different. 

4.3 Front platens 

 Front platens have been repair welded several times.  Whenever such welding is done 
with adequate quality assurance measures (like those described for cylinders), repair welding has 
been successful, and it is concluded that front platens made of cast steel can readily be repaired 
by welding if they develop fatigue cracks. 

 Only in cases where very poor material quality has been identified in front platens, has 
replacement been found necessary. 

 

5. REQUIREMENTS FOR REPLACEMENT COMPONENTS 

5.1 General 

 It is fully documented that a majority of the failures experienced with extrusion presses in 
recent years are of the fatigue type, and have occurred because the designs and materials of 
major extrusion press components have not been adequate for modern press operation.  
Replacement components, therefore, can not be made by relying on past experience of suppliers, 
or designs of yesterday.  Novel approaches, with much increased emphasis on fatigue properties, 
must be found.  It is a major challenge for the buyers to secure that this innovation is achieved 
simultaneously with the best price for the supply.  The answer is detailed specifications, to be 
used as basis for the bidders.  DNV has developed such specifications for supply of castings, 
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forgings, welded connections and tie-rods, with reference to recognized quality standards well 
known to suppliers in USA and Europe respectively. 

 The specifications are based on material specification principles used in the offshore 
business, but are adapted to the special requirements (regarding cost as well as quality) of 
aluminium extrusion presses. 

 In many cases DNV, through its international network of offices, follows up the production 
and testing of the materials and components in different countries on behalf of the client. 

5.2 Cylinders 

 Standards for castings, meeting the requirements that need to be set for fatigue 
performance of cylinders, are available.  Theoretically, therefore, it is possible to continue using 
cast cylinders. 

 However, it has been found in practice that it is difficult or impossible to make foundries 
commit themselves to meet such strict standards for large castings like a cylinder. 

 In practice, therefore, the choice for new cylinders has usually been forgings, with one or 
two circumferential welds.  Close control of the weldments has been found necessary to secure 
that casting defects are not replaced with weld defects, but this is no big problem using modern 
welding methods, and modern Quality Control measures for welds. 

 Only in a very few cases, practical or commercial constraints have made it difficult to 
order forged cylinders in one piece, and the choice has been cylinders assembled by welding.  
Thorough strength analyses and fatigue calculations have shown that this is only possible by 
going to the very limits of what is technically possible in terms of fatigue performance for welded 
connections.  Comprehensive quality assurance measures are called for, and even then the 
result has been designs that must be characterized as marginal with regard to fatigue 
performance. 

5.3 Tie-rods 

 Threaded tie-rods with conventional nuts have a stress concentration factor of the order 
10 in the bottom of the first engaged thread.  This basic fact leads to the conclusion that most 
threaded tie-rods are critical, or close to critical, with respect to fatigue.  The high fraction of 
cracked tie-rods found during the inspections reflect this basic fact, and leads to the conclusion 
that even for tie-rods improvements with regard to fatigue performance are called for. 

 The easiest solution is probably a redesign of the nuts, giving a reduced stiffness in way 
of the first engaged thread (so called tie-nuts).  There are different practical solutions here, but 
some of them are hard to apply in practice due to limitations of available space. 

 Further, the geometrical tolerances of the thread (shape, pitch and surface roughness) 
are important for the fatigue performance of the connection, and should be kept within pre-
defined limits. 

 Techniques for local improvement of fatigue strength of the thread bottom, like cold 
rolling or shot peening, have been discussed, but have so far not been used in tie-rods supplied 
where DNV has been involved.  Lack of documentation of final properties, particularly in terms of 
tolerances, is one important factor that causes reluctance to apply such measures. 

 For tie-rods of other designs than threads, the stress concentration factor is smaller, and 
the fatigue problem can be kept under control by more simple QA measures. 

5.4 Front platens 

 Front platens are, in general, designed for stiffness and thus moderately stressed.  
Material specifications for new front platens are therefore not so strict as those for cylinders.  
Material requirements should secure a minimum of weldability in the case of repair welding, 
inspectability of the material by use of UT, absence of large flaws, and avoidance of sharp 
notches. 
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6.0 SUMMARY -- ADAPTING EXTRUSION PRESSES FOR A HIGH CYCLE 
FATIGUE LOAD ENVIRONMENT 

 The paper describes the activities of DNV to adapt extrusion press design and 
maintenance to the high cycle fatigue load environment that arises under modern, high 
performance operation of the presses. 

 The efforts are twofold: 

i. To take maximum advantage of available remaining life of existing extrusion presses, without 
unacceptable risks for sudden fatigue failures. 

ii. To specify replacement components that will sustain the service requirements of today and 
tomorrow. 

 A systematic inspection program, presently covering 44 extrusion presses, is carried out, 
and the experience is systematically fed back into programs for condition evaluation, predictive 
maintenance and specifications for replacement components. 

 Adequate fatigue performance of major extrusion press components requires the use of 
designs and materials that are superior to what was formerly used.  However, the solutions are 
well known from other fields of engineering, like offshore structure or the automotive industry. 
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 Editor’s Note: At ET 2004, Rick Colden and Adam Cramlet presented the following paper 
describing a temporary repair and eventual replacement for a main cylinder on a 1675 US Tons 
Wean press.  The following condensed version of their paper describes both temporary and 
permanent repairs and the creative methods used to shorten the cylinder replacement time.  
Refer to the original paper9 for the complete story.  We are grateful to them for sharing their 
experience and ideas with the Extrusion industry. 
 

Catastrophic Failure: A 48 Hour Remedy 

The Problem: A Crack in the Main Cylinder 

Even with a predictive maintenance program that incorporated annual ultrasonic testing, 
a crack initiated and propagated through the ductile iron bell housing on one of Alexandria 
Extrusions’ 7” presses.  Initially a 1972 Wean 1675-ton press, it was converted to 1900-ton 
capacity in 1995.  This crack initiated from the inside of the bell housing at the drain plug location, 
which made it extremely difficult to detect with ultrasound.  Immediately after detection of the 
leak, a forged bell housing was ordered from Lake Park Tool, with an estimated 12 to 16 week 
lead-time for a complete forged and machined housing.  However, because of the urgency, Lake 
Park Tool was able to finish the housing in just 10 weeks.  Fortunately, the drawing verification 
and quoting process was already completed, so no time was sacrificed in the design or 
purchasing process.  A new housing was not kept on hand due to its high cost and the belief that 
the ultrasound testing would give enough forewarning to order a new one and have a minimal 
amount of downtime. 

To slow the rate of growth of the crack until the main cylinder could be replaced, the 
maximum operating pressure of the extrusion press was reduced from 3400 psi to 2500 psi.  
Press operators were advised to run billets at elevated temperatures to facilitate running the 
same extrusions with a 25% loss in tonnage.  This resulted in decreased production because the 
higher billet temperatures required slower extrusion speeds to sustain acceptable exit 
temperatures.  A second extrusion press with spare capacity was available, but not enough to 
entirely cover for the press with the cracked housing.  As a last resort, work could be sent to other 
extruders. 

A rudimentary measurement of the crack growth was accomplished by measuring the 
volume of oil lost over a set period of time.  From these measurements, it became obvious that 
the crack was growing at a rapid rate and needed to be dealt with promptly.  As the crack grew, 
supplemental hydraulic cooling was required because of the heat created from the oil flowing 
through the crack.   

Temporary Repair: 

 There was only one choice in the repair method 
due to the size of the crack, its location, and the time 
required for the repair.  After the size of the crack was 
found with magna-flux testing, a plug and patch system 
was designed as a temporary fix.  The size of the crack 
through the thickness of the housing was estimated in 
order to size the plug.  The plug was turned and 
machined out of 11” round 4140 steel stock, and the 
main cylinder housing was machined from the inside to 
match the profile of the plug.  The housing was 
machined with a portable boring tool.  The plug was then 
machined to match the milled out portion of the housing.  
This plug locked itself in place with a radial keyway and 
key, which was machined into the plug.  O-rings were also installed in the plug to help seal it.  
The plug was threaded on one end and a 2” thick bent washer was held in place by the nut and 
welding around the outside perimeter of the washer.

                                                           
9 Colden, Rick, and Cramlet, Adam, “Catastrophic Failure: A 48 Hour Remedy,” Proceedings of 

8th International Aluminum Extrusion Technology Seminar, (2004). 

 
Figure 4-11: Main cylinder housing plug and 

patch assembly. 
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Permanent Repair: 

Completing the change-out in the minimum time with minimum loss of production 
required careful planning and scheduling, including development of innovative rigging tools.  
Proposals from outside contractors for changing out the cylinder housing indicated a changeover 
time of two weeks.  It quickly became apparent that different rigging methods were needed for 
this project.  Blocking, jacking and shifting the large pieces were the major time consumers in the 
proposal.  That method of rigging simply would not be rapid enough, so it was deemed necessary 
to design custom rigging devices. 

TOOL DESIGN 

All of the rigging devices were 
designed with speed and safety in mind. 

• For the repair of the housing, the ram 
needed to be removed and reinserted.  
To accomplish this, two saddles with 
jack bolts, for adjustment, were built.  
These saddles supported the ram from 
the underside and rode on the ways of 
the press with machine rollers.  
Adjustable lateral guides were built into 
the saddles to keep the ram from losing 
its alignment. 

• To remove the main cylinder housing 
from the press, the pre-fill valve would 
need to be shifted sideways with a 
miniature bridge crane mounted to the 
underside of the oil reservoir. 

• A rod, truck and cam follower design 
was implemented for removing the main 
cylinder housing.  It was determined that 
a long, thick walled steel tube slightly 
under the diameter of the opening in the 
back of the housing where the pre-fill 
valve bolts on to the main cylinder 
housing would support the entire 
housing.  The steel tube was fitted on 
one end with a tapered fitting that would 
insert into the front platen pressure ring 
later on in the removal process.  The 
steel tube was also fitted with a locking 
device securing it to the platen to 
prevent accidental movement. The steel 
tube was supported on one end by an 
adjustable truck and on the other end by 
another adjustable truck and the platen 
of the press.  The trucks had machine 
rollers at their base to allow them to 
move along with the housing.  The 
housing itself would ride on the steel 
tube through a system of bolt-on cam 
follower assemblies that attached to both 
ends of the housing. 

• In order to remove the main cylinder 
housing and the main ram, one of the 
top tie rods needed to be moved out of 

 
Figure 4-12: Main ram saddle with 4 jack bolts, side 
guiding cam followers and machine rollers. 

Figure 4-13: Rear truck with top clamp bar (left) and front 
truck with top clamp (right).  Both trucks are outfitted with 
machine rollers and cam follower assemblies.  Each 
truck has jack bolts controlling vertical and horizontal 
adjustment. 

Figure 4-14: Main cylinder housing cam follower plates. 

 

Figure 4-15: 9.5” diameter 1” thick wall steel tube with 
tapered fitting (above) and main cylinder housing with 
cam follower plates (below). 

 



Inspecting & Repairing Major Components - Chapter 4 

4-36  

the way.  This was done by sliding it partially out the front platen and supporting it with a 
simple stand. 

DRAWING VERIFICATION 

Drawings of all components that were to be replaced were cross-checked with the 
original drawings and compared to its field application to make sure that there were no 
interferences if changes were made from the original design, or were dry fitted at the press.  All 
drawings were prepared and verified to be correct before the components were ordered.  As the 
components arrived they were measured for dimensional accuracy or inspection data was 
required from the supplier to assure that the parts were built to print.  The drawings were also 
used to verify weights to properly plan for tool design and rigging. 

SCHEDULING 

For both the repair and replacement sequence for the bell housing, scheduling was a 
critical issue for everyone from the customers to press crew personnel.  Customer service 
maintained close contact with the customers to keep them informed of potential delayed or 
missed orders.  Maintenance crews were requested to expand their hours by up to 50% when 
necessary.  To temporarily supplement the maintenance crews during the change-out, outside 
millwrights were also hired.  Press personnel were scheduled to remain at the press area and 
supplement the maintenance crews when less technical tasks needed to be done. 

REPLACEMENT COMPONENTS 

All moderate to low cost wear items, including o-rings, fittings, hoses and seals, were 
planned on being replaced.  After removing and cleaning old components, they were fitted with 
these new items.  All tapped holes had a tap run through and all fasteners were inspected.  
Unless there was proof any of these items had been replaced recently, it was decided to replace 
them. 

COMPONENT ORGANIZATION 

In this project, the importance of labeling and organizing components was not an 
oversight.  This was a critical step that affected the speed at which the press was reassembled.  
Containers were labeled for containing small components such as nuts, bolts and fittings.  
Organizing in this manner made it extremely easy to clean and prepare these small parts.  
Anything that couldn’t fit in a bucket would be labeled with marker or a tag and digitally 
photographed in its original position on the press to avoid any confusion at the time of 
reassembly.  All documents, photographs, etc. were posted in the immediate press area for easy 
clarification.  This concept would prove especially helpful with electrical components, conduit, 
hydraulic piping and hydraulic fittings. 

TOOL ORGANIZATION 

Tool carts were set up for each of the smaller jobs mentioned earlier.  These tool carts 
contained all the tools needed for removing and installing the components.  This guaranteed that 
tools would be kept together, which meant no searching for missing tools.  A small amount of 
tools were purchased just to make sure each cart had a complete set of tools.  Also, extra tools 
were purchased as back up in case the original tool failed without having one readily available 
locally. 

JOB ORGANIZATION 

The organizational mindset for setting up jobs was similar to a pit stop at an automobile 
race-track.  In order to maximize efficiency and manpower, multiple tasks or jobs were organized 
to run simultaneously.  This would allow maintenance personnel to run these smaller tasks in 
parallel by using press personnel, millwrights, or both to lend support.  Millwrights were to be 
recruited for their expertise with handling large pieces of equipment and rigging, but they still 
would operate under the supervision of maintenance.  The list generated of changeover and 
repair jobs included removal and installation of: container, container housing and stem, tie rod, 
pre-fill valve, hydraulic lines, electrical lines and conduit, ram and bell housing.  A Gantt chart was 
developed and posted outlining all of the specific tasks, person responsible and time-line for each 
operation. 
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RIGGING 

The main ram and main cylinder housing tooling was specially designed to speed up and 
make safer certain parts of the rigging, but the usefulness of that tooling ended at moving and 
locating the main ram and main cylinder housing into a position where it could be rigged with 
another piece of equipment.  A portable gantry crane was provided by the millwright company to 
pick the main ram and main cylinder housing out from the press frame.  To insert the rod into the 
housing for its removal, an overhead crane and forklift were used.  An oversized forklift (again 
supplied by the millwright company) was used to transport the ram and housing to and from the 
gantry crane and into and out of the plant. 

 

IMPLEMENTATION 

MAIN CYLINDER HOUSING REMOVAL 

To speed up the process, a few days before the press was shut down, all components 
not needed for operation of the press were removed, such as the hydraulic reservoir mezzanine, 
sound curtains, etc.   Hydraulic and electrical power were retained for removal of the container, 
stem, container housing and to loosen the necessary tie rod nuts. 

Once the ram was run out partially and supported, the cross head was extracted and the 
saddles put into position.  The shear blade had to be chained up to keep it from closing off the 
platen hole.  The main shutoff valve for the oil reservoir to the pre-fill valve was closed and the 
hydraulic lines, electrical lines and conduit 
were removed.  At the same time, the 
temporary plug and patch were removed 
and the bell housing cleaned and checked 
for high spots that might have caused 
problems extracting it from the rear platen.  
These high spots were then ground flush. 

Once those tasks were completed, 
two teams were formed.  The first team 
attached the crane to shift the oil pre-fill 
valve and the second shifted the tie rod out 
of the front platen.  A come-a-long then 
pulled the ram out into a position so that it 
could be picked out by the gantry crane.  
After the ram was removed from the press 
frame, the tooling system for main cylinder 
removal was put in place.  Both cam 
follower fixtures were bolted to the front and 
back of the housing and trucks positioned in 
the rear and the front of the housing.  The 
rod was then inserted through the back of 
the cylinder and fastened to the front platen 
of the press.  A clamp was also placed on 
the rear of the rod as a safety measure.  
The jack bolts on both the front and rear 
truck were raised to align the housing 
vertically and horizontally for extraction.  
Come-a-long power again was used to extract the housing.  Due to the stress levels that the steel 
tube could handle, great care was taken in the positioning of the trucks with respect to the 
housing.  Both trucks were kept as close to the housing as possible at all times.  Once the 
housing was shifted to a location under the gantry crane, the load was removed from the pole and 
the pole extracted from the housing.  The old housing was then removed from the press frame 
with a gantry crane and from the site with a large forklift. 

 
Figure 4-16: After end of ram is blocked up and 
crosshead is removed, saddles are placed 
under it. 

Figure 4-17: Tie rod is shifted and ram is in 
position to be removed with gantry crane. 
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MAIN CYLINDER HOUSING INSTALLATION 

The installation of the new housing and reassembly of the press was the exact reverse of 
the removal process with few differences.  A power washer was used to clean the entire press 
(especially the rear platen) before reassembly.  The area where the housing fits into the rear 
platen was also closely inspected for any damage that may have occurred during the extraction 
process.  Any burrs or galling that may have 
occurred during the extraction process were ground 
and buffed out.  Certain new components replaced 
old or worn out items.  The housing itself was 
packed with ice to make it fit into the platen easier.  
Fasteners and the contact area between the 
housing and the platen were coated with anti-seize 
lubricant and all the nuts torqued to manufacturer 
specification. 

RESULTS 

On Wednesday evening the extrusion press 
disassembly began, and by Thursday noon, the 
press was ready to receive the new bell housing.  A 
few hours were lost because the new housing 
arrived at 2:00 P.M. on Thursday, and a few 
problems were encountered getting the housing off 
of the trailer due to its great mass.  The housing was 
packed with ice and cooled for a couple of hours 
before reassembly began.  Friday night at 7:00 P.M. 
the press was extruding at full pressure.  
Throughout the duration of this project, the cost of 
meetings, engineering, tooling fabrication, and 
millwrights didn’t exceed $25,000. By computing 
with hourly press rates alone, approximately 
$200,000 was saved because of the speed at which 
the old housing was extracted and the new one 
installed as compared to the quoted lead-time. 

With the aid of merely two outside hired resources, the new housing was installed and 
the press was running at full power inside of 48 total hours from the time it was shut down.  This 
was made possible because of tremendous organization from the planning team, inventive tooling 
design, and great effort from shop personnel. 

CONCLUSION and RECOMMENDATIONS 

In conclusion, a predictive maintenance program must be able to catch fatigue cracks 
before they begin to grow at an exponential rate; otherwise its existence gives a false sense of 
security and could do more harm than good.  A good predictive maintenance program would 
include removal of the ram and inspection of the inside of the housing as well as the outside.  It is 
highly likely that this would have resulted in catching the crack much earlier in its growth.  Early 
detection would have allowed for unhurried ordering of a replacement and a smaller plug to 
temporarily repair the housing if necessary.  Though removing the ram itself is a daunting task, 
with specialized tooling this feat can be achieved in a reasonable amount of time and in a safe 
manner. 

All facilities should have up to date drawings and suppliers picked for large, built to order 
items such as tie rods, platens and main cylinders.  From the date of order, if a company has the 
resources, then the planning, tooling design and tooling build should be able to take place before 
the new components arrive.  However, if an extruder relies heavily on an old piece of equipment 
and cannot afford any downtime, then it is recommended that spares be purchased, tooling built 
and a plan generated in case of a catastrophic failure.  Due to lost pressure it was extremely 
difficult to loosen the tie rod nuts to move it.  It would be sensible to keep an auxiliary tie rod at 
your disposal in the case that pressure is lost quickly and the tie rod needs to be cut off to extract 
the ram and housing. 

 
Figure 4-18: Pre-fill valve is shifted and main 
cylinder housing removal tooling is positioned. 

 

 

Figure 4-19: Main cylinder housing is shifted 
into position to be slung by gantry crane to 
allow for rod removal. 
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Additional Recommendations for Successful Component Replacement 

To purchase a replacement part, contact: 

• Original press builder (if still in business) 

• Other press suppliers 

• Major component suppliers 

To get multiple bids you will need detailed drawings and specs 

• Buy drawings? 

• Have them made? 

Important to specify: 

• Forged (not cast) 

• Forging tested & certified before machining 

• Design by FEM 

• No sharp radius – polished out, no tool marks 

• Ultrasound and MPI after machining 

Track fabrication progress with visits to supplier’s plant: 

• Is it on schedule? 

• Are dimensions correct? 

• Observe tests. 

NO SURPRISES !!!!! 
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HHyyddrraauulliicc  EEqquuiippmmeenntt  
This chapter is sponsored by Bosch Rexroth 

www.boschrexroth.com/en/xc/products/product-groups/industrial-hydraulics/index 
 

Basic Hydraulic System Maintenance 

 This review of hydraulic system maintenance is organized around the basic elements of 
the hydraulic system: pumps, piping, valves, filtration, the tank, the oil, etc.  However, this manual 
can not take the place of basic training in the fundamentals of hydraulic systems, their 
maintenance and trouble shooting.  Excellent courses are offered by most manufacturers of 
hydraulic equipment, ranging from hands-on training at their facilities, to in-house training at your 
plant.  Video and slide training are also available.  It is recommended that you include basic 
hydraulic courses in your training curriculum. 

Hydraulic Oil1 

 Like the blood circulating in our bodies, hydraulic oil is the life-blood of the hydraulic 
system, and so it must be kept in perfect condition.  It has been estimated2 that 75% of all system 
failures are a direct result of contamination. 

 Foam or air bubbles are indications of aeration of the oil, which may cause cavitation and 
premature failure of the pumps.  If the oil color becomes darker, it may indicate that the oil has 
been overheated.  Clouding may indicate increased water content. 

 A detailed review of oil contamination and filtration is contained in the paper “Proper 
System Maintenance to Avoid Contamination and Cavitation,” presented at the AEC Press 
Maintenance Seminar in Chicago, in 1991 by Mr. Jack Hayes, Oilgear Corporation (reprinted here 
with permission, beginning on page 5-13). 

 Contamination interferes with the four main functions of hydraulic fluids: 

• to act as an energy transfer medium 

• to lubricate internal moving parts of components 

• to act as a heat transfer medium 

• to seal small clearances between moving parts. 

Contamination may be present in many forms, most commonly as solid particles (particulates), 
water, and entrained air. 

Particulate Contamination.  Solid particles cause wear related problems and interfere with the 
lubrication properties of hydraulic fluids.  Internal parts such as the gear set of a pump, or a valve 
spool, will be affected, causing malfunction.  Valves for directional or flow control or pressure 
relief may malfunction; sensitive components such as servo valves may jam or stop completely. 

 Extremely fine particles, called “silt”, may accumulate in the space between a 
component’s moving parts, eventually causing a sticking or sluggish action.  “Silt” accumulation is 
the most common cause of frequent solenoid burnouts, inaccurate positioning, and overall wear. 

 Particles equal to the dynamic clearances of a component (see table page 14) interfere 
with the lubrication process and accelerate abrasive wear.  They also contribute to the “wear 
chain reaction” (see Figures 5-8 and 5-9), where the abrasive action helps to create new particles 
from component surfaces.  This phenomenon accelerates until catastrophic failure may occur.
                                                           
1 Because most extrusion presses currently operate with petroleum oil as the hydraulic fluid, we 

have chosen to use the terms “oil” and “fluid” interchangeably in this manual.  However, 
please note that, in addition to a few water presses still in service, work is also continuing 
toward developing a non-flammable hydraulic fluid that is suitable for extrusion presses. 

2 Parker Hydraulic Products and Total Systems Engineering, Parker Filter Division, Metamora 
OH. Catalog 0108, p.179. 
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 Larger particles restrict or block flow through clearances and orifices, leading to 
component malfunction, higher operating temperatures, higher pressure drops, and often 
catastrophic failures. 

 Damage-causing particles are usually smaller in size than 40 micrometers and are 
therefore not visible by the naked eye.  For reference: 

Sizes of Familiar Objects 

 Micron Inches 

Grain of Table Salt 100 .0039 

Human Hair 70 .0027 

Lower Limit of Visibility 40 .00158 

White Blood Cells 25 .001 

Talcum Powder 10 .00039 

Red Blood Cells 8 .0003 

Bacteria (average) 2 .000078 

 

The level of cleanliness of a fluid is measured in terms of the number of particles of 
different size ranges in a specified volume of fluid.  Very sensitive optical instruments are used to 
count the number of particles. 

 The standard methods for measuring fluid cleanliness have been revised.  For more 
information refer to Oilgear Bulletin 90007-D, page 5-41. 

 Keep in mind that new oil is not necessarily clean oil.  Contamination at the refinery or 
anywhere in the transportation/distribution process may have resulted in contamination.  Most 
new oil is contaminated.  All hydraulic oil should be filtered before being put into service. 

Water Contamination.  Water is a common contaminant of hydraulic oil and may cause damage 
of the following types: 

• corrosion of metal surfaces 

• accelerated abrasive wear 

• bearing fatigue 

• fluid additive breakdown 

• variation in viscosity 

 Water may enter the hydraulic system through various means.  Drums stored outdoors 
will accumulate water, which enters when drums are open or filled.  It may enter through worn 
cylinder seals and reservoir openings.  Condensation is a constant source – moisture in air 
condenses on the inside of the reservoir, causing rust and corrosion. 

 Water also causes the growth of microbes and “slime,” resulting in short fluid life, 
degraded surface finishes, and inconsistent fluid performance. 

 Each fluid has a water saturation point, above which it can not dissolve any more water.  
Any excess water is “free” or emulsified, and may be seen as a “milkiness” or discoloration of the 
oil.  As little as 0.03% of water may saturate the oil. 

 Water contamination up to 2% may usually be removed by highly absorbent filter media, 
which fit into standard filter housings.  If contaminated above 2%, special settling or centrifuge 
treatments may be necessary. 

Keeping Contamination Out.  Control of contamination is divided into two areas: exclusion 
and removal.  It is necessary to exclude as much contamination as possible from the system by 
every means possible. 
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• Reservoir air breathers must be filtered; oil-type breathers should have the oil 
checked and changed often. 

• Seals on press cylinders must be well maintained and kept clean to keep dirt out. 

• Hoses and manifolds must be capped off during maintenance. 

• Flush all systems before putting into service and after component failures. 

• Filter all fluid before putting it into service. 

• Clean the entire system often – wash it down, remove rags, etc., so as to detect any 
leaks and avoid any contamination entering the system. 

 

 

 
 

Figure 5-1:  Typical tank-mounted hydraulic system from the 1970’s 
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Oil Filtration 

 Hydraulic oil filtration for 
extrusion presses is reviewed in detail in 
the article, “Proper System Maintenance 
to Avoid Contamination and Cavitation,” 
by Jack Hayes of Oilgear Corporation, 
beginning on page 5-13 of this chapter as 
well as in Oilgear Bulletin 90007-D on 
page 5-41. 

 Note that an auxiliary filtration 
loop (“kidney loop”) is preferred (figure 5-
2).  This is a separate loop that 
continuously pumps a stream of oil from 
the system through a filter unit.  If 
possible this loop should be operated 
continuously, even when the press is 
stopped, for example for the weekend. 

All filters should be of the 
indicating or “tell-tale” type, which will 
give a visual indication when replacement 
of the element is due.  In addition, always 
drain and clean the cartridge case when 
changing the filter cartridge. 

 Some experts recommend an annual 
cleaning of the oil tank, by first transferring 
the oil to an auxiliary storage tank; in this 
case the oil should be passed through filters 
and water removal media when it is returned 
to the clean tank.  However, other experts say 
that periodic tank cleaning is not 
necessary if the system cleanliness is 
maintained properly.  Cleaning might 
actually introduce new contamination if not 
done properly. 

Oil Temperature and Viscosity 

 Follow the pump manufacturer's 
recommendations regarding oil temperature, 
fluid viscosity, and cleanliness levels.  
Viscosity and viscosity index are the main 
criteria when selecting oil.  Because pumps 
may operate over a temperature range, select 
the oil that will give you the proper viscosity 
for that operating temperature. 

 Oil temperature must be maintained 
below a maximum of 140oF (60oC).  
Temperatures above this level lead to 
deterioration of the oil, loss of lubricating 
properties, and excessive wear to pumps. 

Modern heat exchangers and 
temperature controllers have increased the 
reliability of temperature control, but periodic 
visual verification is needed because of the 
critical nature of this control. 

 
 

Figure 5-3:  Shell and tube heat exchangers 
 

 
 

Figure 5-4: Plate & frame type heat exchanger 

 
 

Figure 5-2: Filtration by “kidney loop” 
 

Shell & tube heat 
exchangers 

Filters 
 
 
Oil circulation pump 
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 Most new presses are equipped with plate-type heat exchangers, which are easier to 
clean and may be easily expanded by adding plates. 

 Heat exchangers must be checked periodically for oil or water leaks, especially for water 
getting into the oil.  Check for excessive heat, and check that water flow is properly controlled to 
maintain oil temperature below set point.  During periodic shut-downs, flush the exchanger and 
check for signs of scale or corrosion.  Clean or replace the zinc anodes if needed. 

 High oil temperature may also indicate a hydraulic valve malfunction, such as excessive 
by-passing over a relief valve or internal by-passing in some component. 

Oil Level 

 Visually check the oil level every day, and refill as needed.  Oil level should be checked 
with the main ram fully returned or retracted; the oil level should be at the high oil level mark as 
indicated on the sight gauge.  It is important to maintain oil level at the high level in order to 
minimize oil velocities in the reservoir which, in turn, allows contamination to settle and allows 
entrained air to escape from the oil. 

 Oil level should be checked with the main ram in the same position each time, as there is 
a big difference in oil level according to whether the main ram is extended or retracted.  Low oil 
level may result in excessive heat or air in the system. 

Oil Sampling and Analysis 

 Most contaminants in hydraulic oil are invisible to the human eye.  Damage-causing 
particles range from 5 to 40 micrometers in size, but the limit of human visibility is only 40 
micrometers.  Also, acids, water, and other by-products of oxidation cannot be easily detected by 
human senses.  Therefore, oil sampling and analysis by other means is necessary. 

 On-site tests are possible by means of a Patch Test Kit, which gives immediate 
information.  However, the range of detail provided is very limited, and the Patch Test Kit should 
only be used in special circumstances. 

 Complete laboratory analysis is the preferred method of oil testing.  Numerous test labs, 
especially suppliers of oil and hydraulic equipment, offer these services.  Oil samples are 
gathered, labeled, and sent in, at a frequency ranging from monthly to semi-annually.  The test 
report should be returned within 24 to 48 hours after receipt, and will indicate such information as: 

• Spectrochemical analysis of wear metals and additives. 

• Particle count over various size ranges, also expressed as an ISO cleanliness code. 

• Viscosity at 100oF. 

• Water content expressed as a percent of volume. 

• Analysis recommendations. 

For additional information on il Sampling and Analysis see pages 5-59 to 5-62 in this 

chapter. 

Air Breather 

 It is important to maintain sufficient oil in the air breather, of the same grade as the 
hydraulic oil in the system.  Clean the air breather and refill it with oil every month, more often if 
environmental conditions require it. 

Pumps 

Most hydraulic pumps used in the extrusion plant are radial- or axial-piston pumps, either 
bent axis or swashplate type.  Follow your pump manufacturer’s instructions regarding periodic 
checks and maintenance. 

 Obtaining the maximum service life and performance of hydraulic pumps requires the 
following: 
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Top quality oil condition.  Oil must be filtered, cooled, clean, and free of water as discussed 
above.  Oil condition is the most critical factor in pump life. 

No cavitation.  Air bubbles entrained in the pump suction collapse violently, causing erosion of 
metallic surfaces.  See page 5-19 for a more detailed review of cavitation. 

Proper alignment and rotation.  Shaft alignment must be checked with a dial indicator any time 
the motor or pump has been removed and replaced.  Check alignment and rotation before re-
coupling.  Repack the coupling with grease as needed. 

 Also, periodically tighten the mounting bolts of the pump and motor, to avoid 
misalignment, excessive wear, and noise. 

 
 

Figure 5-5: Floor-mounted pump layout with three main pumps, three auxiliaries, one spare, “kidney 
loop” filtration, and plate-type heat exchanger at rear 

(Photo courtesy of Presezzi Extrusion) 
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Valves 

 Valves are used to control the flow of the hydraulic fluid to properly sequence the 
equipment.  The most commonly used valves in an extrusion press circuit are:  relief valves, 
check valves, directional control valves, and pre-fill valves. 

Relief valves:  used to control the hydraulic pressure in a circuit.  Several relief valves may be 
employed in the circuit with different pressure settings; therefore, be careful that each valve is set 
to the correct pressure, according to the hydraulic schematic.  An accurate pressure gage should 
be used when setting relief valves. 

Check valves:  used to permit flow in one direction 
only.  Note: check valve bonnets are normally fitted 
with soft steel gaskets, which are good for one 
disassembly only.  When ordering replacements, it 
is recommended to specify soft copper gaskets 
instead. 

Directional control valves:  used for logic 
functions by changing the direction of oil flow.  
Large directional control valves are electric 
solenoid, pilot operated type.  Each pilot head has 
pilot pressure and pilot drain connections.  The pilot 
pressure provides the force for shifting the valve 
spool. 

 When trouble-shooting valve problems, look 
for the most common system problems: 
contamination and oil condition.  Dirt or foreign 
matter in the system may hold check and relief 
valves open or prevent directional valve spools from 
shifting.  Excessive heat in the oil may cause valve 
bodies to warp and bind the spools, or 
carbonization of the oil may form gum and cause 
the spools to stick. 

 When installing a valve, take care to avoid 
strain in the valve body.  Piping should fit up to the 
valve body and should not be forced into position.  
The pipe should be re-bent or welded as necessary.  
While the valve spool may shift freely when cold, it 
may bind after the system reaches operating 
temperature. 

 Valve spools must move freely in the body (but not loose).  Never force a spool into the 
body.  If movement is tight or rough, check for burrs or foreign matter.  Small burrs may be 
removed with a stone, but never stone the spool sealing surface.  Tight areas may be eliminated 
by lapping the spool into the body with lapping compound; flush the valve thoroughly afterwards 
to remove any lapping compound from the valve. 

All valve bolts should be re-tightened monthly to prevent oil leaks.  Valve solenoids 
should be cleaned and checked for broken covers or wires. 

Piping 

 System shock is one of the major causes of pipes leaking.  Proper tuning of the press is 
required to eliminate shock and to prevent damaging the pipe system. 

 Check daily for leaks at pipe flanges, tube fittings, welds, and manifolds.  Check oil 
connections to cylinders.  Look for seepage around valves -- at pipe connections, where mounted 
to manifolds, and also for leaks within the valve.  Bolts should be tightened monthly.  Note: oil 
leaks may be spotted more easily by use of ultraviolet light. 

 
 

Figure 5-6: Manifold with directional valves 
 

 
 

Figure 5-7: Prefill valve 
(Photo courtesy of Presezzi Extrusion) 
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 Loose or broken pipe clamps should be repaired immediately.  Their function is to 
minimize strain on pipes and must be tight to accomplish this. 

 Suction breaks (usually needle valves, noted on the system hydraulic diagram) should be 
opened before breaking into any piping, in order to avoid unexpected siphoning or draining of 
hydraulic oil. 

 New piping:  Prior to installation, clean pipes and tank of all contaminants, scale, sand, 
metal swarf, etc.  All welded or bent piping must be pickled, flushed, and lubricated before being 
placed in service.  Use only lint-free wipers for cleaning purposes.  Pipe should be seamless 
steel.  Do not use sealing material such as hemp, putty, or sealing tape.  Avoid hoses whenever 
possible.  For more information on Piping see page 5-49, Piping Information (Oilgear Bulletin 
90011-F) and Resistance of Valves and Fittings to Flow of Fluids, page 5-53. 

Pressure Gages 

 Where gages are used for diagnosis of performance or problems, it is recommended to 
use quick gage disconnects and removable gages.  Permanently installed gages are subject to 
inaccuracy due to vibration or plugging; it is better to use gages which are known to be accurate. 

Reservoir 

 The top of the oil reservoir should be kept clean at all times.  During maintenance, be 
sure that the reservoir openings are sealed at all times to prevent any contamination from falling 
in.  All bolts should be tightened monthly. 

 Some experts recommend an annual cleaning of the oil tank, by first transferring the oil to 
an auxiliary storage tank.  In this case the oil should be passed through filters and water removal 
media when it is returned to the clean tank. 

 However, if oil system cleanliness is maintained properly there is no reason to clean the 
reservoir on a regular basis.  You could actually introduce more contamination. 

 It is necessary to clean the reservoir after any major failure of pumps or cylinders. 

System Documentation 

 An accurate diagram of the press hydraulic system is essential for trouble-shooting, and 
should be studied so that the function of each valve in the system is understood.  A table of 
ISO/CETOP standard Hydraulic Symbols is shown beginning on page 5-33. 

 Equally important are manufacturer’s bulletins for valves and other components, which 
give nomenclature and parts numbers for ordering spares and/or replacement parts. 

 If the above information is not fully available and accessible to maintenance personnel, it 
is vital to obtain it immediately.  Equipment vendors and consultants can assist in gathering the 
necessary data. 

 

Hydraulic System Preventive Maintenance 

 General recommendations for preventive maintenance of extrusion press hydraulic 
systems are included on charts in Chapter A.  Your own experience may vary from these 
suggested PM frequencies, according to your equipment’s particular design and operation, or to 
local conditions.  You should adapt these schedules accordingly. 

 

Hydraulic System Troubleshooting 

See tables on following pages for general troubleshooting recommendations.
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Hydraulic System TroubleshootingHydraulic System TroubleshootingHydraulic System TroubleshootingHydraulic System Troubleshooting    

Adapted from Oilgear Bulletin 910000A with permission. 

Trouble Shooting Hints for Hydraulic Systems 

 

PROBLEMS PROBLEM CAUSE AND CORRECTIVE STEPS 

Noisy pump – air leaking 
into the system 

a) Be sure the oil reservoir is filled so that pump intakes are well 
below the surface with main ram extended. 

 b) Check pump packing, pipe, and tubing connections and all other 
points where air can be drawn into the system.  One way to check 
a suspected leak on the intake side is to pour oil over it, or pack 
grease around the suspected area.  If the pump noise stops, 
you’ve found your leak. 

 c) Keep the hydraulic system as clean as possible.  Avoid allowing 
lint to get into the system.  Avoid condensation as it may cause 
damage to pump parts, bearings, valve spools, valve solenoids, 
etc.  Rusty solenoids do not perform satisfactorily. They should be 
checked periodically for rust or moisture and cleaned up when 
required. 

Low pressure in system Relief valve setting too low.  Relief valve may have been reset.  If 
setting is too low, fluid may flow from pump through relief valve 
back to reservoir without going to output device.  To check relief 
valve setting, block discharge line beyond relief valve and check 
line pressure with gauge. 

Erratic action Valves, pistons, etc., sticking or binding.  First check the 
suspected part for mechanical deficiencies such as misalignment 
of shaft, worn bearings, etc., then look for signs of dirt, fluid 
sludge, varnishes and lacquers caused by fluid deterioration.  Look 
for out-of-range temperatures, air in the fluid, and low reservoir 
level. 

Relief valve stuck open Look for dirt or sludge in valve.  Clean if necessary.  Stuck valves 
may be an indication that the system contains dirty or deteriorated 
fluid. 

Leakage in system Check the whole system for escaping fluid.  Serious leaks in the 
open area are easy to find; however, leaks often occur in 
concealed piping.  Install a pressure gauge and relief valve in the 
discharge line near the pump and then progressively block the 
circuit downstream until the leak is located.  A high leakage path 
through a valve or component generates heat.  A hot spot in a 
circuit often indicates the point of leakage. 

Incorrect control valve 
setting – fluid short-circuited 
to reservoir 

If open center directional control valves are unintentionally set at 
neutral, fluid will be returned to the reservoir.  No pressure will be 
developed.  Also, scored control valve pistons and cylinders can 
cause this trouble. 

 

  



Hydraulic Equipment - Chapter 5 

 5-11

 Trouble Shooting Hints for Hydraulic Systems (Continued) 

PROBLEMS PROBLEM CAUSE AND CORRECTIVE STEPS 

Air bubbles in the intake 
fluid 

If fluid level is low, air bubbles will form in the reservoir.  Check the 
fluid level daily. 

Cavitation (Cavitation is the formation of a void in a pump when it does not 
get enough fluid.)  Check for loose suction pipes.  Check for a 
clogged or restricted intake line or plugged reservoir breather.  
Fluid viscosity may be too high to permit the pump to prime itself.  
This condition may result from too low ambient temperature or use 
of wrong viscosity fluid.  Recheck fluid recommendations. 

Loose or worn pump parts Look for worn gaskets and packing, replace if necessary.  Usually 
there is no way to compensate for wear in a part; it is always better 
to replace it. 

Stuck valves Parts may be stuck by metallic chips, bits of lint, carbonized fluid, 
etc.  If so, disassemble and clean thoroughly.  Avoid the use of 
files, emery cloths, steel hammers, etc., on machined surfaces.  
Products of fluid deterioration such as gums, sludge, etc., may 
also cause sticking.  Use solvent to clean parts and wipe dry 
before reassembly.  If parts are stuck by corrosion or rust, they will 
probably have to be replaced. 

Overheating a) Fluid viscosity too high.  Recheck fluid recommendations.  
Unusual temperature conditions may cause fluid of improper 
viscosity to thicken. 

 b) Cooler plugged. 

 c) Relief valve blowing. 

 d) Valve leaking. 

 e) Cooling water too warm. 

Internal leakage too high Check for wear and loose packings.  Fluid viscosity index may 
have changed. 

Excessive discharge Trouble may be caused by abnormal setting of relief valve.  If so, 
reset.  Also, check for sticking relief valve. 

Fluid cooler clogged If fluid temperatures run abnormally high, they will go even higher 
with clogged fluid passages.  If you find this condition, flush out the 
shell side of the cooler and “brush clean” the water tubes.  If this 
does not work, try solvent. 

Low fluid If the fluid supply is low, less fluid will be available to dissipate the 
heat.  This will cause a rise in fluid temperature.  Be sure that fluid 
is up to level.  Always fill the tank from clean fluid drums and pump 
the fluid through the circulating fluid filtration unit. 



Hydraulic Equipment - Chapter 5 

5-12  

General Trouble Shooting for Many Types of Pumps 

 

TROUBLE PROBABLE CAUSE and CHECK REMEDY 

Pump not delivering 
fluid 

a) Suction passage blocked. Clean. 

 b) Suction line loose or 
disconnected. 

Correct. 

 c) Fluid viscosity too heavy. Heat fluid or change to lighter 
viscosity.  See manufacturer’s 
recommendations. 

 d) Suction filter clogged. Clean and/or replace.  Suction 
filters should have a capacity 
(gpm)at least twice the pump 
output. (Oilgear does not 
recommend use of suction filters 
for their pumps.) 

 e) Pump rotation not correct.  (Most 
pumps are marked to show correct 
rotation.) 

Correct immediately; could 
cause severe damage. 

Pump not developing 
pressure 

a) Relief valve setting not high 
enough. 

Block fluid circuit and reset relief 
valve using a pressure gauge. 

 b) Relief valve stuck open:  

   1. Foreign matter under valve Disassemble and clean.  If valve 
spool or seat has been 
damaged, it may require honing 
or replacement.  Reassemble 
and adjust. 

   2. Broken valve spring. Replace.  Be sure to remove all 
broken particles. 

 c) Relief valve venting. Check all venting relief valves to 
be sure vent is being blocked.  
Remove piping at relief valve 
and insert plug to test relief 
valve. 

 d) Worn pump: test pump according 
to manufacturer’s recommendation. 

Replace pump. 

 e) Open valve in system. Locate and repair. 

Excessive or high 
peak pressures 

a) Binding relief valve plunger. Disassemble and clean out dirt 
and sludge.  Check spool for 
burrs; dress with a stone, lap or 
replace. 

 b) Relief valve spring screwed down 
solid. 

Readjust or replace spring with 
one of higher “K” value. 

 c) Control valve shifting so as to 
block fluid circuit. 

Readjust valve spool shifting 
rates. 
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General Trouble Shooting for Many Types of Pumps (Continued) 

TROUBLE PROBABLE CAUSE and CHECK REMEDY 

Pump noise Air in pump:  

 a) Air bubbles in intake fluid. Return lines must be well below 
fluid level and baffled from pump 
intake. 

 b) Pump cavitating due to low fluid 
level. 

Fill reservoir to proper level. 

 c) Suction filter clogged or too small. Clean or replace with larger unit. 

 d) Reservoir breather. Clean breather, check size and 
replace if too small. 

 e) Partially clogged intake line. Clean. 

 f) Suction pipe loose. Tighten, replace gasket or “O” 
ring as required. 

 g) Leaks in other piping subject to 
suction. 

Tighten, replace gasket or “O” 
ring as required. 

 Note: A connection that will not leak 
fluid under pressure may leak air 
under suction. 

Test by pouring fluid over 
connection while under suction 
and note change in pump’s noise 
or flow of fluid into connection. 

Excessive heating a) Operating above continuous duty 
rating of pump for extended periods. 

DANGEROUS.  Alter method of 
operation.  See pump 
manufacturer’s recommendation. 

 b) “Blowing” relief valve. Alter operations or increase relief 
valve setting if below pump 
rating. 

 c) High ambient temperature. Install or increase heat 
exchanger capacity. 

 d) Leakage past hydraulic cylinder 
piston rings. 

Replace rings – rehone cylinder 
if required. 

 e) Leakage past worn valves. Replace. 

 f) Low fluid level in reservoir. Fill reservoir to proper level. 
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Note: The following section on hydraulic system filtration and cavitation is based on a presentation by the 
late Jack Hayes of Oilgear at the AEC Press Maintenance Seminar, in Chicago, November 19 - 21, 1991, 
and is used here with permission.  Some parts of this paper have been updated according to new standards; 
refer to Oilgear Bulletin 90007-D. 

Proper System Maintenance to Avoid 
Contamination and Cavitation 

by Jack Hayes, Oilgear Company 

Contamination 

 All systems are contaminated.  They start out contaminated due to the various manufacturing 
processes, such as machining, welding, and cutting.  They continue to ingest more contaminants during 
operation, from component wear, reservoir breathers, cylinder rod packings, and new "clean" oil. 

 The level of contamination increases exponentially if left unchecked, and eventually leads to total 
components failure.  As operator of an extrusion press, you have two choices: 

1. Accept contamination as a way of life.  In this case you must accept: 

• unscheduled downtime 

• increased repair costs 

• greater hydraulic fluid costs 

• costs for lost production. 

2. Install a properly designed filtration system, 
which: 

• addresses wear problems associated with 
both rolling and sliding surfaces. 

• is capable of cleaning a previously 
contaminated system. 

• is sized to handle the ingestion rate of new 
contaminants. 

• is easily maintained. 

Five Filtration Myths 

 There are 5 common myths about hydraulic 
system filtration, which may cause profound and costly 
mistakes: 

 

Myth #1: Particles less than 10 microns in 
size are harmless.  A good understanding of how 
wear takes place in a hydraulic component debunks 
this commonly held belief.  Both sliding and rolling 
surfaces are affected. 

 Typical clearances between bearing surfaces 
are subject to load and viscosity of lubricants. This can 
be as little as 5 micrometers or 0.00002 inches. 

 Particles that are most damaging are the 
ones equal to or slightly larger than the clearances. 

 Because they are continuously being work 
hardened, many of these particles are extremely hard, 
usually much harder than the parent surfaces. 

 They become imbedded in the “soft” surfaces 
and cut away material from the opposing surface. 

Figure 5-8: Wear Mechanisms of Anti-Friction 
Bearings 

 

 
Figure 5-9: Wear Mechanism of a Sliding Surface 
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Typical Critical Clearances of Fluid Power Components 

Component Typical Clearance 

 Microns Inches 

Gear Pumps   

        Gear to Side Plate 0.5 - 5 0.00002 - 0.0002 

        Gear Tip to Case 0.5 - 5 0.00002 - 0.0002 

Vane Pumps   

        Tip of Vane 0.5 - 1.0* 0.00002 - 0.0002 

        Sides of Vane 5.0 - 13 0.0002 - 0.0005 

Piston Pump   

        Piston to Bore 5 - 40 0.0002 - 0.0016 

        Valve Plate to  Cylinder 0.5 - 5 0.00002 - 0.0002 

Servo Valve   

        Orifice 130 - 450 0.005 - 0.400 

        Flapper Wall 18 - 63 0.0007 - 0.0025 

        Spool - Sleeve 1 4 0.00004 - 0.00016 

Control Valve   

        Spool - Body 1 - 23 0.00004 - 0.0009 

        Poppet 13 - 40 0.0005 - 0.0015 

  *Estimate for thin lubricant film 

Myth #2:  The manufacturer’s micron rating for a filter is a good indication of filter 
performance.  Actually, the manufacturer’s rating means nothing and can be deceptive.  It is not unusual 
to find a 3 micron filter manufactured by company "A" to be less efficient than a 10 micron filter from 
company “B". 

 The only way to compare filters is by Beta ratings. 

 The filter industry has recognized that the manufacturer's nominal ratings not only fail to indicate 
the size of dirt that can be removed, but are also invalid for comparison purposes.  Therefore, many of these 
manufacturers developed an ANSI standard (B93.31-1973) for determining how well a filter removes 
contaminants3. 

 The test involves passing fluid of a known contamination level through an element and measuring 
the number of contaminants of-a given size upstream and downstream.  The efficiency of the elements is 
expressed as the ratio of the number of upstream particles versus downstream particles.  This ratio is 
referred to as the Beta ratio. It can be applied to any size contaminants; typically Beta 3 and Beta 10 
referring to 3 micrometers and 10 micrometers respectively. 

ββββx  =  Nx upstream / Nx downstream 

Example:   Nx upstream   =  350 

  Nx downstream  =  10 

  Beta   =  350 / 10  =  35 

Beta Ratio as related to Efficiency in % 

Beta Efficiency 

1.0 0 

2.0 50 

4.0 75 

8.0 87.5 

16.0 93.75 

32.0 96.87 

64.0 98.44 

75.0 98.67 

βx  =  75 is considered "absolute” by some manufacturers. 

                                                           
3 For more information on the rating of filters refer to Oilgear Bulletin 90007-D, page 5-41. 
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 All filters, regardless of the manufacturer’s rating, will have a Beta rating for a number of different 
size contaminants.  For instance, a nominal 3 micron filter might have a Beta3 of 4 and a Beta10 of 16.  In 
reality this "3 micron" filter is nothing more than a good 10 micron filter removing approximately 94% of all 10 
micron particles. 

 Finally, it is important to note that the 
efficiency is adversely affected by pulsating flow.  
The dynamic flow Beta will typically be lower than 
for steady flow, i.e., the filter will be less effective 
if the flow rate is varying. 

Myth #3:  Clean oil remains relatively 
clean until a catastrophic failure occurs.  
From the discussion on wear, it is plain to see that 
contaminants are continually being generated 
within an operating system.  Further, the rate is 
exponential since a single contaminant can 
generate thousands. 

 Figure 5-11 below illustrates clearly how 
the rate of contamination is affected by filtration. 

 In this demonstration a nominal 25 
micron filter was replaced with a β3 (Beta 3) rated filter.  As indicated by the graph, the contamination was 
dramatically reduced over 300 hours.  Then to confirm the results, a new 25 micron nominal filter was 
reinstalled, and the result was a return to the previous contamination level very quickly. 

 

  

 
 
 

Figure 5-10: Dynamic Flow Beta vs. Steady Flow 
Beta for Cyclic Flow 
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Figure 5-11: Particle Ingestion Rate 

A 25 micron “nominal” filter is replaced with 
a β3 = 75. 
 
After 20 minutes the particle count of 5 
micron particles per milliliter has dropped 
from 20,000 to approximately 200. 
 

During the next 300 hours the particles per 
ml dropped to less than 25! 
 

Then the 3 micron absolute filter is replaced 
with a 25 micron nominal filter.  Within 100 
hours the particle count increases back to 
more than 8000. 
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Myth #4:  New oil is clean oil.  Filtration is always recommended when adding fluid to reservoirs.  To 
demonstrate, forty-three samples representing nine different oil companies and sixteen different supply 
sources were included in a "New Fluid" survey.  The table below shows some typical results.  Keep in mind 
that the upper contamination limit for a useable fluid is approximately 800 particles per milliliter. 

 

New Fluid Average Particle Count per Milliliter 
Greater than 10 Micrometers 

Sample Container Size (Gal) 10 µµµµM 

1 1 265 

2 55 20 

3 1 193 

4 55 4097 

5 1 530 

6 55 342 

7 1 20,839 

8 5 22,028 

9 5 7,003 

10 55 3,269 

11 5 76 

12 55 63 

13 0.25 238 

14 1 92 

15 5 18 

16 1 45 

17 55 313 

18 1 315 

19 5 45 

20 2 60 

21 55 155 
 

 It should also be noted that when adding fluid, the most efficient filters should be used (minimum 
Beta = 20).  Since the fluid only passes through the filter element once when adding fluid, the filter must be 
capable of removing most contaminants.  Otherwise, if the new fluid is extremely contaminated, many 
particles would be ingested into the system. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5-12:  Summary of bearing life vs. particle size, experience from studies 

cited in References – Bearing Life (page 5-19). 
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Myth #5:  Finer filters must be changed more frequently.  Since a coarser filter allows more 
contaminants to circulate, the rate of contamination is greater.  Contaminants create new contaminants so 
the filter has to trap dirt that otherwise would not have been generated. 

 Field tests have proven that after a system has reached a high level of cleanliness, the need for 
element replacement drops dramatically. 

Old Filtration Axiom 

"It is economically implausible to filter an entire 2000-2500 gallon reservoir using 3 micron absolute filters 
(Beta3 = 0.75).  The filter elements would need to be constantly replaced, driving up the preventative 
maintenance costs.  Ten micron nominal filtration for the bulk of the oil is more than adequate, followed by 3 
micron filters to protect the 
critical devices, i.e., servo 
valves." 

 With the old circuit 
arrangement, the finer 3 
micron filter would 
continually fill with 
contaminants and by-pass, 
while the 10 micron filter 
would have to be changed 
less frequently.  This is 
partially the reason for the 
erroneous impression that 
finer filters have to be 
changed more often. 

 As the press ages, the rate of ingestion increases due to wear and soon the filtration becomes 
completely inadequate.  A catastrophic failure will eventually occur. 

New Filtration Axiom 

Three micron absolute filters (Beta3 = 75) should be used to filter the entire system to an extremely clean 
level.  Twenty-five (25) micron "boulder catchers" are placed in front of the critical devices, i.e. servo valves. 

 With this new 
filtration arrangement the 
entire system is maintained 

at an extremely low level 
of contamination.  Since 
only a few contaminants 
are available to generate 
more, the ingestion of new 
contaminants is limited to 
the external environment, 
i.e., breathers and rod 
packings.  The filter system 
can easily keep pace with 
this rate.  The elements 
last longer and 
replacement costs drop. 

 The 25 micron "boulder catcher” is only necessary to catch large particles that are either generated 
by the pilot pump or that manage to avoid the main filters. 

 

  

 
Figure 5-13: Old filtration arrangement 

 

 
 

Figure 5-14: New filtration arrangement 
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Replace the 5 Myths of Yesterday with the 5 Rules of Today: 

 

     Rule #1:  Oil cannot be too clean. 

     Rule #2:  Use Beta ratios when evaluating filters. 

     Rule #3:  Filtration must be continuous. 

     Rule #4:  Filter oil when adding to or filling a system. 

     Rule #5:  The finer the filter the lower the costs. 

 

Ingredients for Effective Filtration. 

 Field experiences have proven that the most effective filter systems are recirculating systems -- 
"kidney loops" -- that run continuously.  When sized and maintained properly, this arrangement has been 
shown to dramatically reduce maintenance costs associated with hydraulic failures. 

Three key ingredients for design are: 

• Efficient filters:  ββββ3 = 75 

• Large capacity filters:  ∆∆∆∆P for a clean element is less than 25% of the by-
pass setting. 

• High Flow (Q) Rates:  Q (gpm) ≥≥≥≥  10%  of the Volume of the Reservoir 

 

Measuring Fluid Cleanliness 

 The standards and methods for measuring hydraulic fluid cleanliness have changed greatly in 
recent years.  Refer to Oilgear Bulletin 90007-D beginning on page 5-41 for more information. 
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Cavitation 

 Many of the pumps that are returned to the factory for repair show signs of cavitation.  The 
evidence ranges from slightly eroded surfaces to deep irregular cavities.  If left uncorrected, cavitation can 
lead to the early destruction of a pump. 

 Cavitation occurs when either a void or an air bubble in the fluid is suddenly exposed to high 
pressure.  The pressure causes the void or bubble to collapse at extremely high velocities.  When the 
collapsing void or bubble disappears, the high velocity oil literally runs into itself causing spot pressures that 
can reach 200,000 psi.  Sudden pressures of this magnitude cause noise and eat away at the metal 
surfaces. 

 The solution is to eliminate voids and air bubbles in the oil.  Voids occur when high vacuum is 
present in the suction line.  This vacuum causes the entrained air (air that is normally in solution at 
atmospheric pressure) to come out of solution thus creating a void.  Avoid restrictions in the suction lines 
including strainers, elbows, and pipe reductions. 

 If the cause was air, the bubble will “diesel” causing oxidation and nitration.  This burned fluid will 
cause the components to become coated with a varnish like material resulting in sticking valves, etc. 

 Air bubbles can be eliminated by: 

• Repairing loose suction pipes. 

• Ensuring that all return lines terminate below oil level. 

• For presses using two-way pump circuits: 

 repair all leaks in high pressure piping. 

 maintain packings and rod seals on the side cylinders. 

• Maintain oil level in reservoir. 

• Install protective plates over the tank prefill connections. 

• Maintain oil temperatures above 120oF. 

 Besides contamination, cavitation is the most frequently occurring condition leading to catastrophic 
destruction of pumping equipment.  Furthermore, this cavitation is almost always attributable to air ingestion, 
especially in older systems.  The importance of the elimination of air cannot be overemphasized. 

References: 

"Filter Recommendations for Oilgear Equipment," Bulletin 90007-D, The Oilgear Company, Reissued: June 
1991. 

The Pall Hydraulic Filter Guide," Bulletin PIHC-1E, Pall Corporation, August 1985. 

"The Pall Lubrication Filter Guide," Bulletin PIHC-lE, Pall Industrial Hydraulics Corporation, March 1983. 

"Achieving and Assessing Hydraulic System Fluid Cleanliness," David Carson, Marketing Manager, Pall 
Industrial Hydraulics Corporation, May 1985. 

"Filtration Products From Schroeder" 4th Edition, Schroeder Brothers Corporation, L1896C, February 1990. 

References – Bearing Life: 

1. Lowenthal, S.E., Moyer, D.W., Needelman, W., “Effects of Ultraclean and Centrifugal Filtration on 
Rolling Element Bearing Life,” Transactions of ASLE, Journal of Lubrication Technology, Vol. 35, 1981. 

2. Macpherson, P.B., Bhachu, R., Sayles, R., “The Influence of Filtration on Rolling Element Bearing Life,” 
presented at Mechanical Failures Prevention Group meeting, Bethesda MD, April 1981. 

3. Dalal, H., Senholzi, P., “Characteristics of Wear Particles Generated During Failure Progression of 
Rolling Bearings,” Trans. ASLE, Vol. 30 (#), p. 233, 1976. 

4. Fluid Contamination Classifications, NAS 1638. 

 

by Jack Hayes 

Oilgear Company  
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Farrel 
 

 

 

Extrusion Press 

Operation and Maintenance Training Course 
 

 

 

The following information is taken from a Farrel training course manual, circa 1968.  The 
training course was offered to new owners of Farrel extrusion presses.  This information 

is both interesting and useful, for users of older as well as modern presses. 
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Hydraulic MaintenanceHydraulic MaintenanceHydraulic MaintenanceHydraulic Maintenance    
 

A.  Hydraulic Oil 

Foreign matter such as dust, water, lint, and other components can seriously impair the action of a 
hydraulic system. 

Precautions to be Taken When Handling Oil: 

1. Store oil drums so that no water or dirt collects on the drum. 

2. Before opening the drum, wipe off any loose dirt so that it will not enter the drum or the hydraulic 
system when filling or adding oil. 

3. Before adding oil to the hydraulic system, clean off the filling plug with clean, lint-free rags. 

4. If all the oil from the drum is not used, reseal the drum and mark it “Clean Unused 0il”. 

5. Replace the filling plug on the hydraulic reservoir immediately after filling. 

Lack of oil may produce irregular operation of the system.  Maintain the proper oil level in the 
hydraulic reservoir.  If the pump intake becomes partially uncovered, air will be drawn into the system.  To 
check the oil level, place the press ram in the full return position.  Do not overfill the tank.  If too much oil is 
added, it will leak out the breather or filler opening. 

Use a first quality hydraulic oil of the correct viscosity as recommended by the press manufacturer.  
The hydraulic oil must do two things: it must transmit power efficiently, and it must lubricate adequately. 

Have the oil checked every 6 months for contamination.  With the press in operation, drain about a 
quart of oil into a clean container and send the sample to a chemical laboratory or your oil supplier to be 
analyzed. 

Pull magnets once a week.  Any accumulation of metal indicates trouble.  Locate the source of the 
metal before running (for example, pumps or side cylinders).  Some metal fuzz will usually be present. 

No hard and fast rules can be laid down for making oil changes because of the great variety of 
service conditions.  If oil filtration is good, and other factors favorable, the oil may be kept for several years. 

Many plants have portable oil filters that are temporarily hooked up to each press.  The length or 
time the portable filter is operated on each press is dependent on filtering capacity and the capacity of the oil 
in the tank. 

Be sure the system is clean each time you change oil.  Remove as much old oil as possible; bleed 
the old oil out of the lowest point in the system.  Try to drain the oil when it is warm.  Finally, remove any 
sludge, dirt or contaminants from the tank by cleaning with clean, lint free rags. 

If your press has integral oil filters, check them periodically.  If your oil filter has a pressure gauge, 
change the filter element when the indicator reaches the change mark.  Replace the element if it shows 
signs of foreign material on the surface.  When the element is replaced, drain and clean the filter body. 

Repair oil leaks as soon as possible.  Oil costs money, so why let it leak out on the floor?  Oil leaks 
can also be a safety hazard, if anyone should slip on it.  The most likely spots for oil leakage are at pipe 
joints, tube joints, hose connections, and shaft seals on hydraulic pumps and motors.  Tightening every nut 
in sight may not be the way to stop leakage.  Look for worn gaskets and packing.  Replace if necessary. 

 

B.  Hydraulic Pumps 

Oilgear Pumps: When receiving new or rebuilt Oilgear pumps, check the following: 

1. IMPORTANT: Drain port #1 must be open to discharge above the oil level.  (No tube or pipe is required.) 

2. When pump is shipped without tubes in place, remove all pipe tap protectors (not pipe plugs) from the 
bottom case. 

3. Port numbers are stamped on the bottom case.  Install pipe as recommended in Oilgear Bulletin.  Make 
sure pipes are tightened properly with correct thread engagement to assure no air will enter the circuit. 

Cold Starting Oilgear Pumps 

Equipment can occasionally be started at temperatures below the low temperature limit shown in 
the table providing: 
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1. The temperature is not more than 25o F below the low limit. 

2. The temperature is at least 5o F above the pour point of the oil. 

3. The operator can be relied on to start the unit in accordance with the following cold starting 
procedure: 

Drive the input shaft of the unit for about 5 seconds and let it rest for 20 seconds.  Repeat about 10 
times.  Then drive the input shaft about 20 seconds and let it rest 20 seconds.  Repeat about 5 
times.  Let the pump run until the oil temperature reaches 80oF, before starting the auxiliary pump.  
Run the unit continuously and operate the press at light loads to warm up the oil in the entire 
system. 

Oil operating temperatures should be maintained at 120oF.  Maintaining and not exceeding an 
operating temperature of 120oF will extend the life of the oil. 

Other Hydraulic Pumps 

Procedure for starting new and repaired Vane Pumps: 

Do not start a cold pump with hot oil, also, do not start a hot pump with cold oil.  In both cases the 
pump could seize.  Hydraulic pumps are manufactured with very close tolerances and rapid temperature 
variations can cause them to seize.  Always start a new or rebuilt vane pump under pressure on the first run 
so that back pressure is present to assure adequate internal lubrication.  The pump should be started by 
jogging the drive motor.  This allows the pump to develop its prime while speed is being built up.  Allow the 
pump to run for a half hour, checking constantly to see that it does not heat up.  Once the vane pump is 
broken in, it may be started under no-load conditions. 

When installing new pumps and motors check the direction of rotation before running.  Check the 
alignment of the coupling between the pump and the motor.  Make sure the pump is protected by a relief 
valve on the pressure side.  The relief valve should never be set over the maximum pressure rating of the 
pump. 

 

C.  Hydraulic Piping, Tubing and Flexible Hose 

The three primary considerations in the selection of lines and fittings which will best serve the 
circuit conditions are:   material, inside diameter, and wall thickness. 

Pipe and Tubing Classifications: 

Piping and pipe fittings are classified according to wall thickness and nominal size.  Wall 
thicknesses are: standard, extra heavy, and double-extra heavy.  Recently a trend has developed toward the 
use of schedule numbers, instead of wall thickness to classify pipes and pipe fittings. 

Tubing differs from pipe in its size classification.  Tubing is designated by its actual outside 
diameter and wall thickness. 

When you purchase tubing, specify SAE, 1010 dead soft, cold drawn, seamless steel hydraulic 
tubing (or equivalent).  Always use tubing with wall thickness recommended by the press manufacturer or 
within the limitation set forth by the tubing supplier. 

When you purchase piping, specify, ASTM A106-55T, grade B, cold drawn, soft annealed 
seamless and pickled clean hydraulic pipe.  Always use piping with a wall thickness recommended by the 
press manufacturer or within the limitation set forth by the piping supplier. 

IMPORTANT: support tubing and pipe wherever necessary to prevent vibration.  Pipe and tube failures are 
generally caused by shock and vibration.  The constant vibration fatigues the pipe or tube, causing it to fail. 

Before installing piping or tubing, make sure it has been thoroughly cleaned of saw and file chips, 
scale or other foreign matter which will cause damage to the equipment. 

Pipe and pipe fittings on hydraulic machinery are usually of the threaded type.  When cutting 
threads, the use of dull pipe cutting dies should be avoided, since their tendency is to drag rather than cut 
metal; torn or poor threads often result in a leaky connection. 

When applying thread sealant, such as teflon tape, start two threads up to prevent the sealant from 
entering the system.  This does not hold true for Loctite hydraulic type sealant.  Loctite is compatible with 
hydraulic oil. 
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Figure 5-15: Right and wrong ways to install hydraulic tubing and fittings 
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Lines should normally be kept as short and free of excessive bends as possible.  However, tubing 
generally should not be assembled in a straight line, because a bend tends to eliminate strain by absorbing 
vibration and will compensate for thermal expansion and contraction.  Bends are preferred to elbows or 
sharp turns, because bends cause less power loss.  An ideal bend radius is 3 times the pipe or tube inside 
diameter. 

When using flexible hoses, follow the supplier’s recommendation on working pressures, bending 
radii and method of installation.  Do not twist or place the hose in axial torsion.  Bend in one place only.  A 
good working rule is that the bend radius should be 9 or more times the OD (outside diameter).  Provide 
sufficient slack to compensate for changes in length under working conditions.  Avoid flexing or straining.  
Avoid sharp and excessive bends.  Avoid rubbing against the press components; the abrasive action will 
wear through the hose wall, and it may eventually burst. 

 

D.  Relief Valves 

A relief valve is sometimes prevented from operating properly by dirt or foreign matter beneath the 
pressure control cone and its seat.  This results in a fluctuating pressure or a complete drop in pressure.  
Usually relief valve troubles can be remedied by loosening the jam nut and backing off the adjusting screw.  
This relieves the pressure control spring and often will allow the circulating oil to clean away the dirt.  If this 
fails, disassemble and clean the valve.  Check the orifice hole in the valve piston, check piston springs, 
make certain the piston moves freely in the body and has no tendency to stick.  Inspect the pressure control 
cone and seat.  Inspect the valve piston and seat. 

Relief valves can be controlled remotely by tubing a remote control valve to the vent port on the 
main relief valve.  If you are unable to control the pressure with the remote control valve, disconnect the 
tubing at the vent connection and install a pipe plug.  If you are able to control the pressure with the plug in 
the main relief valve, the problem is in the remote control valve. 

 

E.  Four-Way Valves 

Pipe line shock is not usually caused by valves shifting at peak pressure.  When any shock or 
vibration is noted, the press should be immediately checked to determine the cause.  It will generally be 
found that adjustment of the chokes on the valve will rectify this condition. 

Some of the things that cause trouble on 4-way valves are: 

• mechanical linkage sticking 

• solenoids malfunctioning 

• binding spools due to insufficient clearance between spool and valve body 

• scored spools 

• oil impurities coating the spool 

• unbalanced condition caused by excessive spool and body wear 

• improper installation 

• broken springs 

• lack of pilot pressure. 

When a solenoid operated valve is energized, a binding spool will prevent the solenoid from being 
drawn in against its stop.  When the plunger does not seat properly the solenoid will hum or buzz.  Also, 
failure of the plunger to rest against its stop will cause a high current in the solenoid coil, which in turn 
results in overheating of the solenoid coil.  If the binding spool is not corrected, the overheating of the 
solenoid coil continues and will eventually cause the coil to burn out. 

 

Hydraulic Cylinders 

Because of their simple construction, little can go wrong other than worn packing, misalignment, 
and loose joints. 

External Leakage: If leakage is discovered around the end caps, tighten the cap.  If this fails to stop the 
leak, replace the gasket.  If the unit leaks around the piston rod, tighten or replace the packing as necessary.  
Do not tighten the packing gland too tight as this might cause excessive wear, chatter, and friction load. 

Internal leakage: Leakage can take place around the piston, resulting in lost efficiency or sluggish 
movement.  This may be due to either worn piston packing, worn piston rings, or scored cylinder walls.  The 
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latter is usually caused by abrasive material in the oil. 

Misalignment: Piston rods must be in line at all times.  Any undue strain because of misalignment will result 
in excessive wear of the piston or piston rod packing. 

Lubrication: Lack of ram lubrication often causes packing to seize, resulting in erratic ram movement. 

Burrs: Rams are made of hard and soft ground shafting and can easily be marred by striking with metallic 
objects.  Since burrs will quickly damage packing, they should be removed immediately. 

    

TroubleTroubleTroubleTrouble----Shooting Hydraulic Shooting Hydraulic Shooting Hydraulic Shooting Hydraulic ProblemsProblemsProblemsProblems 
In a well-designed, closed hydraulic circuit such as you now have on your Farrel-Watson-Stillman 

press, hydraulic trouble is minimized if the correct set-up and start-up procedures are followed and periodic 
maintenance checks are made.  These maintenance checks have been listed in the preceding sections of 
this manual.  However, by training the operating and maintenance personnel to IMMEDIATELY REPORT 
any of the following deviations from normal and BY IMMEDIATELY TAKING REMEDIAL ACTION, most 
major breakdowns can be eliminated. 

Trouble Signs: 

A. Noise in the system 

B. Over-heating oil 

C. Loss of speed 

D. Loss of pressure 

E. Oil leakage 

A.  Noise in the System 

Noise in a hydraulic system can normally be noticed immediately.  The noises your operating 
personnel should watch for and report are as follows: 

1. Noisy pumps 

2. Pipe line shock and/or vibration 

3. Valve slam 

4. Ram chatter 

The above noises can occur separately or in unison.  When they occur separately, it is relatively 
easy to segregate the offending unit and determine the action necessary to remove the cause.  When two or 
more occur at the same time, the offending unit is harder to trace. 

1. Noisy Pumps.  A noisy pump is usually the result of one of the following: 

a. Cavitation (lack of sufficient suction volume) 

b. Aerated Oil (suction of air) 

c. Mechanical failure (bearings, bushings, pistons, etc.) 

The difference in the noise between a mechanical failure and cavitation or air entrainment is very 
pronounced, therefore easily distinguishable. 

a. Cavitation is caused by a reduction of the volume of oil being drawn into the pump to a volume less 
than the output of the pump.  This creates a vacuum condition in the pump and without sufficient oil 
to keep all the piston chambers filled, a hammering effect on the pistons is created.  This condition 
is usua1ly caused by closure of the suction line by foreign material or, in the case of an Oilgear "D" 
style pump, by malfunction of the suction valve. 

b. Aerated Oil is usually due to leakage on the suction side of the pump, permitting air to enter the oil 
lines, or by low oil volume in the tank, allowing the oil to vortex around the suction line, which in 
turn allows air to be drawn into the pump.  The third cause of aerated oil is due to a discharge line 
discharging above the oil surface or air leakage through packing into main cylinder and then 
through the prefill valve into the tank. 

c. Mechanical Noise can usually be attributed to one of the following causes: 

1. Natural failure of a mechanical part.  This seldom happens as all the units are designed, 
machined and assembled under very rigid procedures as to material, workmanship and 
cleanliness. 
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2. Contaminated oil.  This is usually the result of poor housekeeping and a poorly organized 
preventive maintenance system. 

3. The other causes of this type of failure are usually traceable to failure of the personnel to 
report changes from the normal before they become major and cause pump failure.  Some of 
these changes are as follows: 

a) Overheating of the oil which can directly affect bearing wear and life. 

b) Loose tie down bolts on the pump or motor allowing the coupling to misalign. 

c) Excessive shock due to pressure peaking and too-rapid decompression. 

 

When any of the above or similar conditions are noticed, the press should be checked out 
immediately to remove the cause by adjustment, cleaning or replacing of the part found to be the primary 
cause. 

Troubleshooting Tips - Noisy Pumps 

Cause: Air leaking into the system. 

What to do: Be sure oil reservoir Is filled to normal level and that oil intake is below surface of oil.  Check 
pump intake side by pouring oil or applying grease over the connections.  If the pump noise stops, you have 
found the leak. 

Cause: Cavitation (the formation of a vacuum in a pump when it does not get enough oil.) 

What to do: Check for clogged or restricted intake line.  Oil viscosity may be too high.  The intake line may 
be too long. 

Cause: Stuck pump vanes, valves, pistons, etc. 

What to do: Parts may be stuck by metallic chips, bits of lint, etc.  If so, disassemble and clean thoroughly.  
Avoid the use of files, emery cloth, steel hammers, etc on press surfaces.  Products of oil deterioration such 
as gum, sludge, varnish, and lacquer may be the cause of sticking.  Use solvent to clean parts and dry them 
thoroughly before re-assembling.  If parts are stuck by corrosion or rust, they will have to be replaced.  Be 
sure the oil you are using has sufficient resistance to deterioration and provides adequate protection against 
rusting and corrosion. 

2. Pipe Line Shock and/or Vibration.  Pipe line shock and vibration are usually caused by pressure 
peaking, decompression, and air in the system.  When any shock or vibration is noted, the press should 
immediately be checked to determine the cause.  It will usually be found that cleaning and adjusting the 
cushions on the directional valves, cleaning and adjusting of relief valves and inspection for and correction 
of any leaks allowing air to enter the system will eliminate this condition. 

This pipe line shock and/or vibration quite often accompanies a noisy pump, especially if the pump 
noise is due to cavitation or aerated oil.  By correcting the condition found in the pump, the shock and 
vibration will be eliminated. 

3. Valve Slam.  This condition is more difficult to notice as it is often necessary to be close to the valve to 
hear it.  When it is discovered, adjustment of the valve chokes can usually clear up this condition. 

4. Ram Chatter.  Ram chatter is invariably accompanied by a noisy pump and line vibration.  However, due 
to the noise level, in some plants, ram chatter may be the first symptom to show.  When any of the cylinders 
move with a chatter either in advance or return, an immediate close check should be made to determine the 
cause.  Usually the cause will be found to be one of the causes outlined above for noisy pump and line 
shock or vibration. 

B.  Overheating Oil 

Overheating of the oil in a hydraulic press can severely shorten the life of all component parts and 
be a constant source of malfunction and maintenance downtime.  The major causes of overheated oil are 
often the direct fault of the operating personnel.  They are: 

• lack of water flow through the cooler 

• improper operation of the press 

• just plain over working of the press. 

Any time an extrusion operation demands peak pressure from the pumps over a major portion of 
the billet length, steps  should be taken to change the procedure as to billet heat, billet length or diameter, or 
number of die apertures.  A common fault of many operators is to leave the control handle on either high or 
full volume during the pressure peaking.  This causes a high percentage of the oil to be  discharged over the 
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relief valve and thereby causes high heating of the oil.  Judicious operation of the press will substantially 
reduce the heating of the oil -- reduce the volume of the oil to a point corresponding to the flow of metal 
through the die during.  As the pressure drops, the operator can increase the pump volume until the 
extrusion speed meets the required velocity. 

Good operation of a press, with long life and low maintenance, can be obtained if the operating 
personnel will program all extrusions as to billet heat and billet length.  This will allow all breakthroughs to be 
made at not more than 2900 psi oil pressure and insure against overheating of the oil.  Under no 
circumstances should a press be held at peak pressure with relief valves blowing for more than thirty 
seconds at the most.  It is much better to kill the cycle, reject the billet and start over than to overheat the 
pump and oil, thereby shortening the expected life of the pumps and valves.  If the billet starts to flow during 
the thirty second period, the volume of oil should be reduced to a point just sufficient to maintain billet flow.  
Then as the pressure needed for extrusion decreases, the volume can be increased to a point giving normal 
extrusion speed specified for the section being extruded. 

Other causes of overheating of the oil are internal pump leakage, internal cylinder leakage and 
valve malfunction causing orificing of the valve.  Periodic checks of the pump and cylinder leakage should 
be made.  Normally 10 to 12% slippage is acceptable in the overall system.  However, if there is 10 to 12% 
slippage at any one point, it should be rectified.  The "D" pump slippage can be checked by blocking the 
ports, reducing the pressure setting on the relief valves and proceeding as follows: 

With the pressure port blocked and the relief valves set at a minimum, start the motor.  On the 
“D” style pumps the pressure valve should now be screwed in with the pump in neutral.   

Then the pump should be stroked slowly off center to determine the amount of stroke needed 
to give 3000 psi against the blocked port.  
The percentage of stroke needed to give 
3000 PSI will show the percentage of 
slippage in the pump.  On the stroke “tell-
tale” or indicator which is built into each 
pump, there are three lines.  The farthest 
out is marked F, the center is marked 0 
and the farthest in is marked F.  Between 
the F and 0 marks the distance is .530”.  
A permissible distance of approximately 
.050” is normal for 3000 PSI.  This 
corresponds to 10% slippage.  It is 
suggested that when this distance 
becomes greater than .050” to .100”, 
steps be taken to replace or recondition 
the pump.  Loss of efficiency of the pump, 
plus the speeding up of the deterioration 
of the pump from this point on, can 
seriously effect the production from the 
press. 

The other pumps on your press 
do not have a built-in indicator.  The best 
means of checking these pumps is by 
segregating them from the system and by means of a valve in the line down stream from the relief valve 
directly measuring the oil flow at 3000 PSI. 

To check leakage past piston rings on the cylinders, the press should be put into manual, and the 
cylinders to be checked stroked fully to the return or in position.  By manually holding pressure against the 
cylinders while opening the air bleed or choke on the end heads of the cylinder, the leakage of oil past the 
piston rings can be checked.  This check is made by catching the oil from the air vent of cushion in a 
measuring pail and timing the interval for one gallon of flow at 3000 PSI.  A leakage of two to three gallons 
per minute is acceptable; up to five gallons per minute is permissible. 

Internal valve leakage is harder to determine.  The quickest way to check for this is to check 
comparative temperatures of the pressure and return line in the case of directional valves and of the 
pressure and dump line in the case of relief valves.  If the return or dump line shows an increase of 
temperature over the pressure line, you can assume that the valve is leaking.  The only time this check will 
not be accurate is when the press has been operating at peak pressure and the relief valves have been 
blowing.  In this case higher heat in the dump line would be a normal reaction.  Of course, this would never 
be the case if the press is being operated correctly as to pressure and volume as outlined in the section 
devoted to overheating of the oil.  

 
 

Figure 5-16: Checking Oilgear “D” pumps for slippage. 
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Troubleshooting Tips - Overheating Pumps 

Cause: Oil viscosity too low or too high. 

What to do: Check oil recommendations.  If you are not sure of the viscosity of oil in the system, it may be 
worth your while to drain the system and install oil of the proper viscosity. 

Cause: Internal leakage too high. 

What to do: Check for wear and loose packing.  Oil viscosity may be too low. 

Cause: Excessive discharge pressure. 

What to do: If oil viscosity is found to be okay, trouble may be caused by a relief valve set too high or 
sticking closed. 

Cause: Poorly fitted pump parts. 

What to do: Poorly fitted parts may cause undue friction.  Look for signs of excessive wear, be sure all parts 
are in alignment. 

Cause: Oil cooler clogged. 

What to do: Disassemble oil cooler, remove foreign material around cooler coil bundle. 

 

C.  Loss of Speed 

Normally one of the foregoing causes of noise and/or overheating will be noticed before any 
reduction in speed becomes apparent. 

Other than the above, the main causes of speed loss are usually attributable to malfunction or non-
function of a valve either dumping a pump back to tank or restricting oil flow so that the volume its reduced 
below that required for the specified speed.  This usually is a failure of an electrical component, either a 
solenoid coil or one of the electrical units commanding the solenoid, such as a relay, limit switch, or timer. 

 

D.  Loss of Pressure 

Loss of pressure can and usually does follow as a result of any of the foregoing causes of noisy 
pump, oil overheating, or loss of speed. 

Loss of pressure can also be caused by pump slippage, check valves not seating, relief valves 
venting to tank, or malfunction of a control or directional valve. 

 

Troubleshooting Tips - Pump not Pumping 

Cause: Pump shaft turning in wrong direction. 

What to do: Run pump in direction as indicated by arrow on housing. 

Cause: Pump shaft not turning. 

What to do: Check coupling engagement.  Check for broken shaft. 

Cause: Intake clogged. 

What to do: Check intake line from reservoir to pump.  Be sure filters and strainers are not clogged. 

 

E.  Oil Leakage 

All oil leakage except those covered previously will be visible upon inspection of the press during 
maintenance checks.  The caution here is to make sure that leaks are fixed immediately upon discovery and 
not allowed to increase and become major maintenance problems. 
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GLOSSARY of HYDRAULICS TERMS 
ACCUMULATOR - a chamber in which a liquid can be stored under pressure and from which it can he 
withdrawn upon demand. 

ACTUATOR – a device for converting hydraulic energy into mechanical energy; typically a motor or cylinder. 

AERATION - air in the hydraulic fluid.  Excessive aeration causes the fluid to appear milky end components 
to operate erratically because of the compressibility of the air trapped in the fluid. 

AMPLIFIER - a device for amplifying the error signal sufficiently to cause actuation of the stroke control.  
Several types of servo amplifiers are used at the present time: electronic (DC, AC, phase sensitive, and 
magnetic) and mechanical. 

ANNULAR AREA - a ring shaped area - often refers to the net effective area of the rod side of a cylinder 
piston, i.e., the piston area minus the cross-sectional area of the rod. 

BACK CONNECTED - a condition where pipe connections are on normally unexposed surfaces of hydraulic 
equipment.  (Gasket mounted units are back connected.) 

BACK PRESSURE - usually refers to pressure existing on the discharge side of a load.  It adds to the 
pressure required to move the load. 

BLEED-OFF - to divert a specific controllable portion of pump delivery directly to reservoir. 

BY-PASS - a secondary passage for fluid flow. 

CAVITATION - a condition where liquid does not entirely fill the existing space. (Usually associated with 
pump inlet). 

CHAMBER - a compartment within a hydraulic unit.  May contain elements to aid in operation or control of a 
unit.  Examples: Spring chamber, drain chamber, etc. 

CHANNEL - a fluid passage, the length of which is large with respect to its cross-sectional dimension. 

CHARGE (supercharge) –  

1. To replenish a hydraulic system above atmospheric pressure. 

2. To fill an accumulator with fluid under pressure (see precharge pressure.) 

CHARGE PRESSURE - the pressure at which replenishing fluid is forced into the hydraulic system (above 
atmospheric pressure). 

CHECK VALVE - a valve which permits flow of fluid in one direction only. 

CHOKE - a restriction, the length of which is large with respect to its cross-sectional dimension. 

CLARIFIER (from JIC Hydraulic Standards) - a device for removing harmful materials which affect the 
properties of a fluid.  A clarifier is usually an auxiliary unit. 

CLOSED CIRCUIT - a piping arrangement in which pump delivery, after passing through other hydraulic 
components, by-passes the reservoir and returns directly to pump Inlet. 

CLOSED LOOP - a system in which the output or one or more elements is compared to some other signal to 
provide an actuating signal to control the output of the loop. 

COMMAND SIGNAL (or input signal) - an external signal to which the servo must respond. 

COMPENSATOR CONTROL - a displacement control for variable pumps end motors which alters 
displacement in response to pressure changes in the system as related to its adjusted pressure setting. 

CONTROL - a device used to regulate the function of a unit (see Hydraulic Control, Manual Control, 
Mechanical Control, and Compensator Control). 

CONTROL PANEL - (See Panel). 

COUNTERBALANCE VALVE - a valve which maintains resistance to flow in one direction but permits free 
flow in the other.  Usually connected to the outlet of a vertical double-acting cylinder to support weight or 
prevent uncontrolled falling or dropping. 

CRACKING PRESSURE - the pressure at which a pressure activated valve begins to pass fluid. 

CUSHION - a device sometimes built into the ends of a hydraulic cylinder which restricts the flow of fluid to 
the outlet port, thereby decelerating the motion of the piston. 

CYLINDER - a linear motion device in which the thrust or force is proportional to effective cross-sectional 
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area, and the hydraulic pressure acting on it.  See: Single Acting Cylinder, Double Acting Cylinder. 

DEADBAND - the region or band of no response where an error signal will not cause a corresponding 
actuation of the controlled variable. 

DECOMPRESSION - the slow release of confined fluid to gradually reduce pressure on the fluid. 

DELIVERY - the volume of fluid discharged by a pump in a given time, usually expressed in gallons per 
minute (gpm). 

DE-VENT - to close the vent connection of a pressure control valve permitting the valve to function at its 
adjusted pressure setting. 

DIFFERENTIAL CURRENT - the algebraic summation of the current in the torque motor.  It is a function of 
the value of error signal and is measured in MA. 

DIFFERENTIAL CYLINDER - any cylinder in which the two opposed piston areas are not equal. 

DIRECTIONAL VALVE - a valve which selectively directs or prevents fluid flow to desired channels. 

DISPLACEMENT - the quantity of fluid which can pass through a pump, motor, or cylinder in a single 
revolution or stroke. 

DITHER - an alternating signal imposed upon the stroke control in order to reduce the effects of some small 
non-Ilnearities. 

DOUBLE ACTING CYLINDER - a cylinder in which fluid force can he applied In either direction. 

DRAIN - a passage in, or a line from. a hydraulic component which returns leakage fluid independently to 
reservoir or to a vented manifold. 

ELECTRO-HYDRAULIC SERVO VALVE - a directional type valve which receives a variable or controlled 
electrical signal and which controls or meters hydraulic flow. 

ERROR (or error signal) - the signal which is the algebraic summation of an input signal and a feedback 
signal. 

FEEDBACK (or feedback signal) - the output signal from a feedback element. 

FEEDBACK LOOP - any closed circuit consisting of one or more forward elements and one or more 
feedback elements. 

FEEDBACK TRANSDUCER - an element which measures the results at the load and sends a signal back to 
the amplifier. 

FILTER - a device for the removal of solids from a fluid wherein the resistance to motion of such solids Is in 
a tortuous path. 

FLOW CONTROL VALVE - a valve which controls the rate of oil flow. 

FLOW RATE - the number of units of volume of a fluid passing by any given point in one unit of time, e.g., 
gallons per minute (gpm). 

FOLLOW VALVE - a control valve which ports oil to an actuator so the resulting output motion is 
proportional to the input motion to the valve. 

FORCE - any cause which tends to produce or modify motion.  In hydraulics, total force Is expressed by the 
product P (force per unit area) and the area of the surface on which the pressure acts, F = P x A. 

FOUR-WAY VALVE - a directional valve having four flow paths. 

FRONT CONNECTED - a condition wherein piping connections are on normally exposed surfaces of 
hydraulic components. 

HEAD - the force exerted by a column or body of fluid due to its height and weight. 

HEAT EXCHANGER - a device in which heat is added to or removed from hydraulic fluid. 

HYDRAULIC BALANCE - a condition of equal opposed hydraulic forces acting on a part in a hydraulic 
component. 

HYDRAULIC CONTROL - a control which is actuated by hydraulically induced forces. 

INTENSIFIER - a device which increases the working pressure over that delivered by a primary source. 

LINE - a tube, pipe, or hose which acts as a conductor of hydraulic fluid. 

LINEAR ACTUATOR - a device for converting hydraulic energy into linear motion, for example a cylinder or 
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ram. 

MANUAL CONTROL - a control actuated by the operator, regardless of the means of actuation.  Example: 
lever or foot pedal control for directional valves. 

MAXIMUM PRESSURE VALVE - see relief valve. 

MECHANICAL CONTROL - any control actuated by linkages, gears, screws, cams or other mechanical 
elements. 

METER - to regulate the amount or rate of fluid flow. 

METER-IN - to regulate the amount of fluid flow into an actuator or system. 

METER-OUT - to regulate the flow of the discharge fluid from an actuator or system. 

MOTOR - a rotary motion device which changes hydraulic energy into mechanical energy; a rotary actuator. 

ORIFICE - a restriction, the length of which is small in respect to its cross-sectional dimensions. 

PANEL –  

1. A group of fluid control units mounted to form one assembly on a plate or in a casting, and having a 
single mounting surface. 

2. A plate on which a number of fluid components can be mounted. 

PASSAGE - a machined or cored connection which lies within or passes through a hydraulic component and 
acts as a conductor of fluid. 

PILOT PRESSURE - auxiliary pressure used to actuate or control hydraulic components. 

PISTON - a cylindrically shaped part which fits within a cylinder and transmits or receives motion by means 
of a connecting rod. 

PLUNGER - a cylindrically shaped part which has only one diameter and is used to transmit thrust. 

POPPET - that part of certain valves which prevents flow when it closes against a seat. 

PORT - the open end of a passage.  May be within or at the surface of a component housing or body. 

POTENTIOMETER - a control element in the servo system which measures and controls electrical potential. 

POWER PACK - an integral power supply unit usually containing a pump, reservoir, relief valve and 
directional control. 

PRECHARGE PRESSURE - the pressure of compressed gas in an accumulator prior to the admission of 
liquid. 

PRESSURE - the action of a force against a restriction or obstruction.  Fluid pressure is a force in the nature 
of a thrust distributed over an area or force per unit area (P = F/A) expressed usually in pounds per square 
inch (psi). 

PRESSURE DROP - the reduction in pressure between two points in a line or passage due to the energy 
required to maintain flow: may be deliberate. 

PRESSURE OVERRIDE - the difference between the cracking pressure of a valve and the pressure 
reached when the valve is passing full flow. 

PRESSURE REDUCING VALVE - a valve which limits the maximum pressure at its outlet regardless of the 
inlet pressure. 

PRESSURE SWITCH - a switch operated by a rise or drop in fluid pressure. 

PUMP - a device (or converting mechanical energy into fluid transmission of that energy. 

REGENERATIVE CIRCUIT - a piping arrangement for a differential type cylinder in which discharge fluid 
from the rod end combines with pump delivery to be directed into the head end. 

RELIEF VALVE - a pressure operated valve which by-passes pump delivery to the reservoir, limiting system 
pressure to a predetermined maximum value. 

REPLENISH - to add fluid to maintain a full hydraulic system. 

RESTRICTION - a reduced cross-sectional area in a line or passage which produces a pressure drop. 

ROTARY ACTUATOR - a device for converting hydraulic energy into rotary motion;  a hydraulic motor. 

SEQUENCE - 
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1. The order of a series of operations or movements 

2. To divert flow to accomplish a subsequent operation or movement. 

SEQUENCE VALVE – a pressure operated valve which diverts flow to a secondary actuator while holding 
pressure on the primary actuator at a predetermined minimum value after the primary actuator completes its 
travel. 

SERVO MECHANISM (servo) - a mechanism subjected to the action of a controlling device which will 
operate as if it were directly actuated by the controlling device, but capable of supplying power output many 
times that of the controlling device, this power being derived from an external and independent source. 

SERVO VALVE - 

1. A valve which controls the direction and quantity of fluid flow In proportion to an Input signal. 

2. A follow valve. 

SIGNAL - a command or indication of a desired position or velocity. 

SINGLE ACTING CYLINDER - a cylinder in which hydraulic energy can produce thrust or motion in only one 
direction.  (Can be spring or gravity returned.) 

SPOOL - a term loosely applied to almost any moving cylindrically shaped part of a hydraulic component 
which moves to direct flow through the component. 

STRAINER - a device for the removal of solids from a fluid wherein the resistance to motion of such solids is 
in a straight line. 

STROKE - 

1. The length of travel of a piston or plunger. 

2. Sometimes used to denote the changing of the displacement of a variable delivery pump. 

SUB-PLATE - an auxiliary mounting for a hydraulic component providing a means or connecting piping to 
the component. 

SUPERCHARGE - (see charge) 

SURGE – a transient rise in hydraulic pressure in a circuit. 

SYNCHRO – a rotary electromagnetic device generally used as an AC feedback signal generator which 
indicates position.  It can also be used as a reference signal generator. 

TACHOMETER - (AC/DC) - a device which generates an AC or DC signal proportional to the speed at which 
it is rotated and the polarity of which is dependent on the direction of rotation of the rotor. 

THROTTLE - to permit passing of a restricted flow.  May control flow rate or create a deliberate pressure 
drop. 

TORQUE - turning effort of a fluid motor usually expressed in inch pounds. 

TORQUEMOTOR - an electromagnetic device consisting of coils and the proper magnetic circuit to provide 
actuation of a spring restrained armature, either rotary or translatory. 

TWO-WAY VALVE - directional control valve with two flow paths. 

UNLOAD - to release flow, (usually directly to the reservoir), to prevent pressure being imposed on the 
system or portion of the system. 

UNLOADING VALVE - a valve which by-passes flow to tank when a set pressure is maintained on Its pilot 
port. 

VALVE a device for controlling flow rate, flow direction or pressure of a fluid. 

VENT – 

1. To permit opining of a pressure control valve by opening Its pilot port (vent connection) to 
atmospheric pressure. 

2. An air breathing device or a fluid reservoir. 

VISCOSITY - the measure of resistance of a fluid to flow. 

VISCOSITY INDEX - a measure of the rate at which temperature changes cause a change in viscosity. 
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HYDRAULIC SYSTEM SURVIVAL TECHNIQUES 
FOR OILGEAR EQUIPMENT4 

 

You may have a new system or one that has been running for years. In 
either case, there are some parameters in which to stay in order for your 
Hydraulic System to run long and within specifications.  We feel that if 
your maintenance department understands the requirements our 
equipment can he installed and will run properly. 

This bulletin will describe these Survival Techniques. 

A.  FLUID 

By running a pump with the correct viscosity fluid, the bearings, pistons, and other parts are protected.  
Viscosity is affected by the viscosity grade and inlet temperature.  These requirements are shown in the 
Fluid Recommendation Bulletin 90000 and Fluid Suppliers Bulletin 90008.  Keep in mind that oil tends to 
retain air when run below 120o F so this is a good operational temperature. 

B.  CONTAMINATION 

It is obvious that if the heavily loaded fluid separating high speed parts contains excessive contaminants, 
rapid wear will occur.  The maximum contamination level defined by the ISO code is shown in the Fluid 
Recommendation Bulletin 90000 and is explained and correlated to the Oilgear grade in the Filtration 
Bulletin 90007-D (page 5-41). 

It is recommended that the contamination level be determined every 3 months so that you can detect a rise 
in the level.  This might indicate a pending component failure, filters that are not being maintained, or 
inadequate filtration.  If assistance is required, call your Oilgear sales representative.  For other periodic 
checks and tests, refer to Service Suggestions Bulletin 910000. 

C.  STORAGE 

If you have a pump in storage, you want it to perform well whenever it's installed.  If the unit is stored for 
many years and it is not protected, damage can occur.  As the pump changes temperature, air is exchanged 
and moisture can be left inside.  After about a year, the rust inhibitor in our test oil may be depleted and 
rusting can occur.  A rusty piston can stick in the cylinder bore causing the destruction of the pump. 

We recommend plugging the open holes and filling the pump with fluid as described in Storage 
Recommendation Bulletin 90006 (page 5-54).  Kits can be supplied to prepare your stock unit for long term 
storage, or a repair or exchange unit can be supplied, prepared, and filled.  The pump should then survive 
an almost indefinite storage period. 

D.  SERVICE 

While your equipment is running, a routine check of critical parameters will maximize your up-time and 
minimize operational problems.  Our suggestion for items to check on a daily basis and items to check less 
frequently are shown in Service Suggestions Bulletin 910000.  Keep in mind, Oilgear can provide field 
servicemen who can run the more difficult periodic checks such as system and pump efficiency tests or a 
periodic tune-up of a more complicated system. 

For information on keeping the pumping pistons in contact with the thrust rings in our C and D type pump, 
refer to Bulletin 90021. 

E.  REPAIRED OR REPLACEMENT UNITS 

If you have had a pump failure, the system is often saturated with debris and a pile of debris can be on the 
floor of the reservoir just below the pump suction pipe.  A repaired pump with tight fits may not be able to 
tolerate this high level of contamination.  Therefore, the system should he cleaned.  See Bulletin 90022. 

                                                           
4 This Bulletin 90012 supplied by and used with the permission of: 

The Oilgear Company 
2300 So. 51st Street 

Issued December 1994                            Milwaukee WI 53219 
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F.  EDUCATION 

One of your best Preventative Maintenance efforts is in a well trained maintenance staff.  By their knowing 
about the operation and required maintenance of our equipment, you will be assured of proper running and 
minimum downtime.  Call the Oilgear Service Department for information on the Fluid Power or Electronic 
School schedule.  For an in-plant school, call your local district office or the Milwaukee Service Manager. 

G.  CAVITATION 

Many of the pumps that are returned to the factory for repair show signs of cavitation.  The evidence ranges 
from slightly eroded surfaces to deep irregular cavities.  If left uncorrected, it can lead to the early 
destruction of a pump. 

Cavitation occurs when either a void or an air bubble in the fluid is suddenly exposed to high pressure.  The 
pressure causes the void/bubble to collapse at extremely high velocities.  When the collapsing void/bubble 
disappears, the high velocity oil literally runs into itself causing spot pressures that can reach 200,000 psi.  
Sudden pressures of this magnitude cause noise and eat away at the metal surfaces. 

The Solution is to eliminate voids and air bubbles in the oil.  Voids occur when high vacuum is present in the 
suction line.  This vacuum causes the entrained air (air that is normally in solution at atmospheric pressure) 
to come out of solution thus creating a void.  Avoid restrictions in the suction lines including strainers, 
elbows, and pipe reductions. 

If the cause was air, the bubble will “diesel” causing oxidation and nitration.  This burned fluid will cause the 
components to become coated with a varnish like material resulting in sticking valves, etc. 

Air bubbles can be eliminated by: 

• Repairing loose suction pipes. 

• Ensuring that all return lines terminate below oil level. 

• For presses using two-way pump circuits: 

o repair all leaks in high pressure piping. 

o maintain packing and rod seals on the side cylinders. 

• Maintain oil level in reservoir at maximum safe level. Install baffle plates over the tank pre-fill 
connections.  Maintain oil temperatures at or above 120o F. 

Besides contamination, cavitation is the most frequently occurring condition leading to catastrophic 
destruction of pumping equipment.  Furthermore, this cavitation is almost always attributable to air ingestion, 
especially in older systems.  The importance of the elimination of air cannot be overemphasized. 

Two- Way Pump Circuit Example 

During extrusion on “B" port, air can be ingested through: 

1. Leaking connections anywhere on “A" port side. 

2. Worn rod packing on side cylinders. 

3. Low reservoir level. 
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When delivering at “A" port, air can be ingested through: 

1. Leaking connections anywhere on “B” port side.  

2. Worn main ram packing. 

H.  CASE PRESSURE 

Many of our pumps have a drain line that runs from the case back to the reservoir.  It is generally important 
that this line does not combine with other lines, filters, or coolers before it enters the reservoir because 
excessive case pressure may be created. 

In many pumps, if the case pressure is higher than the inlet pressure there can be a net force on the piston 
that pushes it into the cylinder on the suction side which then slams back on the shoe running surface when 
it sees high pressure.  After doing this for a while, catastrophic damage can occur. 

Besides restricted drain lines, high case pressure can be caused by controls that shift suddenly and 
discharge into the case, directional valves shifting suddenly sending a pulse into the drain line, relief valves 
that suddenly blow into the drain line, etc.  Often, a high speed recorder is required to detect this spike in 
case pressure because pressure gages are too sluggish. 

Large diameter, short drain lines that run directly to the reservoir are the best solution to this problem. 

I.  PARTIALLY FILLED CASE 

Many of our units are designed to run with the case full of oil.  If they run partially full, the fluid tends to 
centrifuge to the outside leaving foam toward the center.  The limited lubrication causes parts to overheat 
and bum up.  The impact of moving parts on the foam causes cavitation.  The end result can be a pump 
failure. 

Often, about one gpm of oil from an external source into the case is required to keep it full and to flush out 
the foam.  Refer to the pump specifications on your unit or contact your Oilgear salesman for a specific 
recommendation. 

Our C, D, and some A pumps run case empty.  They are designed to properly lubricate themselves as the 
drain leakage falls out of a drain hole in the bottom of the pump.  No external lubrication is necessary.  An 
unvented case drain filter is not recommended since it causes the pump to run with the case full. 

J.  RESERVOIR TEMPERATURE 

Fluid Recommendation Bulletin 90000 gives the operational temperature for a variety of fluid viscosities.  By 
keeping the fluid at a fairly steady, reasonable temperature, the system operation should remain uniform. 

If an oil-to-water heat exchanger is used and the only control on water flow is a shut-off valve, the oil is often 
too cold.  This oil then tends to retain air causing pump cavitation and spongy operation.  For good air 
release, the oil should be kept at 120o F. 

Control is reasonable for a while if an inexpensive, small automatic water regulator is used where a bulb 
senses oil temperature which works through a capillary to regulate a water valve.  These valves lend to stick 
and then are removed and a shut-off valve is the controller.  The larger assemblies, which are very reliable, 
are resisted because of their cost. 

A good solution is to use a thermostat set at 120o F in the reservoir that turns on a solenoid operated shut-
off valve in the water line.  This reliable assembly will turn on and off through the day, keeping your 
temperature at a uniform level and allowing your system to run smoothly. 

K. EQUIPMENT INSTALLATION 

1.  New Equipment 

Filling -  Particular care must be taken when filling the main reservoir.  Fluid should be pumped using a 
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portable filter unit having an element with a Beta 10 ratio of at least 15 and a good by-pass indicator.  The 
system should then be flushed with a temporary pump and system filter elements checked and 
cleaned/replaced as necessary. 

Samples - Fluid samples should be taken at various intervals during this flushing procedure to ensure that 
contamination is being removed and to indicate when the fluid is at its acceptable level.  See Bulletin 90000. 
An ISO contamination level of 18/15 or an Oilgear level of 2 would be a typical maximum. 

Flushing - After the full flushing run and all piping has been reconnected, the system should be run 
unloaded for a while to expel any air that has been trapped and the reservoir level rechecked.  This will 
probably involve stroking the cylinders, and in some cases they will also need to be bled.  Be aware of any 
"'high" points in the system where air may be trapped. 

2.  Replacement Equipment 

To properly install and start-up replacement equipment so it can run as well as and have the life potential of 
new equipment, see Bulletin 90022. 

3.  Piping 

For information on piping, refer to Bulletin 90011.  The fluid velocity in lines should be slow enough so it 
doesn't generate excessive heat, line loss, water hammer, or turbulence in a reservoir.  A reasonable 
velocity in pressure lines is 20 feet per second and in suction lines or lines returning to the reservoir is 5 feet 
per second.  The return line can be enlarged near the reservoir to reduce the velocity.  To calculate line 
velocity in feet/second: 

V = 0.408 x G/ID2 

Where: G = Gallons per minute of pump and ID = pipe or tube inside diameter in inches 

4.  Unusual Fluids 

If your equipment is running near hot parts or equipment, a fire resistant fluid should be considered by you 
and your insurance company.  Our equipment generally has viton seals and the paint is an epoxy; both 
stand up to a variety of fluids.  When you determine the fluid type, contact your Oilgear salesman for a 
confirmation of the compatibility. 

• Phosphate Ester - see Bulletin 90000 Fluid Recommendations for proper viscosity. 

• Water Based - see Bulletin 90009, High Water Content Fluid, for our Laboratories Report. 

• There are other types of fluids that are less fire resistant, however, that have fewer 
compatibility problems than a water base or Phosphate Ester fluid.  See your fluid supplier and 
insurance company for a recommendation. 
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Filtration Recommendations 

For Oilgear Equipment5 
 

I. PURPOSE 

Contaminated hydraulic fluid is the designated culprit more than half of the time when the premature break 
down of a system component occurs.  As a result, customers, distributors, and often we ourselves are 
skeptical when dirt is blamed for hydraulic equipment failures.  Hydraulic systems are constantly ingesting 
contaminants from the atmosphere, through cylinder rod seals, component wear, piping, and other sources.  
The object of having a filter in a hydraulic system is to remove dirt at a faster rate than the ingestion rate in 
order to keep contamination in the fluid at an acceptable level. 

This publication provides important information concerning 
filter element ratings, flow requirements, correct placement 
in a hydraulic circuit, and maintenance. 

This document is intended to be a guide; it is current as of 
the publication date and is subject to change without 
notice. 

II. DIRT REMOVAL RATING 

A number of years ago the filter industry recognized that 
nominal or absolute micron filter ratings fail to indicate the 
size of dirt particles that would be removed and that they 
were also invalid in comparing the capability of elements 
made by various manufacturers.  A standard was written 
to establish an accurate way of determining how efficiently 
a filter would remove contaminants from a hydraulic 
system. 

The international standard for rating the efficiency of a 
hydraulic or lubrication filter was known as the Multi-pass 
Filter Performance Beta Test.  The Beta ratio or rating is 
determined under laboratory conditions, and the results of 
the test are reported as a ratio; the number of particles 
greater than a designated size upstream of the test filter, compared with the number of the same size 
particles downstream of the filter. 

Ref.: ISO 16889 

  Number of upstream particles > X (c) 
 Beta-X (c)  =   ------------------------------------------------------------------------- 
   Number of downstream particles > X (c) 
 
 Where X (c) = particle size 

A Beta ratio of 1.0 means that no particles are stopped by the filter.  A Beta ratio of 100 (meaning a ratio of 
100 to 1) means that for every 100 particles upstream, 99 particles are trapped for every one that gets 
through, for an efficiency of 99%.  (Refer to Table "A") 

                                                           
5      Reference Material  
Description Bulletin 
OILGEAR Fluid Recommendations ......................................................................................... 90000 
OILGEAR Piping Information ................................................................................................... 90011 
 

This Bulletin 90007-D supplied by and used with the permission of: 

The Oilgear Company 
2300 So. 51st Street 
Milwaukee WI 53219 

Reissued: February, 2002 

 
Typical fluid filter with by-pass indicator 
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            Table A – Beta Ratio vs. Efficiency 

Beta Ratio Efficiency 
1 0 
2 50% 

5 80% 

10 90% 

20 95% 
75 98.70% 

100 99.00% 

200 99.50% 
1000 99.90% 

5000 99.98% 
 

Filter elements are usually specified by nominal or absolute filtration level in µm(c). 

Example:  B10(c) nominal = 10µm nominal 

 B5(c) absolute = 5µm absolute 

The absolute element rating indicates the smallest particle size the media in an element is capable of 
removing.  The nominal rating indicates the average particle size the media in an element will remove. 

Note: The filter element Beta rating defines the filter media efficiency only.  It does NOT indicate how clean 
the fluid is.  This requires a fluid sample analysis by Automatic Particle Count (APC) or a manual 
microscopic count. 

III.  CONTAMINATION STANDARD CHANGES 

For several decades, AC Fine Dust (ACFD) has been utilized for primary calibration of liquid particle 
counters, for filter testing, and for component contamination sensitivity testing.  The AC Spark Plug Division 
of General Motors Corporation originally sold ACFTD, but it is no longer being produced.  The obsolescence 
of ACFTD has led to the adoption of a new test dust and four new ISO fluid power standards that affect filter 
performance testing, particle counting, and data reporting. 

ISO and SAE developed dust to replace ACFTD. This has resulted in a new standard: ISO 12103-1, which 
defines four different grades of dust.  ISO Medium Test Dust (ISO MID), having a particle size distribution 
close to ACFTD, has been selected as the replacement dust for calibration and testing purposes.  However, 
although similar to ACFTD, ISO MTD dust produces test results that are somewhat different from ACFTD.  
Therefore, results of both the laboratories’ filter performance test (including filter efficiency and dirt holding 
capacity) and automatic particle counting can be significantly affected. This is only an artifact of the testing; 
filter performance and actual contamination levels in the field will remain the same as before. 

IV. NIST CERTIFICATION OF ISO MTD 

The US National Institute of Standards and Technology (NIST} undertook a project to certify the particle size 
distribution of ISO MTD.  The certification of ISO MTD resulted in the establishment of a traceable Standard 
Reference Material (SRM) as a suspension of known dust in a test fluid.  SRM 2806 is the NIST reference 
number assigned to the test fluid.  This standard reference test fluid consists of 2.8 mg/l of ISO MTD 
suspended in MIL-H-56Q6 fluid.  NIST determined that for particle sizes below 10µm, the actual particle size 
is greater than previously measured by APC calibrated with ACFTD.  Particle sizes and Beta ratios reported 
based on NIST determination are represented as X µm (c), with (c) referring to "certified' calibration and 
sizes traceable to NIST.  Therefore, the new definition of particle size will have an effect on filter 
performance data and fluid cleanliness measurements.  (Refer to Table “B” – Comparison of ACFTD vs. 
NIST) 

V.  Filter Media 

Media (also referred to as mat) is a term used to describe any material used to filter particles out of a fluid 
flow stream.  The job of the media is to capture particles and allow fluid to flow through.  For fluid to flow 
through, the media must have holes or channels to direct the fluid flow and allow it to pass.  As the fluid 
flows through the media, it changes direction continuously as it works its way through the maze of media 
fibers.  As it works its way through the depths of the layers of fibers, the fluid becomes cleaner and cleaner.  
Generally, the thicker the media, the greater its dirt holding capacity. 

VI.  How Filter Media collects particles 

There are four basic ways media capture particles.  The first, called inertia, works on large, heavy particles 
suspended in the flow stream.  These particles are heavier than the fluid surrounding them.  As the fluid 
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changes direction to enter the fiber space, the particle continues in a straight line and collides with the media 
fibers where it is trapped and held. 

The second way media capture particles is by diffusion.  Diffusion works on the smallest particles.  Small 
particles are not held in place by the viscous fluid and diffuse within the flow stream.  As the particles 
traverse the flow stream, they collide with the fiber and are collected. 

The third method of dirt particle entrapment is called interception.  Direct interception works on particles in 
the mid-range size that are not quite large enough to have inertia and not small enough to diffuse within the 
flow stream.  These mid size particles follow the flow stream as it bends through the fiber spaces.  Particles 
are intercepted or captured when they touch a fiber. 

The fourth method of capture is called sieving and is the most common mechanism in hydraulic filtration.  
Sieving takes place when the particle is too large to fit between the fiber spaces. 

VII.  Typical Factors in Component Life 

1.  70% from surface degradation 

Mechanical wear from: 

• Abrasion 

• Fatigue 

• Adhesion 

2. Obsolescence 

3. Accidents 

VIII. Sources of Contamination 

1.  Built in from Components.  These are caused during the manufacture, assembly and testing of 
hydraulic components.  Metal filings, small burrs, sand and other contaminants are routinely found in initial 
clean up filtration of newly manufactured systems. 

• Cylinders 

• Fluid.  Fluid in shipping containers is usually contaminated to a level above what is acceptable for 
most hydraulic systems.  Adding new fluid can be a source of contamination, even though it is fresh 
from the drum; new hydraulic fluid isn't necessarily clean.  Note: Fluid may look clean but it may not 
be.  Remember, the human eye can only see particles about 40 µm in size.  We are concerned with 
particles 5 to 25 µm. 

• Hoses 

• Pumps 

• Hydraulic Motors 

• Valves 

• Piping 

• Reservoir 

• Other sources 

2.  Generated 

• System Assembly 

• System Break-in 

• System Operation 

• Breakdown of elastomers.  This may be from seals, hoses, accumulator bladders, or other 
elastomeric products. 

• Fluid Breakdown.  Water Base fluids tend to support biological growth and generate organic 
contamination and microbes. This requires special consideration. 

• Catastrophic component failure 

3.  External lngestion 

• Reservoir Breathers 

• Cylinder Rod Seals / Packings 

• Other Components 

Ingested or external contamination comes from the environment surrounding the system, the plant 
atmosphere.  Dirt or moisture can enter the hydraulic fluid supply through reservoir breathers, leaking seals, 
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and cylinder rod seals.  Special precautions may be required in particularly dirty environments such as 
foundries.  Use special precautions such as pressurized reservoirs, cylinder rod boots (plain or pressurized), 
and rod flushing. 

4.  Introduced during Maintenance 

• Disassembly / assembly 

• Fluid fill or make-up   Caution: See VIII – item 1 above 

• Replacement of failed components.  Failure to protect fluid conductor lines during component repair 
or replacement and cleaning them before re-assembly will often cause premature catastrophic 
failure. 

IX. Cleanliness Classification Standards 

1.  ISO 4406:1999.  Hydraulic Fluid Power-Fluids-Method for coding the level of contamination by solid 
particles. 

2.  Scope.  This international Standard specifies the code to be used in defining the quantity of solid 
particles in the fluid in a given hydraulic fluid power system. 

3.  Normative references.  Normative documents which are referenced in the standard, and which contain 
provisions of this standard. 

a.  ISO 4407: 1991.  Hydraulic fluid power - Fluid contamination - Determination of particulate 
contamination by the counting method, using a microscope. 

b.  ISO 11171:1999.  Hydraulic fluid power - Calibration of automatic particle counters for liquids. 

c.  ISO 11500:1997.  Hydraulic fluid power - Determination of particulate contamination by automatic 
counting using the light extraction principle.  This principle is based upon the fact that particles absorb 
or scatter light in proportion to their size.  This changes the amount of light received by the APC photo-
detector. 

4.  Basis of Code 

a.    APC (ISO 4406:1999).  The code for contamination levels is comprised of three scale numbers 
(Example: 21/18/15) which permit differentiation of the dimension and the distribution of the 
particles as follows: 

• The first scale number represents particles equal to or larger than 4 µm(c) per milliliter of fluid. 

• The second scale number represents particles equal to or larger than 6 µm(c) per milliliter of 
fluid. 

• The third scale number represents particles equal to or larger than 14 µm(c) per milliliter of 
fluid. 

b. Manual microscopic counting (ISO 4407:1991). 

• The code for microscopic counting comprises two scales using 5 µm and 15 µm. 

• When applicable, a " * " (too numerous to count) or a " -" (no requirement to count) notation 
can be included when reporting scale numbers. 

Example 1:  */18/15 means a sample had too many particles equal to or larger than 4 µm(c) to count. 

Example 2:  -/18/15 means that there is no requirement to count particles equal to or larger than 4 
µm(c). 

5.  Test value relationships to scale numbers  -  Refer to Table C 

If the scale number value is "greater" by: 

1 = 2x the amount of dirt  

2 = 4x the amount of dirt  

3 = 8x the amount of dirt 

4 = 16x the amount of dirt 

Etc. 

If the scale number value is "less than" by: 

1 = 1/2 the amount of dirt  

2 = 1/4 the amount of dirt  

3 = 1/8 the amount of dirt  

Etc. 
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Refer to Table D for graphical representation of the code numbers 

X.  System Filtration considerations 

It is always better to over-design than under-design a filtration system.  The advantages include 
longer component life and longer intervals between element changes.  The initial hydraulic system 
cost is a one-time expense, while maintenance expenses exist for the life of the equipment. 

In general, for most hydraulic systems, preventing contamination from entering the system is much more 
cost effective than removing it. 

The contamination level of a hydraulic system should be checked every three months.  More frequent 
checks may be necessary with synthetic or water base fluids and depending on the plant atmosphere. 

There are three important factors that must be considered in a filter circuit: 

1. Flow rate 

The dirt particle removal rate of a filtration system is a function of the efficiency of the element and the 
amount of flow passing through it.  The contamination ingestion rate determines the flow rate (amount of 
flow) required.  As a general guide: 

a.  Non-differential Hydrostatic drives: 30% of high pressure pump capacity 

b.  Normal industrial differential system: 30 to 100% of high-pressure pump flow volume capacity. 

c.  High differential system operating in a dirty (contaminated) atmosphere: 100 % of high pressure 
pump capacity used to supercharge the high-pressure pump. 

d. The need for return line filtration 

2. Effectiveness in a circuit 

A filter in an oil fluid system is more effective with warm fluid, which will have a lower viscosity than cold 
fluid.  Filters equipped with a safety by-pass dirt indicator will often by-pass cold fluid.  Therefore, for best 
results, filters should be placed ahead of coolers in a filtration circuit.  OILGEAR recommends that 
reservoirs be heated to room temperature (65 – 70o F.) to facilitate filtration and pump suction at start-up. 

3. Location I placement 

It is desirable to locate fillers in the circuit so that the warmer fluid is filtered and the flow is steady state.  
Independent circulation filtering systems offer several advantages: 

a.  The system can run continuously, even while the main pumping system is shut down. 

b.  A separate filtering system can be shut down for maintenance without affecting production. 

c.  A separate filtering system is available for heating  and/or cooling, not only for production, but 
during idle times as well. 

Additional filters are recommended in control circuits to protect a sensitive component. 

Filters or strainers in a pump suction line are not recommended.  If the inlet pressure drop is excessive, the 
high-pressure pump can cavitate and cause its destruction. 

Filters in the main pump delivery are sometimes necessary.  They are expensive because they are large 
(because they must pass the entire pump flow), they must have a high-pressure rating, and in a two-way 
circuit there must be additional piping around the filter to prevent back flushing. 

In some applications, return line filtration must be incorporated.  This flow is difficult to filter because it is 
"pulsing" flow and is often greater than the main pump flow.  Therefore, return line filters must be 
conservatively sized larger, taking the high "pulsing" flow into account. 

XI.  System Cleanliness Level Guideline for OILGEAR Systems and Components 

• Filter elements with B10(c) = 98.7% Efficiency or better 

• Fluid bulk (reservoir) cleanliness target of ISO(c)19/16/13 or better for optimum component life 

• ISO(c) 21/18/15 maximum 

XII.  Water Based and Synthetic Fluids 

Water based fluids and some synthetic fluids require special precautions due to their specific properties 
which include low viscosity and operating temperature limitations (Temperature range is generally 32o F to 
120o F). 

Reservoir breathers, fluid filters, and their elements must be specifically compatible with water.  Fiberglass 
is often chosen for the filter media itself.  The filter element and the housing can be made of steel if 
HWCF’s are used or stainless steel. Base mounted filters can be steel or stainless steel, but regardless, the 
cap must be stainless steel or electro-less nickel-plated to prevent corrosion due to air trapped in the cover 
area. 

Caution:  Water based fluids and some synthetic fluids contain additives, which may filter out if the level of 
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filtration is too fine. 

Example:  The minimum absolute filtration level for a particular 95/5 HWCF is 8 µm(c).  Anti-foaming 
additives will filter out if 7 µm(c) or finer filtration is used. 

Consult the fluid supplier for specific guidance regarding minimum filtration levels for synthetic and water 
base fluids. 

Caution: Fluid conversion from oil to water base fluid:  It is best to follow the fluid manufacturer’s 
recommendations. 

The conversion procedure usually consists of draining , cleaning, and flushing the system before the new 
fluid is added.  Note: if any residual oil is left in the system it may block the filter element to water base fluid 
flow.  As a result the filter may by-pass and no filtration will take place.  Therefore, as a precaution, we 
recommend that filter elements be monitored and changed frequently for the first 6 months after a 
conversion from oil to a water based fluid. 

XIII.  Filter Installations 

Many things must be considered to properly install filtration in a hydraulic system.  The filter must have a 
pressure rating that will meet the demands of the circuit.  In selecting the filter, peak pressure variations 
should be determined and a filter with a fatigue rating in excess of this pressure should be selected.  The 
filter must be physically located to minimize external abuse and be physically strong enough to survive 
normal abuse.  The filter must have a dirt indicator and alarm to signal when the element is being by-
passed. Since the pressure drop across an element is proportional to the velocity of the fluid, one must 
consider whether this is an acceptable condition during cold start-up.  If cold start-up is accepted, and 
automatic alarms are used, they should be by-passed with temperature sensitive cut-off during cold 
starting. 

All filters must be physically positioned so they are accessible and can be properly maintained.  Hydraulic 
circuits should be arranged so it is convenient to change the element when the dirt alarm indicates the 
element is full of dirt and a change is required. 

CAUTION!  Great care must be taken when replacing dirty filter elements to prevent the entry of 
contaminants into the filler outlet port, which is locted inside of the housing. 

If a filter is “base" mounted, drain the housing first, BEFORE removing the dirty element.  This is 
usually accomplished by opening an air inlet bleed in the top cap and the drain plug at the bottom.  
Note: This drain port should be located, or piped to relocate it, so the dirty fluid can be drained into a 
bucket and not onto the reservoir or the factory floor.  After the housing is drained of the dirty fluid, 
wipe the inside clean and replace the dirty element with a clean one and re-install the cap. 

When the filter is "top" mounted, remove the filter housing and dispose of its dirty fluid and element.  It is 
important to thoroughly wipe out or flush the housing before re-installation of the clean filter element and 
housing. 

 

 

 

 

Table B:  
Comparison of APC measured particle sizes 
(ACFTD calibrated vs. NIST calibration) 
 

 

Ref: ISO 4406: 1999 (E) 

 

 

 

 

  

ACFTD (µm) NIST [µm(c)] 

0.8 4.0 

1.0 4.2 

2.0 4.6 

2.7 5.0 

3.0 5.1 
4.3 6.0 

5.0 6.4 
7.0 7.7 

10.0 9.8 

12.0 11.3 

15.0 13.6 

15.5 14.0 
20.0 17.5 
25.0 21.2 

30.0 24.9 

40.0 31.7 

50.0 38.2 
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   Table C: Allocation of Scale Numbers 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ref.
: 

ISO 4406: 1999 (E) 

 

Number of particles per milliliter: Scale number 

More than Up to and 
including 

 

2,500,000  >28 

1,300,000 2,500,000 28 

640,000 1,300,000 27 

320,000 640,000 26 

160,000 320,000 25 

80,000 160,000 24 

40,000 80,000 23 
20,000 40,000 22 

10,000 20,000 21 

5,000 10,000 20 

2,500 5,000 19 

1,300 2,500 18 

640 1,300 17 

320 640 16 

160 320 15 

80 160 14 

40 80 13 

20 40 12 

10 20 11 

5 10 10 

2.5 5 9 

1.3 2.5 8 

0.64 1.3 7 

0.32 0.64 6 

0.16 0.32 5 

0.08 0.16 4 

0.04 0.08 3 

0.02 0.04 2 

0.01 0.02 1 

0.00 0.01 0 
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Table D – Graphical presentation of the code number  Ref.: ISO: 4406: 1999 (E) 

 
NOTE   Quote scale number at 4 µm (c), 6 µm(c), and 14 µm (c) levels for automatic particle counters, and at 

5 µm and 15 µm for microscope counting 
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PIPING INFORMATION 
FOR OILGEAR FLUID POWER SYSTEMS6 

PURPOSE OF INFORMATION: 

The primary requirements for piping a fluid power system consist of conductors with the strength to SAFELY 
handle peak pressures, tubing and fittings in sizes adequate to transmit maximum volumes at reasonable 
velocities and conductors which are CLEAN and will remain free of contaminants.  The designer of piping 
systems should be aware of the merits and limitations of various conductors and connectors.  A study of 
suppliers' literature will facilitate proper selection and installation.  The following printed information is 
intended only as a guide, is current as of the date of bulletin publication and is subject to change without 
notice. 

I. HYDRAULIC FLUID LINE TUBING 

FLARELESS, FLARED AND SELF-FLARING 
CONNECTIONS:  Use the outside diameter size seamless 
steel tubing (refer to Table "A") with forged steel flareless 
locking shoulder or self-flaring fittings.  Order seamless steel 
hydraulic fluid line tubing to JlC specifications from supplier 
warehouse or The Oilgear Company.  This tubing is dead soft, 
cold drawn, clean, oiled and sealed on the ends.  Soft, low 
carbon, steel tubing should be painted or protected against 
rusting after installation. 

II. PIPE OR PRESSURE TUBING 

WELDED CONNECTIONS:  Where size, pressure, service or 
mechanical considerations demand, use seamless steel pipe 
or mechanical tubing (refer to Table "B").  Use butt welded type 
steel flanges and forged steel fittings.  Specific codes may 
dictate other pipe or tubing materials. 

Seamless steel pipe, usually with ASTM specifications A-106, 
grade B, is available from some supplier warehouse stocks.  Cold drawn finish is acceptable, or, if only hot 
rolled is available, it should be pickled to remove scale.  All piping MUST be clean and free of scale or 
corrosion when installed.  AVOID BENDS HAVING A RADIUS SMALLER THAN 12 PIPE DIAMETERS 
WITH THESE MATERIALS. 

Oilgear uses and stocks cold drawn, annealed, maximum Brinell 135, seamless low carbon steel mechanical 
tubing (refer to Table "B").  This tubing conforms to ASTM specifications A-519 or to comparable 
specifications established by Oilgear and suppliers.  Use only tubing that is suitable for bending, scale free 
inside and out, protected with slushing oil against corrosion and has sealed ends. 

III. CLEANLINESS 

It is desirable to obtain an adequate cleanliness level that will assure uninterrupted operation, eliminate 
malfunction, accelerated wear or component failures.  The required cleanliness level may vary from system 
to system depending on the contamination sensitivity of the system components, see Fluid 
Recommendations Bulletin 90000. 

SYSTEMS WITH REASONABLY SHORT PIPE LINES:  The inside of the pipe or tubing should be bright, 
clean, free of grease. drawing compounds, oxide scale, carbon deposits and all contamination.  Alkaline or 

                                                           
6     Reference Material  
Description Bulletin 
Fluid Recommendations .......................................................................................................... 90000 
Filtration Recommendations .................................................................................................... 90007 
Fluid Supplier Recommendations ............................................................................................ 90008 
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petroleum solvents and wire brushing methods should be used to clean the pipe and the ends should be 
sealed for handling and storage. 

Clean each individual piece BEFORE assembling into sections.  DO NOT use rags, waste or other similar 
substances.  Vibrate or tap each individual piece along it's entire length to free foreign matter.  Dissolve the 
protective coating on the inside of the pipe with solvent.  Once coating is dissolved, drain and blow out with 
filtered DRY air to thoroughly dry the inside of the pipe. 

WARNING! 

Always wear safety goggles when using solvents or 
compressed air.  Failure to wear safety goggles could result 

in serious personal injury. 

After fabricating the pipe into sections, each section should be cleaned with wire brushes or equivalent.  Be 
sure each section is absolutely free of saw and file chips, dirt, abrasive, scale, slag, burrs, welding beads, 
cleaning fluids or other contaminants.  Oil the inside of each pipe section and seal the ends.  If the pipe 
section is to be immediately assembled, add filtered fluid and seal the system.  Pressure test the system to 
locate and eliminate all leaks.  Finally, circulate the system fluid through a full flow return line filter until all 
micronic foreign matter is removed.  Install clean filter elements prior to machine or system start-up.  To 
assure long service life, the system must be kept clean. 

WARNING! 

NEVER attempt to remove or install any hydraulic component while the 
system is running! Always stop the pump, shut power off and release 

pressure from the system before servicing or testing. Severe personal injury 
or death could result if system pressure is not released before servicing or 

testing. 

SYSTEMS WITH LONG PIPE LINES:  Special consideration should be given to the design, installation and 
preparation for service of systems involving long pipe runs, large heavy pipe sections and other unusual 
conditions.  Start with clean tubing that is pickled, oiled and sealed.  Keep all foreign matter out including 
solvents and moist air.  Maintain the oil coating inside the tubing until the system is filled with fluid.  Pressure 
test the system to locate and eliminate all leaks.  Circulate the system fluid through a full flow return line filter 
until all micronic foreign matter is removed.  Install clean filter elements prior to machine or system start-up. 

NOTE: 

When large systems are involved, we suggest contacting The Oilgear Company for information and/or 
assistance in system start-up. 

IV. INSTALLATION 

Select the shortest path for tubing consistent with flexibility to resist vibrations and relative movement under 
load strain.  Long lines require larger diameter pipe to reduce head loss and shock resulting from sudden 
velocity changes.  Avoid unnecessary "arches" in the tubing.  Install air drain cocks or plugs at high points to 
facilitate system bleeding.  Include tees or small auxiliary pipe taps for installation of test gages.  All tubing 
should fit into position without straining.  Tubing may be heated to a low temperature over a large area to 
remove strain.  However, tubing must be re-cleaned to remove scale after any heating.  Install suitable 
braces and supports to reduce tubing vibration or strain.  DO NOT weld tubing to its support.  Protect all 
tubing from mechanical loads or abuses.  When fittings with copper gaskets are removed, anneal gasket to 
a dark cherry red before reassembly.  Elastomeric seals must be removed before any welding is done. 

FLARELESS, LOCKING SHOULDER OR SELF-FLARING JOINTS:  Follow the manufacturer's instructions.  
Be sure the tubing is clean and free of burrs or corrosion. 

STRAIGHT THREAD JOINTS:  The Oilgear Company can furnish flanges suitable for "SAE J514a" straight 
thread hydraulic tube fittings with o-ring seals when specified by the customer. 

ELECTRIC ARC WELDED TUBE JOINTS:  Any joint to be welded must be absolutely clean and dry.  DO 
NOT complete the weld with fittings on the unit.  If butt welded fittings are used, only tack weld tubes to 
fittings, then remove the lines from the unit for complete welding.  Always support the tubing and fittings with 
clamps or fixtures.  AVOID concentrating heat at any spot to prevent burning the tubing.  Over heating can 
cause excessive scale inside the tubing.  Use AWS E71T-1 wire or E 7018 welding electrodes.  Root 
penetration must be complete.  Allow the welded joint to cool naturally, DO NOT CHILL.  Welded joints and 
tubing with wall thickness of 3/4 inch or more should be stress relieved and cleaned.  If socket welding is 
used, observe similar precautions.  Be sure the weld fills the socket and forms a smooth fillet to eliminate 
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stress concentration.  DO NOT weld steel tubing to brass or iron fittings.  Remove all scale and slag on or in 
the tubes and joints prior to assembling. 

FLARED JOINTS:  If flared connections are required, use only steel fittings with steel tubing and follow the 
supplier's recommendations.  Carefully remove burrs and clean out any saw or file chips or any other foreign 
matter.  Slide the nut on the tubing. The flare should be made with a tool approved by the fitting 
manufacturer.  Make flare the correct length to provide a good seal between the fitting and the nut.  AVOID 
over working the flare end as it tends to harden the metal and subject it to cracking.  To avoid distortion of 
the fitting wall, insert the tubing nut before tightening the fitting in place. 

FLEXIBLE HOSE:  When there is motion or excessive vibration between two end connections, The Oilgear 
Company suggests using a hydraulic flexible hose.  Follow the supplier's recommendations on size, type, 
length, minimum bending radii and the method of installation.  Bend the hose in one place only.  DO NOT 
twist or place the hose under axial tension.  Use tube fittings and adapter unions to relieve excessive strains.  
Provide sufficient slack to compensate for length changes under working conditions and to avoid flexing or 
straining.  AVOID sharp or excessive bends.  Vertical connections prove the most practical. 

WATER HEAT EXCHANGER PIPING:  Water lines to and from heat exchanger or coolers will sweat easily.  
If made with steel tubing, they will rust or corrode.  Use galvanized pipe or copper tubing to bring cool water 
to the exchanger and to carry hot water to drain. 

 

Table “A” 

SEAMLESS STEEL TUBING 

For Flared, Flareless Locking Shoulder, or Self-Flaring Fittings 

  Control Pressure 
To 500 PSI 
(34.5 Bar) 

Low Pressure 
To 1500 PSI 
(103.4 Bar) 

High Pressure 
To 3500 PSI  
(241.4 Bar) 

Ultra High Pressure 
To 5000 PSI 
(344.8 Bar) 

SAE NPT O.D. Wall O.D. Wall O.D. Wall O.D. Wall 

4 1/8” 1/4” 0.035” 1/4” 0.035”     

5 1/8” 5/16” 0.035”† 5/16” 0.035”     

6 1/4” 3/8” 0.035”† 3/8” 0.049” 3/8” 0.060” 3/8” 0.083”∆ 

8 3/8” 1/2” 0.035”† 1/2” 0.049” 1/2” 0.083” 1/2” 0.095”∆ 

10 1/2” 5/8” 0.035”† 5/8” 0.049” 5/8” 0.095” 5/8” 0.120”∆ 

12 3/4” 3/4” 0.035”† 3/4” 0.065” 3/4” 0.109” 3/4” 0.120”∆* 

16 1” 1” 0.065” 1” 0.109” 1” 0.120”   

20 1-1/4” 1-1/4” 0.065” 1-1/4” 0.120” 1-1/4” 0.156”†∆   

24 1-1/2” 1-1/2” 0.065”† 1-1/2” 0.120” 1-1/2” 0.188”† ∆   

 

† Not used by The Oilgear Company 

∆ Not flareable per SAE J533 

* 4500 PSI (310 Bar) Maximum 

 

NOTE:  Some of the above items are not stocked by The Oilgear Company 
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Table “B” 

SEAMLESS STEEL PIPE 

For Welded Connections 

Normal 
Pipe 

To 700 PSI 

(48.3 Bar) 

To 2000 PSI 

(137.9 Bar) 

To 3500 PSI 

(241.4 Bar) 

To 5000 PSI 

(344.8 Bar) 

Size O.D. Wall O.D. Wall O.D. Wall O.D. Wall 

1/8” --- --- --- --- 0.405” 0.068” (1) 0.405” 0.095” (2) 

1/4” --- --- --- --- 0.540” 0.088” (1) 0.540” 0.119” (2) 

3/8” --- --- --- --- 0.675” 0.091” (1) 0.675” 0.126” (2) 

1/2” --- --- 0.840” 0.109” (1) 0.840” 0.147” (2) 0.840” 0.187” (3) 

3/4” --- --- 1.050” 0.113” (1) 1.050” 0.154” (2) 1.050” 0.218” (3) 

1” --- --- 1.315” 0.133” (1) 1.315” 0.179” (2) 1.315” 0.250” (3) 

1-1/4” --- --- 1.660” 0.140” (1) 1.660” 0.191” (2) 1.660” 0.250” (3) 

1-1/2” 1.900” 0.145” (1) 1.900” 0.200” (2) 1.900” 0.281” (3) 1.900” 0.400” (4) 

2” 2.375” 0.154” (1) 2.375” 0.218” (2) 2.375” 0.343” (3) 2.375” 0.436” (4) 

2-1/2” 2.875” 0.203” (1) 2.875” 0.276” (2) 2.875” 0.375” (3) 2.875” 0.553” (4) 

3” 3.500” 0.216” (1) 3.500” 0.300” (2) 3.500” 0.438” (3) 3.500” 0.600” (4) 

4” 4.500” 0.237” (1) 4.500” 0.337” (2) 4.500” 0.531” (3) 4.500” 0.674” (4) 

5” 5.563” 0.258” (1) 5.563” 0.625” (3) 5.563” 0.750” (4) --- --- 

6” 6.625” 0.280” (1) 6.625” 0.718” (3) 6.625” 0.864” (4) --- --- 

8” 8.625” 0.322” (1) 8.625” 0.906” (3) ---  --- --- 

 

(1) Schedule 40 
(2) Schedule 80 
(3) Schedule 160 
(4) XXH 

 

NOTE: The Oilgear Company does not stock all sizes of large heavy wall pipe. 

 

IMPORTANT 

Piping and fittings properly selected and installed can give long and satisfactory service.  Defective or 
contaminated tubing and fittings, improper installation, vibration, repeated severs shocks or mechanical 
damage may result in serious leakage, breaks, damage or malfunction of hydraulic system components.  All 
these can cost you money in downtime, maintenance and repair costs. 
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INSTRUCTIONS 
STORAGE RECOMMENDATIONS FOR OIL GEAR UNITS7 

PURPOSE OF INSTRUCTIONS 

Proper preparation for storage of your OILGEAR pump motor is as important as proper maintenance during 
usage.  The following guideline has been prepared to assist you in correct long term storage procedures for 
units currently in service which will be put into storage, those already in storage, or those which are shipped 
by OILGEAR specifically for long term storage.  Your acquaintance with these instructions will help you 
attain satisfactory performance when you unit is placed into service. 

PREPARATION - NEW OR RECONDITIONED UNITS: 

Units shipped from our factory for long term storage will be fitted with yellow pipe plugs and flanges to seal 
the units.  If the unit is shipped without controls, etc., then covers for control bores, etc., will also be 
supplied.  The unit is then filled with a clean rust inhibitor fluid and shipped to the user.  Instructions are 
provided which show all the plugs and flanges that must be removed before putting the unit into service. 

PREPARATION - EXISTING UNITS: 

When removing a unit from service, it should be drained and fitted with pipe plugs and flanges as required 
to seal it from moisture and contamination.  It is suggested that you color code plugs and flanges being 
installed for easy identification when the unit is returned to service.  Any item (plugs, flanges, etc.) installed 
at the time of storage should also be recorded on an installation drawing or bulletin covering the unit. 

FLUID AND FILLING - ALL UNITS: 

The customer is responsible for filling the existing unit with appropriate, CLEAN, hydraulic fluid which 
contains a rust inhibiting additive.  By filling the unit with CLEAN hydraulic fluid so it is CASE FULL, you are 
preventing moisture and contamination from entering the unit during the storage period.  Refer to table for 
correct fill location for your specific unit. 

WARNING! 

NOT ALL TYPES OF FLUID ARE COMPATIBLE.  Special precautions must be taken to assure an existing 
unit is stored containing the same type of fluid as it is accustomed to using when it is in service.  New or 
reconditioned units should be stored containing a fluid with which it is expected to be used when placed 
into service.  If anything other than a standard petroleum base fluid will be used in service, inform The 
Oilgear Company so the proper storage fluid can be used. 

NOTE! 

If the unit will be stored for a period of no more than one year and will be in an environment which is warm, 
dry and free of atmospheric contamination, it is not necessary to fill the unit with fluid during the storage 
period. 

EXTERNAL PROTECTION - ALL UNITS: 

Be sure all chains, bearings, shafts, unpainted surfaces and couplings are well lubricated or covered with a 
protective grease.  Remove breathers if any are installed and replace with appropriate pipe plugs.  
Breathers may be located on top(s) of unit(s) or reservoir(s).  Make certain the unit is well protected from 
ice, rain or snow. 

RESUMING OPERATION - ALL UNITS: 

To place a new or reconditioned unit into service, drain storage fluid from the unit and REMOVE ALL 
YELLOW COLOR CODED PLUGS, FLANGES, ETC., which were factory installed.  On an existing unit that 
was stored, drain storage fluid from the unit and REMOVE ANY PLUGS, FLANGES, ETC., which may 

                                                           
7 This Bulletin 90006B  supplied by and used with the permission of: 

The Oilgear Company 
2300 So. 51st Street 

Reissued May, 1994           Milwaukee WI 53219 



Hydraulic Equipment - Chapter 5 

 5-55

have been installed and noted at the time of storage. 

Inspect a sample of the drained fluid for rust.  If any evidence of rust is found, it is advisable to have the 
unit disassembled and cleaned before placing it into service.  If there is no evidence of rust or water being 
present, the unit is ready to be placed into service. 

IMPORTANT! 

Before operating the unit, be sure all pipes, etc., are installed in the proper ports as indicated in the 
instruction bulletin and/or installation drawing for your particular unit.  It is helpful to compare ports 
(plugged, open or piped) of the unit being replaced with the spare being placed in service.  The unit MUST 
BE JOG STARTED prior to release of the unit to production. 

ADDITIONAL INFORMATION: 

The OILGEAR "Fluid Recommendations" plate attached to the unit specifies the viscosity of fluid and 
preferred operating temperatures.  If no plate is visible, the correct fluid can be determined if the type 
designation and size of the unit are known.  Type designations are stamped on the nameplate attached to 
each unit.  Viscosities for average conditions are listed in Bulletin 90000.  Consult your fluid supplier for 
special precautions to be taken when changing from oil to phosphate ester fluid or phosphate ester to oil.  
For information on equipment compatibility, operation under unusual conditions or operation with fluids not 
referred to in the above bulletin consult The Oilgear Company. 

TABLE 

FLUID FILL LOCATION 

PUMPS LOCATION 

"D" Eyebolt hole in top of pump 

"Cft Eyebolt hole in top of pump. 

"DN" Eyebolt hole in to of pump 

"PVL" Case drain "Port I" in top of unit 

"PFL" Case drain "Port I" in top of unit 

"PVS" Case drain "Port I" in top of unit 

"PFS" Case drain "Port I" in top of unit 

"PVV, PVK, PFK Case drain "Port I" in top of unit 

PVWH, PVW, pya, PVZ" Case drain "Port I" in top of unit 

MOTORS LOCATION 

ALL Case drain hole in top of motor 

PREFILL UNITS LOCATION 

ALL Port 5 
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Following are a few selected images and recommendations from a presentation by Jeff Grube of 

Bosch Rexroth about extrusion press hydraulic systems, from the AEC Press Maintenance 
Workshop, Atlanta, April, 2015. 

 

 

Hydraulic fluid temperature 

• Affects of temperature on 
components. 

• Among the many requirements of 
the fluid, including stability against 
shearing, thermal loads, oxidation, 
and foaming etc., the viscosity is the 
most significant factor in hydraulic 
systems. 

• Viscosity determines how thick or 
thin a fluid is at a given temperature 
determining the friction between the 
layers of the fluid. 

• Viscosity defined = “the inner friction 
or resistance to flow” 

 

 

 

 

 

 

Water in hydraulic fluid 

• Water contamination in hydraulic 

fluid accelerates the aging process 

of the oil resulting in oxidation, 

additive depletion, reduced 

lubricant film strength, and 

corrosion. 

• Cavitation can also be a symptom 

of water in the fluid. Because the 

oxygen content of water vaporizes 

in the low pressure inlet side of a 

pump. Vaporization is followed by 

the subsequent violent collapse of 

vapor bubbles also known as the 

“diesel effect”. The result is 

cavitation damage on the interior 

surfaces of hydraulic components. 

• Water in oil-based fluids can be 

just as destructive as particle 

contaminants. 

Common sources of water entry: 

• Condensation from humid air drawn in through breathers. 

• Leakages from oil coolers. 

• Inadvertently filling with moisture contaminated fluid from drums or storage reservoirs. 
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Air in the hydraulic system 

• Hydraulic mineral fluid contains between 6 and 10 
percent of dissolved air by volume, Water/Glycols and 
phosphate esters about 4 percent. 

• Free or un-dissolved air is extremely undesirable in a 
hydraulic system. 

• Usually the first signs of un-dissolved air in the system 
will be seen as  damages in pumps. 

• As the level of free air increases, it can be heard as a 
growling noise in pumps and undesirable machine 
operation in spongy control movement. Usually at this 
point, serious damage has already occurred at the 
pump. 

• Air is visible in the reservoir as a foam build up. Other 
indicators could be an increase in system temperature, 
a rise in contamination, or oil becoming darker.  

 

Solids contamination 

The most dangerous contaminants 
are particles that bridge the dynamic 
clearance in components, typically 
between 2 and 20 μm in size. 

• Control Valves = 5 to 25μm 

• Servo Valves = 2.5 to 8μm 

This is not to say larger and 
smaller particles are not serious. 

• Larger particles if left 
unattended will result into a 
snowball effect. These 
larger particles break down 
into  smaller particles that 
end up matching the 
component critical 
tolerances. 

• Smaller particles will collect 
and cause what is known as 
“silting” on components that 
are sitting in a stand by 
mode. 

If not attended to, contamination will 
cause premature component wear 
throughout the hydraulic system and 
will not be isolated to single 
components. 

As contaminants wear the internal 
tolerances of components the 
efficiency, internal leakages, and 
response times will all diminish, 
causing undesirable machine 
performance and reliability.  

 

 

Cavitation 
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Filter Maintenance 

• Service when indicator pops out or at least at a set time interval 

• Cut old filters apart to learn what is swimming in the system 

• Use high quality, name brand, proven filters 

• Replace breather elements at regular intervals 

• Close openings/protect openings to prevent introduction of contaminants into the system, 
such as: 

 Missing breathers 

 Reservoir access covers 

 Removal of components or piping 

 Maintain integrity of cylinder seals 

 

Oil Sampling procedures 

Useful Sampling Tips in less than 5 Minutes  

• Start slow and build the program 

• Perform risk analysis to sample frequency 

• Send a sample of new oil to the lab prior to starting the program so that a base line 
chemistry can be referenced 

• Trend results so change in status can be detected easily 

• Use transfer carts with appropriate filtration for fill ups 

• Eliminate tramp oil from repairs and filter carts 

 
The Goals and benefits of oil sampling 

• Provide a holistic view of component health in a hydraulic system 

• Provide a holistic view of fluid health in a hydraulic system 

• Ensure all parameters of the fluid are in-line with manufacturers recommendations 

• The goal is to identify and correct a problem prior to becoming a functional failure 

Select a lab service 

• ISO Certified 

• Visit- relationship build 

• Turnaround times- lab location 

• Interpretation assistance 

• Report clarity 

Select a sample location 

• Reservoir (from the drain valve): A: This point is not representative or repeatable 

• Reservoir (through the breather): A: This point is more representative but difficult to 
repeat due to different sampling height possibilities. Consideration should be given to the 
damage caused by removing the breather 

• Supply Line (after filter): A: This point will provide a repeatable sample but little 
information regarding the cleanliness of the oil 

• Supply Line (after the Pump before filter): A: Provides a representative and repeatable 
sample 

• Return Line (before the filters): A: 
This point will provide a repeatable 
sample and is representative of the 
system  

Clearly label the sample location once 
determined for consistency and trending 
purposes. 
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A Typical Oil Analysis Report 
 

 

 

Purchase sample kits 

• Refer to ISO 3722 for bottle cleanliness guidelines 
• Most bottles available fall into the “clean” category. “Clean” bottles have less than 100 

particles greater than 10 microns/ml 
• “Super clean” bottles have less than 10 particles greater than 10 microns/ml  

 

Status 

• Provides a quick diagnosis (Normal, Caution or Critical) based on the overall result of the 
analysis and target 

Comments / Recommendations 

• Provides a specific description of the results. If there is a deficiency in the results lab may 
provide recommendations for corrective measures 

Particle Count 

• The particle count test provides the quantity and size (in micron) of all solid contaminants 
in the fluid 

• The particle count makes up the ISO Cleanliness Code and is compared to the target 
code 

ISO Cleanliness Code 

• ISO 4406:99 is the current and most commonly used cleanliness code. It is assigned on 
the basis of the number of particles per unit volume greater than 4, 6 and 14 microns 

Water Content 

• All hydraulic systems contain water, however the amount of water needs to be monitored 
and controlled in order to prevent severe damage to components 

• Generally speaking for mineral oils <500ppm of water is acceptable 
Viscosity 

• Measured at a temperature of 40C – the time it takes for a given volume of oil to flow 
through a calibrated capillary tube under gravity 

• A tolerance of +/- 15% (compared to new oil) is used as a limit for flagging a caution 
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TAN- Total Acid Number 

• TAN measures the corrosive acidic by-products of oxidation 

• Oxidation, can result in the increase of fluid viscosity, varnishing, or  gumming 
substances 

• Once the reaction begins a catalytic effect takes place 

Spectrographic Analysis 

• Defines and measures levels of additives 

• Defines and measures levels of wear metal contaminants 

• Comparisons based on new oil specifications from oil manufacturers 

 

Understanding the Spectrographic Analysis: 

Fluid Additives may cause presence of these elements: 

• Detergents: Magnesium (Mg) Calcium (Ca) Barium (Ba) 

• Anti-wear agents: Zinc (Zn) Molybdenum (Mo) Phosphorous (P) 

Wear Metal Sources may cause traces of the following metals sources: 

• Titanium (Ti) - Bearings, Plating 

• Chromium (Cr) Rings, Roller/Taper, Bearings, Rods, Plating 

• Iron (Fe) Cylinders, Gears, Rings, Bearings, Housings, Rust 

• Nickel (Ni) Valves, Shafts, Gears, Rings 

• Copper (Cu) Bearings, Bushings, Bronze, Thrust-Washers, Friction Plates, Oil Coolers 

• Silver (Ag) Bearings, Bushings, Plating 

• Aluminum (Al) Pistons, Bearings, Pumps, Thrust-Washers, Dirt 

• Lead (Pb) Bearing Overlays, Grease, Paint 

• Tin (Sn) Bearings, Bushings, Plating, Solder, Coolers  

 

 

Corrective Action Suggestions 

Exceeding Cleanliness Target 

• Monitor system for possible ingression areas (remember if oil is getting out dirt can get in) 

• Check condition of filters (indicator status, PM status, and element micron rating) 

• Offline filtration may be utilized as a temporary solution  

High Water Content 

• Find the source of ingestion 

• Depending on the severity are three options available for corrective action. Before 
considering any of these options the source of water has to be located and corrected 

• Replace the fluid- ensure proper flush and cleaning of the plumbing and reservoir 

• De-watering equipment (Hydac FAM)- dehydration 

• On a smaller scale aqua-micron filters can be used 

Viscosity and Total Acid Number (TAN) 

• Determine if the change has been gradual or sudden 

• If sudden, investigation is required (ie: source of excessive heat) 

• It may be possible to drain and top up - the fluid manufacturer should be consulted  

Spectrographic Analysis 

• For additive issues it may be possible to drain and top up then add additives - contact the 
fluid manufacturer 

• In some cases the wear metal may be generated from the machine in particulate form 

• It is possible to filter the element out provided micron rating of the filter is small enough  

• Important to determine which component is wearing, one test that may be useful is 
"Analytical Ferrography" 
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• Ferrography is a particle identification test, which examines both metallic and non-
metallic particles 

• In some cases the wear metal may be generated from the machine in a dissolved form or 
from the environment  

• One source that can cause this is leaching (chemical reaction usually occurring in areas 
of high heat or pressure. Occurs during a break-in period but will stabilize) 

• Another source may be from a recent repair. Anti-seize compounds (i.e. copper cote), are 
applied to mechanical parts during repairs, which inevitably find their way into the oil. This 
would get dissolved in the oil in small quantities, and would present no problems  

 

 

Documentation 

• Important that all documents are up to date, especially the schematics and bills of 
materials 

• They should be available to people internally and easily available if they need to be sent 
to others for troubleshooting 

 

 


