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ABSTRACT:  It is operationally and environmentally desirable to replace greased bronze bushings used in naviga-
tion lock machinery with self-lubricating bushings. Bronze bushings must be greased manually or with automatic 
lubricating machines. Grease lines are subject to damage from ice and debris. If the grease line breaks, the lubricat-
ing system fails, which may lead to component failure and delays in navigation. Introduction of grease into the river-
ine environment is also a concern. 

The Corps of Engineers has been using self-lubricating bushings in navigation locks for the past 20 years. The pur-
pose of this study was to evaluate mechanical properties and durability of emerging advanced self-lubricating bush-
ing/bearing materials in the laboratory and under field conditions, and to provide additional knowledge, needed 
guidelines, and standard specifications for the proper selection and use of self-lubricating bushing materials for 
locks based on local environmental conditions and applications. The results of accelerated testing of quarter-scale 
model self-lubricating pintle bushings in simulated river are also reported. 

DISCLAIMER:  The contents of this report are not to be used for advertising, publication, or promotional purposes.  
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products.  
All product names and trademarks cited are the property of their respective owners.  The findings of this report are not to be 
construed as an official Department of the Army position unless so designated by other authorized documents. 
DESTROY THIS REPORT WHEN IT IS NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR.
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Conversion Factors 

Non-SI* units of measurement used in this report can be converted to SI units as 
follows: 

Multiply By To Obtain 
degrees (angle) 0.01745329 radians 

degrees Fahrenheit  (5/9) x (°F – 32) degrees Celsius 

inches 0.0254 meters 

pounds (force) per square inch 0.006894757 megapascals 

 

                                                 
*Système International d’Unités (“International System of Measurement”), commonly known as the “metric system.” 
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1 Introduction 

Background 

The purpose of a lubricant is to prevent wear and damage of equipment compo-
nents as they move relative to one another.  Lubricants are broadly classified as 
either fluids or solids.  Fluid lubricants include oils and greases and may be ei-
ther synthetic or natural products.  Solid lubricants are powders or thin films.  
Some solid lubricants, such as molybdenum disulfide, graphite, and zinc oxide, 
are used as additives in conjunction with fluid lubricants.   

Solid lubricants are effective at high loads and speeds and resist deterioration 
over prolonged periods.  They are more stable than fluid lubricants at high tem-
peratures and pressures.  Solid lubricants may simplify design because they do 
not require a means of introducing and sealing them in as do fluid lubricants.  
Solid lubricants, however, have poor self-healing properties relative to fluids as 
well as poor heat dissipation, especially in the case of polymeric bearings.  In 
general, solid-lubricated bearings have a higher coefficient of friction and wear 
than fluid-lubricated bearings. 

Types of solid lubricants include lamellar solids, soft metal films, surface-treated 
metals, and polymers.  Solid lubricants may be used as a powder, bonded coat-
ings, and self-lubricated composites.  Bonded coatings and self-lubricating com-
posites of the metal-solid type are of particular interest to this work. 

Interest in self-lubricated wear components is driven by environmental and eco-
nomic considerations.  Self-lubricated bearings eliminate the undesirable intro-
duction of fluid lubricants into the ecosystem.  Self-lubricated bearings also re-
duce operating costs by eliminating the need for periodic application of the fluid 
lubricant.  For navigation projects, periodic lubrication can be labor intensive 
and greases inevitably are introduced to the riverine environment. 

Short-term laboratory testing of self-lubricated materials has been performed by 
the U.S. Army Corps of Engineers (USACE).  However, the long-term field per-
formance of these products under real-world operating conditions has not been 
evaluated. 
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Objective 

The objectives of this research were to evaluate the field performance of self-
lubricating materials at USACE navigation projects and to compile descriptive 
material and design specifications for these products. 

Approach 

Field performance of self-lubricated components was evaluated empirically by 
surveying USACE field and design personnel.  Materials and design criteria 
were derived from data provided by manufacturers of self-lubricated bushings.  
Field performance and manufacturer data were also compared with the results 
of laboratory research on greaseless bushings in hydropower and navigation ap-
plications. 

Scope 

The results of this investigation apply to Civil Works navigation facilities.  To 
the extent that similarities exist between navigation and other Civil Works in-
stallations, including hydropower and flood control facilities, the information 
contained herein may also be applicable to these other facilities.  It may also ap-
ply to other similar facilities including, but not limited to, those operated by the 
Tennessee Valley Authority and the U.S. Bureau of Reclamation.  
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2 Applications and Product Descriptions 

Applications 

The surveyed navigation installations are using self-lubricated materials for a 
variety of applications including: guide rollers, reaction rollers, and thrust wash-
ers in floating mooring bitts; lock gate guide pins; tainter valve strut arm com-
ponents; sector gear bearings; and pintle bearings.  Some facilities have replaced 
the conventional lower roller assembly of floating mooring bitts with a simple 
self-lubricated guide block assembly. 

Product Descriptions 

Self-lubricating materials (e.g., lamellar solids, soft metal films, surface-treated 
metals, and polymers) may be used as powders, bonded coatings, and self-
lubricated composites.  Bonded coatings and self-lubricating composites of the 
metal-solid type are of particular interest to this work.  Products in use on 
USACE navigation projects were identified and are described below. 

Garlock DU 

Garlock DU is a bonded coating product consisting of a 1-mil film of polytetraflu-
ouroethylene (PTFE) mixed with lead on a porous 10-mil sintered copper-tin 
bronze coating over a steel substrate. 

Tenmat Feroform T814 

Feroform T814 is a self-lubricating composite product consisting of PTFE uni-
formly dispersed in a woven synthetic polyester fabric reinforced thermoset phe-
nolic resin matrix. 

Kamatics KAron V 

KAron V is a bonded polyester coating incorporating PTFE particles.  The coat-
ing is applied at various thicknesses to stainless steel, fiberglass, bronze, tita-
nium, aluminum, phenolic, inconel, and other substrates. 
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Oiles 500 

Oiles 500 bearings are dispersed-powder products consisting of either PTFE or 
graphite plugs in metal alloy substrates. 

Thordon SXL and HPSXL 

Thordon SXL and HPSXL are bonded-coating products consisting of thermoset-
ting elastomeric resin on various backings.  High-pressure TRAXL bearings are 
bronze-backed products coated with SXL or HPSXL. 

Lubrite G10 and G12 

Lubrite G10 and G12 lubricant are epoxy-base graphite-free materials extruded 
into recesses on the bearing surface.  The bearings are available in a variety of 
alloys. 

Lubron AQ30, AQ100, and TF400 

Information has not been provided by the manufacturer.  The Louisville District 
describes TF400 as a PTFE lubricant film on a metal alloy bearing.  

Orkot TXM Marine 

Orkot TXM Marine consists of a medium weave fabric backing impregnated with 
PTFE and lubricated with an evenly dispersed solid film lubricant (molybdenum 
disulphide).  
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3 Product Specifications 

Product data were gathered from two primary sources.  Most of the data were 
reported in CERL Technical Report 99/104, “Greaseless Bushings for Hydro-
power Applications: Program, Testing, and Results” (December 1999).  Materials 
evaluated in this research program include Tenmat Feraform T814, Kamatics 
KAron V, Orkot TXM Marine, Thordon TRAXL SXL and HPSXL, and Lubron 
TF400.  The remainder of the bearing data is compiled from manufacturers’ lit-
erature (Garlock DU and Lubrite G10 and G12).  Coefficients of linear expansion 
are in all cases taken from the manufacturer’s literature. 

The coefficient of friction is perhaps the most important physical property of 
greaseless bushings.  Static and dynamic coefficients of friction, measured under 
dry and wet conditions, are important to determine the friction torque and stick-
slip characteristics of the bearing system.  Stick-slip or “stiction” is caused by the 
difference between static and dynamic coefficients of friction when a system is 
moved from rest.  The more nearly equal the coefficients are, the smoother the 
system will operate, usually even if actual friction is high. 

Other parameters important to system design include load bearing capacities, 
coefficient of liner expansion, and swell.  Properties of these self-lubricating ma-
terials are summarized in Tables 1 through 8.  Appendix B contains manufac-
turers’ literature for the evaluated products. 
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Table 1.  Garlock DU Bearings. 

Attribute Value 
Load Bearing Capacity: Static 36,000 psi 
Load Bearing Capacity: Dynamic 20,000 psi 
Load Bearing Capacity: Compressive 44,000 psi 
Wear Rate: Dry < 0.2 mils/100 hours 
Wear Rate: Wet NA 
Coefficient of Static Friction: Dry 0.02 – 0.20 
Coefficient of Static Friction: Wet NA 
Coefficient of Dynamic Friction: Dry 0.02 – 0.20 
Coefficient of Dynamic Friction: Wet NA 
Delta* Coefficient of Friction: Dry 0 – 0.18 
Delta* Coefficient of Friction: Wet NA 
Coefficient of Linear Expansion: Normal 30 x 10-6/oC 
Coefficient of Linear Expansion: Parallel 11 x 10-6/oC 
Swell: Water NA 
Swell: Oil NA 
* Delta is the difference between static and dynamic coefficients of friction.  All data 
supplied by manufacturer.  Delta values are inferred. 

 
Table 2.  Orkot – TXM Marine. 

Attribute Value 
Load Bearing Capacity: Static 11,600 psi 
Load Bearing Capacity: Dynamic 5800 psi 
Load Bearing Capacity: Compressive Normal to Laminate >40,700 psi 

Parallel to Laminate >13,000 psi 
Wear Rate: Dry 0.199 mils/100 hours 
Wear Rate: Wet 0.504 mils/100 hours 
Coefficient of Static Friction: Dry 0.088 (0.05 to 0.10) 
Coefficient of Static Friction: Wet 0.068 
Coefficient of Dynamic Friction: Dry 0.061 
Coefficient of Dynamic Friction: Wet 0.060 
Delta* Coefficient of Friction: Dry 0.027 
Delta* Coefficient of Friction: Wet 0.028 
Coefficient of Linear Expansion: Normal 90 to 100 x 10-6/oC 
Coefficient of Linear Expansion: Parallel 50 to 60 x 10-6/oC 
Swell: Water Zero (< 0.1%) 
Swell: Oil Zero 
* Delta is the difference between static and dynamic coefficients of friction. 
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Table 3.  Lubron – TF400. 

Attribute Value 
Load Bearing Capacity: Static NA 
Load Bearing Capacity: Dynamic NA 
Load Bearing Capacity: Compressive NA 
Wear Rate: Dry 0.087 mils/100 hours 
Wear Rate: Wet 0.232 mils/100 hours 
Coefficient of Static Friction: Dry 0.072 
Coefficient of Static Friction: Wet 0.059 
Coefficient of Dynamic Friction: Dry 0.059 
Coefficient of Dynamic Friction: Wet 0.049 
Delta* Coefficient of Friction: Dry 0.013 
Delta* Coefficient of Friction: Wet 0.010 
Coefficient of Linear Expansion: Normal NA 
Coefficient of Linear Expansion: Parallel NA 
Swell: Water NA 
Swell: Oil NA 
* Delta is the difference between static and dynamic coefficients of friction. 

 
Table 4.  Kamatics KAron V. 

Attribute Value 
Load Bearing Capacity: Static Metal backed = 67,000 psi 

Composite backed = 33,000 psi 
Load Bearing Capacity: Dynamic Metal backed = 30,000 psi 

Composite backed = 20,000 psi 
Load Bearing Capacity: Compressive NA 
Wear Rate: Dry 1.169 mils/100 hours 
Wear Rate: Wet 0.325 mils/100 hours 
Coefficient of Static Friction: Dry 0.061 
Coefficient of Static Friction: Wet 0.053 
Coefficient of Dynamic Friction: Dry 0.053 
Coefficient of Dynamic Friction: Wet 0.049 
Delta* Coefficient of Friction: Dry 0.008 
Delta* Coefficient of Friction: Wet 0.004 
Coefficient of Linear Expansion: Normal NA 
Coefficient of Linear Expansion: Parallel NA 
Swell: Water + 3 mils 
Swell: Oil Zero 
* Delta is the difference between static and dynamic coefficients of friction. 
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Table 5.  Tenmat Feroform T814. 

Attribute Value 
Load Bearing Capacity: Static NA 
Load Bearing Capacity: Dynamic 8990 psi 
Load Bearing Capacity: Compressive 36,250 psi 
Wear Rate: Dry 0.334 mils/100 hours 
Wear Rate: Wet 0.023 mils/100 hours 
Coefficient of Static Friction: Dry 0.041 
Coefficient of Static Friction: Wet 0.061 
Coefficient of Dynamic Friction: Dry 0.038 
Coefficient of Dynamic Friction: Wet 0.038 
Delta* Coefficient of Friction: Dry 0.003 
Delta* Coefficient of Friction: Wet 0.023 
Coefficient of Linear Expansion: Normal 50 to 100 x 10-6/oC 
Coefficient of Linear Expansion: Parallel 45 to 100 x 10-6/oC 
Swell: Water - 7 mils 
Swell: Oil - 4 mils 
* Delta is the difference between static and dynamic coefficients of friction. 

 
Table 6.  Thordon – SXL. 

Attribute Value 
Load Bearing Capacity: Static NA 
Load Bearing Capacity: Dynamic NA 
Load Bearing Capacity: Compressive NA 
Wear Rate: Dry 0.426 mils/100 hours 
Wear Rate: Wet 0.826 mils/100 hours 
Coefficient of Static Friction: Dry 0.168 
Coefficient of Static Friction: Wet 0.113 
Coefficient of Dynamic Friction: Dry 0.103 
Coefficient of Dynamic Friction: Wet 0.078 
Delta* Coefficient of Friction: Dry 0.065 
Delta* Coefficient of Friction: Wet 0.035 
Coefficient of Linear Expansion: Normal NA 
Coefficient of Linear Expansion: Parallel NA 
Swell: Water NA 
Swell: Oil NA 
* Delta is the difference between static and dynamic coefficients of friction. 
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Table 7.  Thordon – HPSXL. 

Attribute Value 
Load Bearing Capacity: Static NA 
Load Bearing Capacity: Dynamic NA 
Load Bearing Capacity: Compressive NA 
Wear Rate: Dry 0.013 mils/100 hours 
Wear Rate: Wet 0.564 mils/100 hours 
Coefficient of Static Friction: Dry 0.092 
Coefficient of Static Friction: Wet 0.076 
Coefficient of Dynamic Friction: Dry 0.073 
Coefficient of Dynamic Friction: Wet 0.057 
Delta* Coefficient of Friction: Dry 0.019 
Delta* Coefficient of Friction: Wet 0.019 
Coefficient of Linear Expansion: Normal NA 
Coefficient of Linear Expansion: Parallel NA 
Swell: Water + 1 mil 
Swell: Oil Zero 
* Delta is the difference between static and dynamic coefficients of friction. 

 
Table 8.  Lubrite G10 and G12. 

Attribute Value 
Load Bearing Capacity: Static NA 
Load Bearing Capacity: Dynamic 1000 to 8000 psi (depending on bearing metal) 
Load Bearing Capacity: Compressive 13,000 to 180,000 psi (depending on bearing metal) 
Wear Rate: Dry NA 
Wear Rate: Wet NA 
Coefficient of Friction: Range 0.03 – 0.09 
Delta* Coefficient of Friction: Dry NA 
Delta* Coefficient of Friction: Wet NA 
Substrate Substrate 4Coefficient of Linear 
Expansion: 

4 to 7 x 10-6/oC (depending on bearing metal) 

Swell: Water NA 
Swell: Oil NA 
* Delta is the difference between static and dynamic coefficients of friction. All data supplied by manufacturer. 
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4 Field Performance 

This section describes specific applications of self-lubricating bushings, including 
information on products used, application parameters, duration of service, instal-
lation methods, problems, manufacturer support, and product performance. 

Markland Locks and Dam 

Markland Locks and Dam are on the Ohio River in the Louisville District.  The 
upper and lower gates of the 1,200-ft main and 600-ft auxiliary chambers were 
outfitted in September 1992 with self-lubricated vertical and horizontal rack bar 
rollers manufactured by Garlock.  Some of the vertical rollers that receive higher 
loads failed and were replaced shortly after with greased bushings.  No other in-
formation is available on this application. 

Bushings for lock filling and emptying culvert valve trunnion pins, crosshead 
pins, lower connecting rod pins, fulcrum pins, upper strut spindle pins, and 
lower strut pins are self-lubricating.  These bushings are Feroform T814, a stan-
dard product manufactured by Tenmat.  Loads are either 3,500 or 7,000 psi and 
the arc of rotation is 45 degrees.  Hard-chromed 17-4 stainless steel pins were 
shrink fitted using liquid nitrogen.  Bushings were installed in 2000 and 2001.  
The field engineer rates these self-lubricated bushings as excellent and recom-
mends them for similar applications. 

McAlpine Locks and Dam 

McAlpine Locks and Dam are on the Ohio River in the Louisville District.  Lock 
filling and emptying culvert valve trunnion pins are self-lubricating.  These 
bushings are Feroform T814, a standard product manufactured by Tenmat.  
Loads are 7,000 psi and the arc of rotation is 45 degrees.  Hard-chromed 17-4 
stainless steel pins were shrink fit using liquid nitrogen.  Bushings were in-
stalled in February 2000.  The field engineer rates these self-lubricated bushings 
as excellent and recommends them for similar applications. 
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Smithland Locks and Dam 

Smithland Locks and Dam are on the Ohio River in the Louisville District.  Lock 
filling and emptying culvert valve upper strut spindle pins and lower strut pins 
are self-lubricating.  These bushings are Feroform T814, a standard product 
manufactured by Tenmat.  Loads are 3,500 psi and the arc of rotation is 45 de-
grees.  Hard-chromed 17-4 stainless steel pins were shrink fitted using liquid 
nitrogen.  Bushings were installed in 1997, 1998, and 2000.  The field engineer 
rates these self-lubricated bushings as excellent and recommends them for simi-
lar applications. 

Cannelton and Newburgh Locks and Dams 

The Louisville District also reports applications of Tenmat T814 and Thordon 
TRAXL self-lubricating bearings at Cannelton and Newburgh Locks and Dam on 
the Ohio River.  Thordon pintle, gudgeon pin, and strut pin applications were 
installed on one leaf of one lock gate in 1994.  At Cannelton, lock filling and emp-
tying culvert valve trunnion pins, crosshead pins, lower connecting rod pins, ful-
crum pins, upper strut spindle pins, lower strut pins, and hydraulic cylinder 
trunions are self-lubricating using Thordon TRAXL.  This installation dates to 
1992 or 1993.  Cannelton also uses Kamatics crosshead pin and hydraulic cylin-
der trunion bushings on one gate leaf.  At Newburgh, Thordon TRAXL bushings 
are used on the 600-ft lock chamber gate culvert strut spindle pins and lower 
strut pins.  This application dates to 1991.  No other information or ratings are 
available for applications at Cannelton and Newburgh. 

Cascade Locks 

The Cascade Locks are on the Columbia River above Bonneville Dam in the Port-
land District.  The locks use self-lubricating bushings on floating mooring bitts.  
Roller bearings are KAron V manufactured by Kamatics.  The applied load is ap-
proximately 2,500 psi and the arc of rotation 360 degrees.  The number of cycles 
averages about 240 full revolutions per day.  The bearings were installed in 
1997, and no problems have been reported to date.  The District rates the KAron 
V roller bearings as “better” than greased bronze with an overall rating of “excel-
lent.”  Lubron AQ 100 bearings were previously used for this application, but 
were replaced after only 2 years.  Squealing and stick/slip (stiction) were re-
ported as problems.  The District rates the AQ 100 roller bearings as “worse” 
than greased bronze with an overall rating of “poor.”   Thrust washer bearings 
are Tenmat Feroform T814.  The applied load is minimal.  The bearings were 



12 ERDC/CERL SR-04-8 

 

installed in 1997 and no problems have been reported to date.  The District rates 
the Feroform T814 bearings as “better” than greased bronze with an overall rat-
ing of “excellent.”  Floating mooring bitt guide blocks are Tenmat Feroform T814.  
The applied load is about 1,000 psi and the blocks experience about 720 feet of 
linear movement per day.  The blocks were installed in 1997 and no problems 
have been reported to date.  The District rates the T814 guide blocks as “better” 
than greased bronze bushings with an overall rating of “excellent.”   

The Cascade Locks also use self-lubricating Lubron AQ 30 miter gate pin bush-
ings.  The bearings were installed in 1996 by press fitting into a cast-steel hous-
ing.  The approximated load is 2,500 psi and the arc of rotation is 40 degrees.  
The average number of cycles per day is 16.  The District reports a problem with 
squealing and rates the AQ 30 miter gate pin bushings as “worse” than greased 
bronze with an overall rating of “poor.” 

The swing bridge center pivot bearing at Cascade Locks is Lubron TF 400.  The 
applied load is about 2,500 psi and the arc of rotation is 110 degrees.  The aver-
age number of cycles is 16 per day.  The bearing was installed in 1994 and was 
replaced due to wear in 2001.  The District rated wear resistance as fair, but 
considers the product to be better than greased bronze for this application, giv-
ing it an overall rating of only “fair.”  The year 2001 replacement bearing is a 
Kamatics KAron V with a smaller diameter and a somewhat higher load of about 
3,500 psi.  The District reports no problems with the new product.   

John Day Lock and Dam 

The John Day Lock and Dam are on the Columbia River in the Portland District.  
The lock uses self-lubricating bushings on the tainter valve trunnions.  Bushings 
are TXM-Marine manufactured by Orkot.  The applied load is 250 kips and the 
arc of rotation 40 degrees.  The number of cycles averages about 1,000 per day.  
The bearings were installed in 2000 using an adhesive.  The District has not yet 
rated the Orkot bushing for this application. 

Little Goose Lock and Dam 

The Little Goose Lock is on the Snake River in the Portland District.  The Dis-
trict has reportedly used Garlock DU bearings in floating mooring bitts since 
1984.  The installation is an old one and records are sketchy.  The District does 
not report any problems, however, and the bearings continue to function.   
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Colorado River Locks 

The Colorado River Locks are on the Colorado River in the Galveston District.  
The top and bottom hinge pin bushings and thrust washer on the east lock are 
self-lubricating products manufactured by Thordon.  The loads on the top, bot-
tom, and thrust bearings are 285.9 kips, 809.5 kips, and 255.6 kips respectively.  
The arc of rotation is 60 degrees.  Bearings were installed in 1998 and 1999.  Top 
hinge pin bushings and thrust washers are HPSXL, and bottom hinge pin bush-
ings are SXL.  The District rates these self-lubricating products “equal” to 
greased bronze and “good” overall.  Since this rating was assigned, however, the 
upper hinge bushing failed on the North River side sector of the East Lock.  The 
cause of the failure is not known.  The hinge has been temporarily repaired by 
supplying grease between the bushing and pin. 

Locks and Dam No. 27 

Locks and Dam No. 27 is on the Mississippi River in the St. Louis District.  Mi-
ter gate hydraulic cylinder cardanic ring pillow blocks have Oiles 500 bearings 
manufactured by Oiles.  The bearings, installed in 1998, see 60,000 cycles per 
year with a 20-degree arc of rotation.  The District reports no problems and rates 
the bearing performance as “better” than greased bronze with an overall rating 
of “very good.” 

Melvin Price Locks and Dam 

The Melvin Price Locks and Dam are on the Mississippi River in the St. Louis 
District.  The dam’s tainter gate trunnion bushings are Lubrite.  The bushings 
were installed in 1982.  The average number of cycles is estimated at greater 
than 1,000 per year with an 89-degree arc of rotation.  Although the bushings 
have never been inspected, the District rates them “equal” to greased bronze 
bushings with an overall rating of “good.” 

Melvin Price culvert valve pivot bushings are also Lubrite.  The bushings were 
installed in 1992 and see 60,000 cycles per year with a 60-degree arc of rotation.  
Some of the bushings were incorrectly sized and were cut to resize for installa-
tion.  These bushings subsequently failed due to loss of lubricant plugs.  The 
premature failure was not the fault of Lubrite or the bearing.  The correctly sized 
bushings remain in service and are rated “equal” to greased bronze bushings 
with an overall rating of “good.” 
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The lift gate downstream reaction roller bushings at Melvin Price are also Lu-
brite.  The average number of cycles is 60,000 per year with a 360-degree arc of 
rotation.  The bushings were installed in 1988 and the District reports no prob-
lems to date.  The District rates the bushings as “better” than greased bronze 
bushings with an overall rating of “very good.”   

Kentucky Lock 

The Kentucky Lock is on the Tennessee River in the Nashville District.  Eight 
floating mooring bitts have been retrofit with self-lubricating roller bushings.  
Seven of these are TRAXL bushings manufactured by Thordon and one is KAron 
V manufactured by Kamatics.  All of the retrofit mooring bitts use ultra-high mo-
lecular weight polyethylene guide blocks in place of the lower roller assembly.  
The bushings were installed by pressure fitting.  The District has had no prob-
lems with the self-lubricating bushings, and they rate them as “better” than 
greased bronze and “excellent” overall.   

Kentucky Lock also uses Thordon strut pin and sector gear bushings on the 
lower river gates.  No other information is available from the District on this ap-
plication. 

Barkley Lock 

Barkley Lock is on the Cumberland River in the Nashville District.  A number of 
floating mooring bitts have been retrofit with self-lubricating roller bushings 
manufactured by Thordon.  The retrofit mooring bitts use ultra-high molecular 
weight polyethylene guide blocks in place of the lower roller assembly.  The 
bushings were installed by pressure fitting.  The District has had no problems 
with the self-lubricating bushings, and they rate them as “better” than greased 
bronze and “excellent” overall.   

Old Hickory Lock 

Old Hickory Lock is on the Cumberland River in the Nashville District.  A num-
ber of floating mooring bitts have been retrofit with Thordon SXL self-
lubricating roller bushings.  The retrofit mooring bitts use ultra-high molecular 
weight polyethylene guide blocks in place of the lower roller assembly.  The 
bushings were installed by interference freeze fitting using liquid nitrogen.  The 
applied loads on the parallel and perpendicular roller bushings are 17,333 psi 
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and 14,225 psi, respectively.  The arc of rotation is 360 degrees.  The District has 
had no problems with the self-lubricating bushings, and they rate them as “bet-
ter” than greased bronze and “excellent” overall.   

The upper and lower strut pin bearings on the upper gate at Old Hickory are 
Thordon TRAXL.  The District has had no problems with the self-lubricating 
bushings, and they rate them as “better” than greased bronze and “excellent” 
overall. 

Chicago Harbor Lock 

Chicago Harbor Lock is on the Chicago River in the Chicago District.  Lock sector 
gate rollers are equipped with Kamatics KAron V bushings.  Two gates each 
were retrofit in 1998 and 1999.  The bushings experience about 10,000 cycles per 
year with 360-degree arc of rotation.  They were friction fitted and have snap-in 
side seals to prevent silt infiltration and subsequent particulate imbedment.  No 
problems have been encountered in service.  The District rates the bushings as 
“better” than greased bronze and gives them an overall rating of “excellent.” 

Sector gate upper hinge pins at Chicago Harbor Lock are also KAron V.  Two 
gates each were retrofit in 1998 and 1999.  The bushings experience about 
10,000 cycles per year.  No problems have been encountered in service.  The Dis-
trict rates the bushings as “better” than greased bronze and gives them an over-
all rating of “excellent.” 
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5 Olmsted Prototype Field Experiments 

Experimental hydraulic-operated wicket gates were constructed in 1995 at 
Smithland Locks and Dam as a part of the design decision process for the Olm-
sted Locks and Dam project.  Various materials, including greaseless bushings, 
were evaluated as a part of this prototype project.  The wicket gate design was 
not used, but the data gathered on self-lubricating bushings are useful nonethe-
less.   

Five types of self-lubricating bearings were tested and evaluated. Table 9 sum-
marizes the products and their performance as reported by the Louisville Dis-
trict.  According to the District, the Lubron and Thordon products were superior 
in performance, with Lubrite third, Rowend fourth, and Kamatics last. 

Table 9.  Self-lubricating material vs. performance. 

Product Performance 
Lubron Bearing Systems – AQ100 The Lubron bearing showed no wear on either the 

main hinges of the gate or the prop bearing. 
Kamatics – KAron V Kamatics bearing failed dramatically. The inner lu-

bricating material flaked off the housing of the bear-
ing. The manufacturer stated they made a mistake in 
the design of the bearing for the test. The lubricant 
material also flaked off the inside of the prop bearing 
race. 

Lubrite G12, on Bronze Alloy #424, ASTM 
B22-C86300 (manganese bronze) 

Lubrite had begun to lose its inner lubricating sur-
face. 

Thordon SXL TRAXL on bronze – C93200  The bearings were in good condition. 
Rowend R-8 - CDA 8630 (manganese bronze) 
with an inner lubricating material R-8. 

The Rowend bearing experienced severe pitting of 
its base metal due to galvanic corrosion. 
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6 Powertech Laboratory Evaluation of 
Self-Lubricating Pintle Bearings 

The U.S. Army Engineer Research and Development Center-Construction Engi-
neering Research Laboratory (ERDC/CERL) contracted Powertech Labs, Inc. to 
perform scale model accelerated wear tests of navigation lock pintles.  A scale 
model test frame was built to perform accelerated wear tests of current pintle 
bushing configurations, which serve as benchmark references, and on alternative 
self-lubricating pintle bushings.  The experiments simulated the mechanical and 
environmental stresses of a lock miter gate pintle over an anticipated service life 
of 200,000 cycles. 

Products tested were Thordon HPSXL, Tenmat T814, and Kamatics KAron V.  
All three products survived the tests using silt laden river water as the test me-
dium.  

Powertech observed that wear rates and even total displacement should not be 
used as part of the comparison criteria as each pintle/bushing combination is 
unique and the best criteria for assessing performance are friction levels and 
product appearance after the tests and, to a lesser extent, actual wear.  

Based on the appearance and friction criteria, Kamatics KAron V and the Ten-
mat T814 survived the tests with little indication of stress.  Performance levels 
were similar with relation to friction and appearance.  However, Thordon 
HPSXL started showing the initial stages of material breakdown with wear de-
bris observed clumped towards the bushing edge.   

For further information on these laboratory tests, see Attachment 1. 
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7 Field Experience With Self-Lubricating 
Pintle Bearing Materials 

The only self-lubricating bearing material used in an actual pintle application 
was for one of the upper miter gate leafs for Cannelton Lock on the Ohio River, 
Tell City, IN (Louisville District).  The bushing material was Thordon SXL.  Al-
though it performed well, after 8 years of service it was 80 percent eroded and 
was removed and replaced with a similar material.  Figure 1 shows that the 
pintle bushing displayed signs of severe wear and was completely worn away in 
several places.  Note, however, that the pintle was undamaged (Figure 2). 

Table 10 shows typical cost of miter gate pintle bushings materials, as reported 
by manufacturers, along with accelerated wear test results for a simulated 
200,000 open/close cycles (see Attachment 1), and field experience in pintle ap-
plications.  

Table 10.  Pintle busing material costs/performance data (20/24-inch diameter). 

Manufacturer Product 
Cost  

(US $) Material 
Accelerated  

Testing Results* 

Field Experience 
(as of August 

2003) 
Thordon HPSXL 

SXL 
9,000 to 
11,000 

Polyurethane Thordon HPSXL 
survived 200,000 
cycles; clumping of 
wear debris shows 
signs of impending 
breakdown 

Thordon SXL mate-
rial performed well 
up to 7 yr in Ohio 
River (Cannelton 
Lock, Tell City, IN; 
Louisville District); 
80% eroded after 8 
yr 

Tenmat T814 12,000 to 
14,500 

Woven Phenolic Survived 200,000 
cycles; some  
evidence of over-
heating 

None 

Kamatics KAron V 11,500 to 
14,000 

Glass flake epoxy with 
polytetrafluoroethylene 
(PTFE) 

Survived 200,000 
cycles; contact 
areas uniformly 
coated with 
lubricant; bushing 
contact areas 
polished smooth. 

None 

  * Please see Attachment 1. 
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Figure 1.  Self-lubricating pintle bearing with Thordon SXL material 
installed at Cannelton Lock in 1994; removed/replaced in July 2002; 
self-lubricating Thordon SXL material was approximately 80% eroded  
after 8 years. 

 

 
Figure 2.  Pintle that mated with bearing shown in Figure 1 shows very 
little wear after 8 years. 
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8 Self-Lubricated Mechanical 
Components:  Field Performance vs 
Properties 

No correlation was noted between material properties and actual field perform-
ance.  This is not surprising given that the available data are fairly limited.  
There are some inconsistencies such as the unfavorable rating of KAron V by the 
Louisville District in the Olmsted prototype investigation.  Granted the bearing 
did fail.  This product has shown well in laboratory tests, however, and was 
rated excellent by field users.  These discrepancies serve to highlight the relative 
importance of engineering design. 

Another issue is that field ratings are subjective rather than analytical.  For ex-
ample, it is difficult to compare a subjective rating of “good” for a bearing that 
has provided trouble-free service for 18 years versus a bearing rated “excellent” 
after only 2 years of service.  This may in fact merely represent pride in engi-
neering rather than true excellence of performance. 
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9 Conclusions 

Salient Characteristics 

Important characteristics of self-lubricating bushings for navigation projects in-
clude load bearing capacity, wear rate, and coefficients of friction.  Perhaps one 
of the most important characteristics is the difference between static and dy-
namic coefficients of friction.  The smaller the difference in these values, the less 
likely it is that stick-slip will be a problem.  Aside from the properties of the self-
lubricating bushings, engineering design considerations are also important, par-
ticularly specifying proper clearances and mating surfaces. 

Problems Encountered in Service 

Stick-slip phenomena were the most frequently noted problems encountered in 
service.  In one case, a bearing failed in service due to loss of lubricant plugs.  In 
some cases, bearings were replaced due to wear. 

Installation Techniques 

The most common means of installing self-lubricating bushings is by press-
fitting.  Shrinking prior to installation by means of liquid nitrogen is also a com-
mon practice. 

Cost Relative to Greased Bronze Bushings 

Many users reported higher costs for self-lubricating bushings.  In some cases, 
however, equal or lower cost was reported. 
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10 Commercial Availability 

In general, all of the products found in use at USACE navigation facilities are 
commercially available.  In some cases, bushings were not standard items and 
were custom fabricated due to unusual dimensions. 

Engineering Support 

Questionnaire respondents generally provided little information on the issue of 
engineering support from suppliers.  The Portland District indicated that they 
did receive support from Kamatics and Tenmat.  The Louisville District reported 
that Tenmat supplied them with an Microsoft Excel™ spreadsheet design tool.  
Garlock and Orkot both have extensive engineering literature available to cus-
tomers over the Internet.  None of the respondents indicated that engineering 
support was a problem.  Lubrite Technologies reports that they offer technical 
design assistance and have a testing capability.   

Overall Ratings of Products 

It is not possible to rank order self-lubricating bushings in a meaningful manner 
using the available data.  Bearing physical properties data vary in a nonlinear 
fashion.  This fact complicates any simple rating scheme.  It terms of making de-
cisions about specific materials and applications, it is recommended that the 
specifier learn and borrow from the experience of the USACE engineering com-
munity as a whole.  The information compiled herein is a useful starting point 
for those who wish to use self-lubricating products. 

Recommended Products 

Most of the bearings were found to be suitable for most of the applications where 
they have been employed.  Most users reported performance equal to or better 
than greased bronze bushings.  Garlock DU and Kamatics KAron V bushings are 
distinguished by their low coefficients of friction and smaller than average dif-
ferences between static and dynamic coefficients of friction.  Garlock and Orkot 
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provide extensive engineering data on their websites.  The specification and en-
gineering of other product installations requires significant input from the 
manufacturer.  Garlock provides enough information to specify and design an 
installation without input from the supplier.  This is beneficial to the extent that 
product selection is based on unbiased data rather than sales engineering.  Al-
though user experience is limited for Garlock DU, this product is highly recom-
mended because of its properties, engineering data, and materials.  Tenmat 
Feroform T814 and Kamatics KAron V are also highly recommended because of 
their properties and the extensive positive field experience with these products.  
Tenmat also provides a software design program.  Thordon TRAXL bearings are 
also recommended.  Lubrite products have been used with uniform success.  Lim-
ited field data are available at this time on the use of Orkot products within 
USACE. 
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Appendix A: Questionnaires on Self-
Lubricating Bushings 

*** Please submit a separate Questionnaire for each application at each installation *** 
ATTRIBUTE INFORMATION 
Project Name/Location Bonneville Navigation Lock, Cascade Locks, Oregon 
Name/Title/Phone Number of Contact Ron Wridge, Mechanical Engineer 

(503) 808-4927 
Application Floating Mooring Bitt Guide Blocks 
Bearing Manufacturer Tenmat 
Specific Product Installed Feroform T814 
Size of Bearing (length/diameter) 8"x 8" 
Thickness  1" 
Applied Load (if known) ~1,000 psi 
Arc of Rotation (degrees) N/A 
Number of Cycles ~720 feet of linear travel/day 
River Water Conditions Fresh water with minimal contaminates  
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Custom 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

More 

Date Installed 1997 
Length of Service (years/months) 4 years 
How Installed 
 

Bolted to floating mooring bitt 

Mating Surface Stainless Steel 
Surface Finish ~125 
Ease of Machining Data Not Available 
Problems During Installation 
 

None 

Engineering Support From Supplier Yes 
Ease of Installation Data Not Available 
Wear Resistance Good for the mating surface’s poor finish 
Debris Imbedment or Contamination  
Last Inspected Data Not Available 
Inspection Method Data Not Available 
Inspection Results Data Not Available 
Problems Encountered in Service 
 

None 
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ATTRIBUTE INFORMATION 
Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Better 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Excellent 

Would you recommend this product for a 
similar application? 

Yes 

Additional Comments 
 
 
 
 

The floating mooring bitts continue to operate as intended with no 
operational or maintenance issues. 

 
*** Please submit a separate Questionnaire for each application at each installation *** 

ATTRIBUTE INFORMATION 
Project Name/Location Bonneville Navigation Lock, Cascade Locks, Oregon 
Name/Title/Phone Number of Contact Ron Wridge, Mechanical Engineer 

(503) 808-4927 
Application Floating Mooring Bitt Rollers 
Bearing Manufacturer Kamatics 
Specific Product Installed KAron V 
Size of Bearing (length/diameter) 5" I.D. 
Thickness 0.625" 
Applied Load (if known) ~2,500 psi 
Arc of Rotation (degrees) 360 
Number of Cycles 240 revolutions/day 
River Water Conditions Not applicable, bearing out of water 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Custom 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

More 

Date Installed  1997 
Length of Service (years/months) 4 years 
How Installed 
 
 

Data Not Available 

Mating Surface 300 series Stainless Steel with chrome overlay 
Surface Finish  8 
Ease of Machining Data Not Available 
Problems During Installation 
 

Data Not Available 

Engineering Support From Supplier Yes 
Ease of Installation Data Not Available 
Wear Resistance Excellent 
Debris Imbedment or Contamination Data Not Available 
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ATTRIBUTE INFORMATION 
Last Inspected Data Not Available 
Inspection Method Data Not Available 
Inspection Results 
 
 
 

Data Not Available 

Problems Encountered in Service 
 
 
 

None 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Better 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Excellent 

Would you recommend this product for a 
similar application? 

Yes 

Additional Comments 
 
 
 
 

Rollers continue to operate as intended with no operational or main-
tenance issues. 

 
*** Please submit a separate Questionnaire for each application at each installation *** 

ATTRIBUTE INFORMATION 
Project Name/Location Bonneville Navigation Lock, Cascade Locks, Oregon 
Name/Title/Phone Number of Contact Ron Wridge, Mechanical Engineer 

(503) 808-4927 
Application Floating Mooring Bitt Rollers 
Bearing Manufacturer Lubron 
Specific Product Installed AQ 100 
Size of Bearing (length/diameter) 5" I.D. 
Thickness 0.625" 
Applied Load (if known) ~2,500 psi 
Arc of Rotation (degrees) 360 
Number of Cycles 240 revolutions/day 
River Water Conditions Not applicable, bearing out of water 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Custom 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

More 

Date Installed  1995 
Length of Service (years/months) 2 years 
How Installed 
 

Press fit into stainless steel roller 
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ATTRIBUTE INFORMATION 
Mating Surface 300 series Stainless Steel 
Surface Finish 63 
Ease of Machining Data Not Available 
Problems During Installation 
 

Data Not Available 

Engineering Support From Supplier Yes 
Ease of Installation Data Not Available 
Wear Resistance Data Not Available 
Debris Imbedment or Contamination Data Not Available 
Last Inspected Data Not Available 
Inspection Method Data Not Available 
Inspection Results 
 
 
 

Data Not Available 

Problems Encountered In Service 
 
 
 

Squealing and stick/slip operation 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Worse 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Poor/unsatisfactory 

Would you recommend this product for a 
similar application? 

No 

Additional Comments 
 
 
 
 

Bearing squealed and exhibited stick/slip once the brake-in grease 
had dissipated.  The rollers were replaced in 1997 with a new design 
and different self-lubricating material. 

 
*** Please submit a separate Questionnaire for each application at each installation *** 

ATTRIBUTE INFORMATION 
Project Name/Location Bonneville Navigation Lock, Cascade Locks, Oregon 
Name/Title/Phone Number of Contact Ron Wridge, Mechanical Engineer 

(503) 808-4927 
Application Floating Mooring Bitt Thrust Washers 
Bearing Manufacturer Tenmat 
Specific Product Installed Feroform T814 
Size of Bearing (length/diameter) 5" I.D. and 7 ½" O.D. 
Thickness 3/8" 
Applied Load (if known) Minimal 
Arc of Rotation (degrees) N/A 
Number of Cycles N/A 
River Water Conditions Not in the water  
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ATTRIBUTE INFORMATION 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Custom 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

More 

Date Installed 1997 
Length of Service (years/months) 4 years 
How Installed 
 
 

 

Mating Surface Stainless Steel 
Surface Finish 32 
Ease of Machining  
Problems During Installation 
 

 

Engineering Support From Supplier Yes 
Ease of Installation Data Not Available 
Wear Resistance Data Not Available 
Debris Imbedment or Contamination Data Not Available 
Last Inspected Data Not Available 
Inspection Method Data Not Available 
Inspection Results 
 
 
 

Data Not Available 

Problems Encountered in Service 
 
 
 

None 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Better 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Excellent 

Would you recommend this product for a 
similar application? 

Yes 

Additional Comments 
 
 
 
 

The floating mooring bitts continue to operate as intended with no 
operational or maintenance issues. 
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*** Please submit a separate Questionnaire for each application at each installation *** 
ATTRIBUTE INFORMATION 
Project Name/Location Bonneville Navigation Lock, Cascade Locks, Oregon 
Name/Title/Phone Number of Contact Ron Wridge, Mechanical Engineer 

(503) 808-4927 
Application Miter Gate Pin Bushings 
Bearing Manufacturer Lubron 
Specific Product Installed Lubron AQ 30 
Size of Bearing (length/diameter) Upper – Length 12", 11.25" ID 

Lower – Length 5 5/8", 5.2" ID 
Thickness Upper, 0.875"    Lower, 0.625" 
Applied Load (if known) ~2,500 psi 
Arc of Rotation (degrees) 40 
Number of Cycles 16/day 
River Water Conditions Not applicable, bearing out of water 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Custom 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

More 

Date Installed 1996 
Length of Service (years/months) 5 years 
How Installed 
 
 

Press fit into cast steel housing 

Mating Surface Stainless Steel 
Surface Finish 63 
Ease of Machining  
Problems During Installation Tight Tolerances 
Engineering Support From Supplier Yes 
Ease of Installation Data Not Available 
Wear Resistance Data Not Available 
Debris Imbedment or Contamination Data Not Available 
Last Inspected None 
Inspection Method  
Inspection Results 
 
 
 

Data Not Available 

Problems Encountered in Service 
 
 
 

Squealing of Joint 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Worse 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Poor/unsatisfactory 
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ATTRIBUTE INFORMATION 
Would you recommend this product for a 
similar application? 

No 

Additional Comments 
 
 
 
 

Bearing squeals once the brake-in grease has dissipated. 

 
*** Please submit a separate Questionnaire for each application at each installation *** 

ATTRIBUTE INFORMATION 
Project Name/Location Bonneville Navigation Lock, Cascade Locks Oregon 
Name/Title/Phone Number of Contact Ron Wridge, Mechanical Engineer 

(503) 808-4927 
Application Swing Bridge Center Pivot Bearing 
Bearing Manufacturer Lubron 
Specific Product Installed TF400  
Size of Bearing (length/diameter) 60" spherical  
Thickness ~0.060 PTFE with fiberglass backing 
Applied Load (if known) ~2,500 psi 
Arc of Rotation (degrees) 110 
Number of Cycles 16/day 
River Water Conditions Not applicable 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Custom 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

More 

Date Installed  March 1994 
Length of Service (years/months) 7 years 
How Installed 
 
 

 

Mating Surface   304 stainless steel 
Surface Finish  16 
Ease of Machining Moderate 
Problems During Installation 
 

None 

Engineering Support From Supplier Yes 
Ease of Installation  
Wear Resistance Fair 
Debris Imbedment or Contamination None 
Last Inspected March 2001 
Inspection Method Periodically analyze wear debris for fiberglass 
Inspection Results Fiberglass bundles mixed in wear debris after 6 ½ years of use. 
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Problems Encountered in Service 
 
 
 

None 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Better 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Fair 

Would you recommend this product for a 
similar application? 

No 

Additional Comments 
 
 
 
 

A replacement bearing utilizing an improved design was installed in 
March 2001. 

 
*** Please submit a separate Questionnaire for each application at each installation *** 

ATTRIBUTE INFORMATION 
Project Name/Location Bonneville Navigation Lock, Cascade Locks, Oregon 
Name/Title/Phone Number of Contact Ron Wridge, Mechanical Engineer 

(503) 808-4927 
Application Swing Bridge Center Pivot Bearing 
Bearing Manufacturer Kamatics 
Specific Product Installed KAron V  
Size of Bearing (length/diameter) 50 inch spherical  
Thickness 0.040 self-lubricating liner thickness 
Applied Load (if known) ~3,500 psi 
Arc of Rotation (degrees) 110 
Number of Cycles 16/day 
River Water Conditions Not applicable 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Custom 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

More 

Date Installed March 2001 
Length of Service (years/months) 2 months 
How Installed 
 
 

 

Mating Surface 17-4 PH, H900 
Surface Finish 16 
Ease of Machining Moderate 
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ATTRIBUTE INFORMATION 
Problems During Installation 
 

None 

Engineering Support From Supplier Yes 
Ease of Installation  
Wear Resistance Excellent  
Debris Imbedment or Contamination None 
Last Inspected March 2001 
Inspection Method Wear indication pins (continuity check across bearing)  
Inspection Results 
 
 
 

New bearing, no results yet 

Problems Encountered In Service 
 
 
 

TBD 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

TBD 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

TBD 

Would you recommend this product for a 
similar application? 

TBD 

Additional Comments 
 
 
 
 

New bearing  

 
*** Please submit a separate Questionnaire for each application at each installation *** 

ATTRIBUTE INFORMATION 
Project Name/Location Bonneville Navication Lock, Cascade Locks, Oregon 
Name/Title/Phone Number of Contact Kevin Perletti, Mechanical Engineer 

(541) 374-4572 
Application Tainter Valve Connecting Rod Slide Bushings 
Bearing Manufacturer Lubron 
Specific Product Installed Lubron AQ 30 
Size of Bearing (length/diameter) Length 10",  6" ID 
Thickness 0.625" 
Applied Load (if known)  
Arc of Rotation (degrees) Not Applicable, Use for sliding2 
Number of Cycles 16 
River Water Conditions Moderate silt,  clams 
Commercial Availability (standard manu-
facturer product, custom item, no longer 

Custom 
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ATTRIBUTE INFORMATION 
available) 
Installed Cost Relative to Bronze Bushing 
(more, less, same) 

More 

Date Installed  1993 
Length of Service (years/months) 8 
How Installed 
 
 

Force fit, FN2 

Mating Surface 17400 PH 
Surface Finish 63 
Ease of Machining  
Problems During Installation 
 

 

Engineering Support From Supplier  
Ease of Installation  
Wear Resistance  
Debris Imbedment or Contamination  
Last Inspected   
Inspection Method Removal of connecting rods  
Inspection Results 
 
 
   

Never inspected 

Problems Encountered in Service 
 
 
 

None 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Same 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Very good 

Would you recommend this product for a 
similar application? 

Yes 

Additional Comments 
 
 
 
 

No known problems to date 
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*** Please submit a separate Questionnaire for each application at each installation *** 
ATTRIBUTE INFORMATION 
Project Name/Location Bonneville Navigation Lock, Cascade Locks, Oregon 
Name/Title/Phone Number of Contact Kevin Perletti, Mechanical Engineer 

(541) 374-4572 
Application Tainter Valve Trunnion Bushings 
Bearing Manufacturer Lubron  
Specific Product Installed Lubron AQ 30 
Size of Bearing (length/diameter) Length 20",  15" ID 
Thickness 0.75" 
Applied Load (if known)  
Arc of Rotation (degrees) 52 
Number of Cycles 16 
River Water Conditions Moderate silt, clams 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Custom 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

More 

Date Installed 1993 
Length of Service (years/months) 8 
How Installed 
 
 

Force fit 

Mating Surface A668 
Surface Finish 63 
Ease of Machining Data Not Available 
Problems During Installation 
 

Data Not Available 

Engineering Support From Supplier Data Not Available 
Ease of Installation Data Not Available 
Wear Resistance Data Not Available 
Debris Imbedment or Contamination Data Not Available 
Last Inspected 1994 
Inspection Method Removal of Trunnion pins  
Inspection Results 
 
 
 

Corrosion was occurring on pins. Pin material was changed in 1994 
from 668 to 8620 

Problems Encountered in Service 
 
 
 

Corrosion between A668 and Lubron bushing.  Pin material replaced. 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Same 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Good 
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ATTRIBUTE INFORMATION 
Would you recommend this product for a 
similar application? 

Yes with correct pin material 

Additional Comments 
 
 
 
 

 None 

 
*** Please submit a separate Questionnaire for each application at each installation *** 

ATTRIBUTE INFORMATION 
Project Name/Location John Day Lock & Dam, Columbia River, OR-WA 
Name/Title/Phone Number of Contact Mike Colesar, Mechanical Engineer, 541-298-7567 
Application Navlock tainter valve trunnion bushings 
Bearing Manufacturer Orkot 
Specific Product Installed TXM-Marine 
Size of Bearing (length/diameter) 14" ID x 20" long, 2 bushings per valve  
Thickness 0.84" 
Applied Load (if known) 250 kip 
Arc of Rotation (degrees) 40 
Number of Cycles 1,000 
River Water Conditions Data Not Available 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Standard material, custom machined 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

Same 

Date Installed  June 2000 
Length of Service (years/months) 1 year 
How Installed 
 
 

Adhesive 

Mating Surface 17-4 PH SS 
Surface Finish 32 
Ease of Machining Fairly hard 
Problems During Installation 
 

 

Engineering Support From Supplier Data Not Available 
Ease of Installation Data Not Available 
Wear Resistance Data Not Available 
Debris Imbedment or Contamination Data Not Available 
Last Inspected Data Not Available 
Inspection Method Data Not Available 
Inspection Results 
 

Data Not Available 
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ATTRIBUTE INFORMATION 
Problems Encountered In Service 
 
 
 

Data Not Available 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

TBD 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

TBD 

Would you recommend this product for a 
similar application? 

TBD 

Additional Comments 
 
 
 
 

None 

 
*** Please submit a separate Questionnaire for each application at each installation *** 

ATTRIBUTE INFORMATION 
Project Name/Location Little Goose, Dayton, WA 
Name/Title/Phone Number of Contact Phil Rider, 509-399-2233 
Application Floating Mooring Bits 
Bearing Manufacturer Garlock 
Specific Product Installed Garlock "DU" bearings 
Size of Bearing (length/diameter) Data Not Available 
Thickness Data Not Available 
Applied Load (if known) Data Not Available 
Arc of Rotation (degrees) Data Not Available 
Number of Cycles Data Not Available 
River Water Conditions Probably silty most of the year 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Garlock could still have some records. 

Installed Cost relative to Bronze Bushing 
(more, less, same) 

Data Not Available 

Date Installed August 1984 
Length of Service (years/months) Approx 18 years 
How Installed 
 
 

Nothing found on installation process, prints, or contracts. 

Mating Surface Data Not Available 
Surface Finish Data Not Available 
Ease of Machining Data Not Available 
Problems During Installation 
 

Data Not Available 

Engineering Support From Supplier Supplier was Garlock. Wayne John was the Project Engineer. 
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ATTRIBUTE INFORMATION 
Ease of Installation Data Not Available 
Wear Resistance Appeared to be good. 
Debris Imbedment or Contamination Silt. 
Last Inspected Approx. 1994 or 5 (mooring bitt pulled because of other problem) 
Inspection Method Visual if problem reported (no problems reported) 
Inspection Results 
 
 
 

Didn’t appear to be any major problems. They were a little tight be-
cause of silt, if I remember correct, but did move. 

Problems Encountered in Service 
 
 
 

None as yet 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Appears to be doing good. 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

We have had no problems with the mooring bitts. 

Would you recommend this product for a 
similar application? 

It did seem to be in pretty good shape. 

Additional Comments 
 
 
 
 

We had a bitt sinking, which was unrelated but while it was out we 
did some inspections and repairs (i.e., gaskets, anode replacement, 
guide repair, etc.). 
Mech. Foreman in 84 was Ken Weeks and the Project Engineer was 
Wayne John. 
I could not find any prints other than orig. inst. –LGN-1-5-10/1&2  

 
*** Please submit a separate Questionnaire for each application at each installation *** 

ATTRIBUTE INFORMATION 
Project Name/Location Barkley Lock – Nashville District 
Name/Title/Phone Number of Contact Rick Williams – 615-736-7824 
Application Floating mooring bitt rollers 
Bearing Manufacturer Data Not Available 
Specific Product Installed Data Not Available 
Size of Bearing (length/diameter) Data Not Available 
Liner Thickness Data Not Available 
Applied Load and Pressure Data Not Available 
Arc of Rotation (degrees) Data Not Available 
Number of Cycles Data Not Available 
River Water Conditions Data Not Available 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Data Not Available 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

Data Not Available 

Date Installed  Data Not Available 
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Length of Service (years/months) Data Not Available 
How Installed 
 
 

Data Not Available 

Mating Surface   Data Not Available 
Surface Finish Data Not Available 
Ease of Machining Data Not Available 
Problems During Installation 
 

Data Not Available 

Engineering Support From Supplier Data Not Available 
Ease of Installation Data Not Available 
Wear Resistance Data Not Available 
Debris Imbedment or Contamination Data Not Available 
Last Inspected Data Not Available 
Inspection Method Data Not Available 
Inspection Results 
 
 
 

Data Not Available 

Problems Encountered In Service 
 
 
 

Data Not Available 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Data Not Available 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Data Not Available 

Would you recommend this product for a 
similar application? 

Data Not Available 

Additional Comments 
 
 
 
 

Data Not Available 
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*** Please submit a separate Questionnaire for each application at each installation *** 
ATTRIBUTE INFORMATION 
Project Name and Location: Rehabilitate East and West Locks, Colorado River Locks 
Name and Phone Number of Contact: Simon DeSoto – 979-863-2318 (office) - 979-863-2127 (fax) 
Bearing Manufacturer: Thordon Bearings, Inc. 
Specific Bearing Product (Company Name, 
etc.):   

Upper Bushing - HPSXL on Bronze 
Lower Bushing - SXL on Bronze 
Top Thrust Washer - SXL on Bronze  
Lower Thrust Washer - HPSXL on Bronze 

Where Used, (Ex:  “mooring bitt bushings”): Top and Bottom Hinge Pin Bushings and Middle Thrust Washer 
on the East Lock-West Gate and East Lock-East Gate 

Size of bearing, (Ex:  “3.5" I.D. x 2.5" Long”): Top Bushing - 10.0124" I.D. X 10" long 
Bottom Bushing - 12.0156" I.D. X 25.75" long 
Thrust Washer - 12.0156" I.D. X 24" O.D. X 0.75" thick 

Applied load, if known: Top Bushing  285.9 kips 
Bottom Bushing  809.5 kips 
Thrust Washer  255.6 kips 

Date installed: East Lock - West Gate  June 1998 
East Lock - East Gate  February 1999 

Length of service, in Years and Months: East Lock – West Gate – 2 years and 8 months 
East Lock – East Gate – 2 years 

Arc of Rotation, in Degrees: 60 degrees 
Number of Cycles to date (or to failure, if failed).  
Give best estimate: 

East Lock – West Gate – 100,000 cycles 
East Lock – East Gate – 36,000 cycles 

Problems encountered: a. During Installation 
Vibration initially noted on 1 (East Lock, West Gate, North Sec-
tor) of 4 sectors.  Vibration eventually subsided after approxi-
mately 2 - 4 weeks; suspect bushings finally seated. 
b. In service 
The upper hinge bushing failed on the North River side sector 
of the East Lock (January 2004).  The cause for failure is not 
known.  The hinge has been temporarily repaired by supplying 
grease between the bushing and pin. 
c. Engineering Support from bearing manufacturer 
None 

Bearing Performance: 
a. Relative to greased bronze: 

1) Better than 
2) Equal to 
3) Poorer than 
4) Much poorer than 

b. Overall rating as a bearing: 
1) Outstanding 
2) Very Good 
3) Good 
4) Poor 
5) Totally Unsatisfactory 
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*** Please submit a separate Questionnaire for each application at each installation *** 
ATTRIBUTE INFORMATION 
Project Name/Location Kentucky Lock – Nashville District 
Name/Title/Phone Number of Contact Rick Williams – 615-736-7824 
Application Sector Gear  
Bearing Manufacturer Thordon 
Specific Product Installed  
Size of Bearing (length/diameter) L=7.25 inch, ID=12.500 inch 
Liner Thickness  
Applied Load and Pressure  
Arc of Rotation (degrees)  
Number of Cycles  
River Water Conditions Dry 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

 

Date Installed   
Length of Service (years/months)  
How Installed 
 
 

 

Mating Surface    
Surface Finish  
Ease of Machining  
Problems During Installation 
 

 

Engineering Support From Supplier  
Ease of Installation  
Wear Resistance  
Debris Imbedment or Contamination  
Last Inspected  
Inspection Method  
Inspection Results 
 
 

 

Problems Encountered in Service 
 
 
 

 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

 

Would you recommend this product for a 
similar application? 
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ATTRIBUTE INFORMATION 
Additional Comments 
 
 
 
 

 

 
*** Please submit a separate Questionnaire for each application at each installation *** 

ATTRIBUTE INFORMATION 
Project Name/Location Kentucky Lock – Nashville District 
Name/Title/Phone Number of Contact Rick Williams – 615-736-7824 
Application Strut Pins 
Bearing Manufacturer Thordon 
Specific Product Installed Data Not Available 
Size of Bearing (length/diameter) Data Not Available 
Liner Thickness Data Not Available 
Applied Load and Pressure Data Not Available 
Arc of Rotation (degrees) Data Not Available 
Number of Cycles Data Not Available 
River Water Conditions Data Not Available 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Data Not Available 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

Data Not Available 

Date Installed  Data Not Available 
Length of Service (years/months) Data Not Available 
How Installed 
 
 

Data Not Available 

Mating Surface Data Not Available 
Surface Finish Data Not Available 
Ease of Machining Data Not Available 
Problems during Installation 
 

Data Not Available 

Engineering Support from Supplier Data Not Available 
Ease of Installation Data Not Available 
Wear Resistance Data Not Available 
Debris Imbedment or Contamination Data Not Available 
Last Inspected Data Not Available 
Inspection Method Data Not Available 
Inspection Results 
 
 
 

Data Not Available 
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ATTRIBUTE INFORMATION 
Problems Encountered in Service 
 
 
 

Data Not Available 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Data Not Available 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Data Not Available 

Would you recommend this product for a 
similar application? 

Data Not Available 

Additional Comments 
 
 
 
 

Data Not Available 

 
*** Please submit a separate Questionnaire for each application at each installation *** 

ATTRIBUTE INFORMATION 
Project Name/Location Kentucky Lock – Nashville District 
Name/Title/Phone Number of Contact Rick Williams – 615-736-7824 
Application Floating mooring bitt rollers 
Bearing Manufacturer Thordon (7); Kamatics (1) 
Specific Product Installed Thordon TRAXL; KAron V (on 304 or 316 stainless steel) 
Size of Bearing (length/diameter) ?? ; parallel rollers L=1.50 inch, ID=2.75 inch and perpendicular roller 

L=3.00 inch, ID=2.00 inch 
Liner Thickness ??; 0.040 inch minimum 
Applied Load and Pressure Data Not Available 
Arc of Rotation (degrees) 360 
Number of Cycles Data Not Available 
River Water Conditions Data Not Available 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Data Not Available 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

Data Not Available 

Date Installed  Data Not Available 
Length of Service (years/months) Data Not Available 
How Installed 
 
 

Pressure fitted 

Mating Surface 304 or 316 stainless 
Surface Finish 32 RMS or better (shafts) 
Ease of Machining  
Problems During Installation 
 

Data Not Available 
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ATTRIBUTE INFORMATION 
Engineering Support From Supplier Data Not Available 
Ease of Installation Data Not Available 
Wear Resistance Data Not Available 
Debris Imbedment or Contamination Data Not Available 
Last Inspected Data Not Available 
Inspection Method Data Not Available 
Inspection Results 
 
 
 

Data Not Available 

Problems Encountered in Service 
 
 
 

Data Not Available 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Data Not Available 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Data Not Available 

Would you recommend this product for a 
similar application? 

Data Not Available 

Additional Comments 
 
 
 
 

None 

 
*** Please submit a separate Questionnaire for each application at each installation *** 

ATTRIBUTE INFORMATION 
Project Name/Location Melvin Price Locks / Mississippi River – Alton, IL 
Name/Title/Phone Number of Contact Walter Wagner / 314-331-8272 
Application Lift Gate Downstream Reaction Rollers 
Bearing Manufacturer Lubrite Technologies.,  Hanover, MA 
Specific Product Installed ASTM B148, C95500, Type G10 internal surface lubrited 
Size of Bearing (length/diameter) 12.5" long x 8" OD x 6.5" ID (nominal) 
Thickness 0.711" thick 
Applied Load (if known) Data Not Available 
Arc of Rotation (degrees) 360 
Number of Cycles 60,000 per year 
River Water Conditions Silt, chemicals, etc. 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Standard manufactured product 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

N.A. 

Date Installed 1988 
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Length of Service (years/months) 13 years 
How Installed 
 
 

Construction Contractor 

Mating Surface A668, Class H, 200 BHN (min.) 
Surface Finish 125 
Ease of Machining N.A. 
Problems During Installation 
 

N.A. 

Engineering Support From Supplier N.A. 
Ease of Installation N.A. 
Wear Resistance N.A. 
Debris Imbedment or Contamination N.A. 
Last Inspected Never 
Inspection Method N.A. 
Inspection Results 
 
 
 

N.A. 

Problems Encountered in Service 
 
 
 

None to date. 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Better 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Very good 

Would you recommend this product for a 
similar application? 

Yes 

Additional Comments 
 
 
 
 

None 

 
*** Please submit a separate Questionnaire for each application at each installation *** 

ATTRIBUTE INFORMATION 
Project Name/Location Old Hickory Lock – Nashville District 
Name/Title/Phone Number of Contact Rick Williams – 615-736-7824 
Application Floating mooring bitt rollers 
Bearing Manufacturer Thordon 
Specific Product Installed Thordon SXL 
Size of Bearing (length/diameter) Parallel rollers L=2.983 inch, OD=2.896 inch 

Perpendicular roller L=2.796, OD=3.901 inch 
Liner Thickness  



ERDC/CERL SR-04-8 45 

 

ATTRIBUTE INFORMATION 
Applied Load and Pressure Parallel rollers 130,000 pounds and 17,333.33 PSI 

Perpendicular roller 130,000 pounds and 14,224.751 PSI 
Arc of Rotation (degrees) 360 
Number of Cycles Data Not Available 
River Water Conditions Data Not Available 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Data Not Available 

Installed Cost relative to Bronze Bushing 
(more, less, same) 

Data Not Available 

Date Installed   Data Not Available 
Length of Service (years/months) Data Not Available 
How installed 
 
 

Interference freeze fit 

Mating Surface   Stainless steel 
Surface Finish  Data Not Available 
Ease of Machining Data Not Available 
Problems During Installation 
 

Data Not Available 

Engineering Support From Supplier Data Not Available 
Ease of Installation Data Not Available 
Wear Resistance Data Not Available 
Debris Imbedment or Contamination Data Not Available 
Last Inspected Data Not Available 
Inspection Method Data Not Available 
Inspection Results 
 
 
 

Data Not Available 

Problems Encountered in Service 
 
 
 

Data Not Available 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Data Not Available 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Data Not Available 

Would you recommend this product for a 
similar application? 

Data Not Available 

Additional Comments 
 
 
 
 

None 
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*** Please submit a separate Questionnaire for each application at each installation *** 
ATTRIBUTE INFORMATION 
Project Name/Location Old Hickory – Nashville District 
Name/Title/Phone Number of Contact Rick Williams – 615-736-7824 
Application Strut Pin Bearings, Upper and Lower 
Bearing Manufacturer Thordon 
Specific Product Installed Thordon TRAXL on ASTM B148 Bronze 
Size of Bearing (length/diameter) Upper L=6.5 inch, ID=9.011 inch 

Lower L=4.5 inch, ID=4.006 inch 
Liner Thickness 0.125 inch 
Applied Load and Pressure Data Not Available 
Arc of Rotation (degrees) Data Not Available 
Number of Cycles Data Not Available 
River Water Conditions Data Not Available 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Data Not Available 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

Data Not Available 

Date Installed  Data Not Available 
Length of Service (years/months) Data Not Available 
How Installed 
 
 

Data Not Available 

Mating Surface   Data Not Available 
Surface Finish Data Not Available 
Ease of Machining Data Not Available 
Problems During Installation 
 

Data Not Available 

Engineering Support From Supplier Data Not Available 
Ease of Installation Data Not Available 
Wear Resistance Data Not Available 
Debris Imbedment or Contamination Data Not Available 
Last Inspected Data Not Available 
Inspection Method Data Not Available 
Inspection Results 
 
 
 

Data Not Available 

Problems Encountered in Service 
 
 
 

Data Not Available 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Data Not Available 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Data Not Available 
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ATTRIBUTE INFORMATION 
Would you recommend this product for a 
similar application? 

Data Not Available 

Additional Comments 
 
 
 
 

None 

 
*** Please submit a separate Questionnaire for each application at each installation *** 

ATTRIBUTE INFORMATION 
Project Name/Location Melvin Price Locks / Mississippi River – Alton, IL 
Name/Title/Phone Number of Contact Walter Wagner / 314-331-8272 
Application Culvert Valve Pivot Bushings 
Bearing Manufacturer Lubrite Technologies,  Hanover, MA 
Specific Product Installed ASTM B148, C95500, Type G10 internal surface lubrited 
Size of Bearing (length/diameter) 21" long x 9" OD x 8" ID (nominal) 
Thickness 0.5" thick 
Applied Load (if known)  
Arc of Rotation (degrees) 60 
Number of Cycles 60,000 per year 
River Water Conditions Silt, chemicals, etc. 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Standard manufactured product 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

More 

Date Installed 1992 
Length of Service (years/months) 9 years 
How Installed 
 
 

Hired Labor 

Mating Surface   A668, Class J 
Surface Finish 32 
Ease of Machining N.A. 
Problems During Installation 
 

None 

Engineering Support From Supplier N.A. 
Ease of Installation Data Not Available 
Wear Resistance N.A. 
Debris Imbedment or Contamination N.A. 
Last Inspected Never 
Inspection Method N.A. 
Inspection Results 
 

N.A. 
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ATTRIBUTE INFORMATION 
 
 
Problems Encountered in Service 
 
 
 

Loss of lubricant plugs 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Worse 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Poor 

Would you recommend this product for a 
similar application? 

No 

Additional Comments 
 
 
 
 

The field assembly crew determined that the dimensions were incor-
rect.  The cut through some of the lubricant holes, which caused a 
loss of lubricant.   

 
*** Please submit a separate Questionnaire for each application at each installation *** 

ATTRIBUTE INFORMATION 
Project Name/Location Melvin Price Locks / Mississippi River – Alton, IL 
Name/Title/Phone Number of Contact Walter Wagner / 314-331-8272 
Application Culvert Valve Pivot Bushings 
Bearing Manufacturer Lubrite Technologies, Hanover, MA 
Specific Product Installed ASTM B148, C95500, Type G10 internal surface lubrited 
Size of Bearing (length/diameter) 12" long x 7" OD x 6" ID (nominal) 
Thickness 0.5" thick 
Applied Load (if known) Data Not Available 
Arc of Rotation (degrees) 60 
Number of Cycles 60,000 per year 
River Water Conditions Silt, chemicals, etc. 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Standard manufactured product 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

More 

Date Installed  1992 
Length of Service (years/months) 9 years 
How installed 
 
 

Hired Labor 

Mating Surface   A668, Class J 
Surface Finish 32 
Ease of Machining N.A. 
Problems during Installation None 
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Engineering Support from Supplier N.A. 
Ease of Installation  
Wear Resistance N.A. 
Debris Imbedment or Contamination N.A. 
Last Inspected Never 
Inspection Method N.A. 
Inspection Results 
 
 
 

N.A. 

Problems Encountered In Service 
 
 
 

Data Not Available 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Same 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Good 

Would you recommend this product for a 
similar application? 

Yes 

Additional Comments 
 
 
 
 

None 

 
*** Please submit a separate Questionnaire for each application at each installation *** 

ATTRIBUTE INFORMATION 
Project Name/Location Locks No. 27 / Mississippi River – Granite City, IL 
Name/Title/Phone Number of Contact Walter Wagner / 314-331-8272 
Application Miter Gate Hydraulic Cylinder Cardanic Ring Pillow Blocks 
Bearing Manufacturer Oiles 500, Orebro, Sweden 
Specific Product Installed Johnson Metal JM3-15 
Size of Bearing (length/diameter) 162 mm long x 225 mm OD x 200 mm ID (nominal) 
Thickness 12.5 mm thick 
Applied Load (if known) Data Not Available 
Arc of Rotation (degrees) 20 
Number of Cycles 60,000 per year 
River Water Conditions Silt, chemicals, etc. 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Standard manufactured product 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

N.A. 

Date Installed  1998 
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ATTRIBUTE INFORMATION 
Length of Service (years/months) 3 years 
How installed 
 
 

Construction Contractor 

Mating Surface 34Cr NiMo6V, DIN 17200 
Surface Finish  
Ease of Machining N.A. 
Problems during Installation 
 

N.A. 

Engineering Support from Supplier N.A. 
Ease of Installation N.A. 
Wear Resistance N.A. 
Debris Imbedment or Contamination N.A. 
Last Inspected Never 
Inspection Method N.A. 
Inspection Results 
 
 
 

N.A. 

Problems Encountered in Service 
 
 
 

None to date. 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Better 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Very good 

Would you recommend this product for a 
similar application? 

Yes 

Additional Comments 
 
 
 
 

None 

 
*** Please submit a separate Questionnaire for each application at each installation *** 

ATTRIBUTE INFORMATION 
Project Name/Location The Dalles Lock & Dam, OR/WA (Columbia River) 
Name/Title/Phone Number of Contact Steve Dingman, mech. engr., 541-298-7545 
Application Navigation Lock Operating Machinery 
Bearing Manufacturer (proposed: Orkot) 
Specific Product Installed * 
Size of Bearing (length/diameter) * 
Thickness * 
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Applied Load (if known) (Upper Gate) 705K horiz. max. ; (valves) unknown 
Arc of Rotation (degrees) (Upper Gate) ~ 80 deg.; (valve) ~ 56 deg. 
Number of Cycles  ~ 10  lockages per day 
River Water Conditions Fresh water, moderate silt; temp. range ~ 30-70 °F 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

* 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

* 

Date Installed * 
Length of Service (years/months) 0 
How Installed 
 
 

* 

Mating Surface * 
Surface Finish * 
Ease of Machining * 
Problems During Installation 
 

(This page: see “Additional Comments”, below) 

Engineering Support From Supplier  
Ease of Installation  
Wear Resistance  
Debris Imbedment or Contamination  
Last Inspected  
Inspection Method  
Inspection Results 
 
 
 

 

Problems Encountered in Service 
 
 
 

 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

 

Would you recommend this product for a 
similar application? 

 

Additional Comments 
 
 
 
 

* No non-metallic bushings have been installed at The Dalles Dam 
yet.  They are planning to do so on Navlock Drain Valve No. 2 in 
2003, and we will replace both trunnion bushings and all operator 
guide bushings.  Also, we are preparing to replace original bronze 
bushings with non-metallic bushings at the trunnions of Spill Gate No. 
9. 
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*** Please submit a separate Questionnaire for each application at each installation *** 
ATTRIBUTE INFORMATION 
Project Name/Location Melvin Price Locks / Mississippi River – Alton, IL 
Name/Title/Phone Number of Contact Walter Wagner / 314-331-8272 
Application Tainter Gate Trunnion Bushings 
Bearing Manufacturer Lubrite Technologies, Hanover, MA 
Specific Product Installed ASTM B148, C95500, Type G10 internal surface lubrited 
Size of Bearing (length/diameter) 23.5" long x 25" OD x 23" ID (nominal) 
Thickness 1" thick 
Applied Load (if known) Data Not Available 
Arc of Rotation (degrees) 89 
Number of Cycles < 1,000 per year 
River Water Conditions Silt, chemicals, etc. 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Standard manufactured product 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

More 

Date Installed  1982 
Length of Service (years/months) 19 years 
How Installed 
 
 

Construction contractor 

Mating Surface   A668, Class D (max. carbon = 0.30%) 
Surface Finish 32 
Ease of Machining N.A. 
Problems During Installation 
 

None 

Engineering Support From Supplier N.A. 
Ease of Installation  
Wear Resistance N.A. 
Debris Imbedment or Contamination N.A. 
Last Inspected Never 
Inspection Method N.A. 
Inspection Results 
 
 

N.A. 

Problems Encountered in Service 
 
 
 

None 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Same 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Good 

Would you recommend this product for a 
similar application? 

Yes 
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ATTRIBUTE INFORMATION 
Additional Comments 
 
 
 
 

None 

 
*** Please submit a separate Questionnaire for each application at each installation *** 

ATTRIBUTE INFORMATION 
Project Name/Location Chicago Harbor Lock 
Name/Title/Phone Number of Contact Steve Hungness 
Application Lock sector gates – rollers 
Bearing Manufacturer Kamatics 
Specific Product Installed KAron V 
Size of Bearing (length/diameter) 9" id (2-sleeves each); ~ 7" long 
Thickness 40 mils on FRP sleeve (ie. composite backing) 
Applied Load (if known) Data Not Available 
Arc of Rotation (degrees) 360 
Number of Cycles 10,000/year 
River Water Conditions Immersed, silt 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Standard product 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

Less 

Date Installed 2 gates in 1998 and 2 gates in 1999 
Length of Service (years/months)  
How Installed 
 
 

Friction fit 

Mating Surface Stainless steel 
Surface Finish Data Not Available 
Ease of Machining Data Not Available 
Problems During Installation 
 

Data Not Available 

Engineering Support From Supplier Data Not Available 
Ease of Installation Data Not Available 
Wear Resistance Data Not Available 
Debris Imbedment or Contamination Side seal used to prevent – mfg Boosik and Chamban 
Last Inspected Not 
Inspection Method N/A 
Inspection Results 
 
 
 

N/A 
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ATTRIBUTE INFORMATION 
Problems Encountered in Service 
 
 
 

None 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Better 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Excellent 

Would you recommend this product for a 
similar application? 

Yes 

Additional Comments 
 
 
 
 

None 

 
*** Please submit a separate Questionnaire for each application at each installation *** 

ATTRIBUTE INFORMATION 
Project Name/Location Chicago Harbor Lock 
Name/Title/Phone Number of Contact Steve Hungness 
Application Upper hinge pin 
Bearing Manufacturer Kamatics 
Specific Product Installed KAron V 
Size of Bearing (length/diameter)  
Thickness  
Applied Load (if known) Low load 
Arc of Rotation (degrees)  
Number of Cycles 10,000/year 
River Water Conditions In the dry 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Data Not Available 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

Data Not Available 

Date Installed  2 gates in 1998 and 2 gates in 1999 
Length of Service (years/months) Data Not Available 
How Installed 
 
 

Data Not Available 

Mating Surface   Data Not Available 
Surface Finish Data Not Available 
Ease of Machining Data Not Available 
Problems During Installation 
 

None reported 

Engineering Support From Supplier Data Not Available 
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ATTRIBUTE INFORMATION 
Ease of Installation Data Not Available 
Wear Resistance Data Not Available 
Debris Imbedment or Contamination Data Not Available 
Last Inspected Data Not Available 
Inspection Method Data Not Available 
Inspection Results 
 
 
 

Data Not Available 

Problems Encountered in Service 
 
 
 

None 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Data Not Available 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Data Not Available 

Would you recommend this product for a 
similar application? 

Data Not Available 

Additional Comments 
 
 
 
 

Data Not Available 

 
*** Please submit a separate Questionnaire for each application at each installation *** 

ATTRIBUTE INFORMATION 
Project Name/Location Markland 
Name/Title/Phone Number of Contact Todd Crutchfield – 859-567-7444 
Application Culvert valve trunnion pins 2 each per valve 
Bearing Manufacturer Tenmat 
Specific Product Installed Feroform T814 
Size of Bearing (length/diameter) 13.625" ida x 24.125" L 
Thickness 0.8" 
Applied Load (if known) 7,000 psi 
Arc of Rotation (degrees) 45 
Number of Cycles  
River Water Conditions Immersed, silt 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Standard item 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

About the same 

Date Installed  April 2000 
Length of Service (years/months) Data Not Available 
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ATTRIBUTE INFORMATION 
How Installed 
 
 

Data Not Available 

Mating Surface Data Not Available 
Surface Finish Data Not Available 
Ease of Machining Excellent 
Problems During Installation 
 

None 

Engineering Support From Supplier Yes, Excel spreadsheet 
Ease of Installation Very easy 
Wear Resistance Data Not Available 
Debris Imbedment or Contamination Data Not Available 
Last Inspected Data Not Available 
Inspection Method Data Not Available 
Inspection Results 
 
 
 

Data Not Available 

Problems Encountered in Service 
 
 
 

Data Not Available 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Not enough data 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Excellent 

Would you recommend this product for a 
similar application? 

Yes 

Additional Comments 
 
 
 
 

Very happy with installation and performance of this product to date.  
Installed with hard-chromed stainless steel pins, 17-4. 

 
*** Please submit a separate Questionnaire for each application at each installation *** 

ATTRIBUTE INFORMATION 
Project Name/Location McAlpine 
Name/Title/Phone Number of Contact Todd Crutchfield – 859-567-7444 
Application Culvert valve trunnion pins 2 each per valve 
Bearing Manufacturer Tenmat 
Specific Product Installed Feroform T814 
Size of Bearing (length/diameter) 13.625" ida x 24.125" L 
Thickness 0.8" 
Applied Load (if known) 7,000 psi 
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ATTRIBUTE INFORMATION 
Arc of Rotation (degrees) 45 
Number of Cycles  
River Water Conditions Immersed, silt 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Standard item 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

About the same 

Date Installed  April 2000 
Length of Service (years/months) Data Not Available 
How Installed 
 
 

Data Not Available 

Mating Surface Data Not Available 
Surface Finish Data Not Available 
Ease of Machining Excellent 
Problems During Installation 
 

None 

Engineering Support From Supplier Yes, Excel spreadsheet 
Ease of Installation Very easy 
Wear Resistance Data Not Available 
Debris Imbedment or Contamination Data Not Available 
Last Inspected Data Not Available 
Inspection Method Data Not Available 
Inspection Results 
 
 
 

Data Not Available 

Problems Encountered in Service 
 
 
 

Data Not Available 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Not enough data 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Excellent 

Would you recommend this product for a 
similar application? 

Yes 

Additional Comments 
 
 
 
 

Very happy with installation and performance of this product to date.  
Installed with hard-chromed stainless steel pins, 17-4. 
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*** Please submit a separate Questionnaire for each application at each installation *** 
ATTRIBUTE INFORMATION 
Project Name/Location Markland 
Name/Title/Phone Number of Contact Todd Crutchfield – 859-567-7444 
Application Culvert valve crosshead 
Bearing Manufacturer Tenmat 
Specific Product Installed Feroform T814 
Size of Bearing (length/diameter) 8.625" dia x 6.5" L 
Thickness 0.8" 
Applied Load (if known) 3500 psi 
Arc of Rotation (degrees) 45 degrees 
Number of Cycles Data Not Available 
River Water Conditions Data Not Available 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Standard product 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

Same 

Date Installed March 2000 and April 2001 
Length of Service (years/months)  
How Installed 
 
 
 

Shrink fit with liquid nitrogen 

Mating Surface   Data Not Available 
Surface Finish Data Not Available 
Ease of Machining Excellent 
Problems During Installation 
 

None 

Engineering Support From Supplier Yes, Excel spreadsheet program 
Ease of Installation Very easy 
Wear Resistance Data Not Available 
Debris Imbedment or Contamination Data Not Available 
Last Inspected Data Not Available 
Inspection Method Data Not Available 
Inspection Results 
 
 
 

Data Not Available 

Problems Encountered in Service 
 
 
 

Data Not Available 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Not enough data 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Excellent 
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ATTRIBUTE INFORMATION 
Would you recommend this product for a 
similar application? 

Yes 

Additional Comments 
 
 
 
 

Very happy with installation and performance of this product to date.  
Installed with hard-chromed stainless steel pins, 17-4. 

 
*** Please submit a separate Questionnaire for each application at each installation *** 

ATTRIBUTE INFORMATION 
Project Name/Location Markland 
Name/Title/Phone Number of Contact Todd Crutchfield – 859-567-7444 
Application Culvert valve lower connecting rod 
Bearing Manufacturer Tenmat 
Specific Product Installed Feroform T814 
Size of Bearing (length/diameter) 8.625' dia x 12.968" L 
Thickness 0.8" 
Applied Load (if known) 3500 psi 
Arc of Rotation (degrees) 45 
Number of Cycles Data Not Available 
River Water Conditions Data Not Available 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Standard product 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

Same 

Date Installed  April 2000 and April 2001 
Length of Service (years/months)  
How Installed 
 

Shrink fit with liquid nitrogen 

Mating Surface  Data Not Available 
Surface Finish Data Not Available 
Ease of Machining Excellent 
Problems During Installation 
 

None 

Engineering Support From Supplier Yes, Excel spreadsheet program 
Ease of Installation Very easy 
Wear Resistance Data Not Available 
Debris Imbedment or Contamination Data Not Available 
Last Inspected Data Not Available 
Inspection Method Data Not Available 
Inspection Results 
 
 

Data Not Available 
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ATTRIBUTE INFORMATION 
Problems Encountered in Service 
 
 
 

Data Not Available 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Not enough data 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Execellent 

Would you recommend this product for a 
similar application? 

Yes 

Additional Comments 
 
 
 
 

Very happy with installation and performance of this product to date.  
Installed with hard-chromed stainless steel pins, 17-4. 

 
*** Please submit a separate Questionnaire for each application at each installation *** 

ATTRIBUTE INFORMATION 
Project Name/Location Markland 
Name/Title/Phone Number of Contact Todd Crutchfield – 859-567-7444 
Application Culvert valve fulcrum 
Bearing Manufacturer Tenmat 
Specific Product Installed Feroform T814 
Size of Bearing (length/diameter) 9.125" dia x 12.344" L 
Thickness 0.8" 
Applied Load (if known) 3,500 psi 
Arc of Rotation (degrees) 45 
Number of Cycles Data Not Available 
River Water Conditions Data Not Available 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Standard product 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

Same 

Date Installed  April 2000 and April 2001 
Length of Service (years/months) Data Not Available 
How Installed 
 
 

Data Not Available 

Mating Surface   Data Not Available 
Surface Finish Data Not Available 
Ease of Machining Excellent 
Problems During Installation 
 

None 

Engineering Support From Supplier Yes, Excel spreadsheet program 
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Ease of Installation Very easy 
Wear Resistance Data Not Available 
Debris Imbedment or Contamination Data Not Available 
Last Inspected  Data Not Available 
Inspection Method Data Not Available 
Inspection Results 
 
 
 

Data Not Available 

Problems Encountered in Service 
 
 
 

Data Not Available 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Not enough data 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Excellent 

Would you recommend this product for a 
similar application? 

Yes 

Additional Comments 
 
 
 

Very happy with installation and performance of this product to date.  
Installed with hard-chromed stainless steel pins, 17-4. 

 
*** Please submit a separate Questionnaire for each application at each installation *** 

ATTRIBUTE INFORMATION 
Project Name/Location Markland 
Name/Title/Phone Number of Contact Todd Crutchfield – 859-567-7444 
Application Culvert valve upper strut spindle 
Bearing Manufacturer Tenmat 
Specific Product Installed Feroform T814 
Size of Bearing (length/diameter) 9.125" dia x 11.219" L 
Thickness 0.8" 
Applied Load (if known) 3,500 psi 
Arc of Rotation (degrees) 45 
Number of Cycles Data Not Available 
River Water Conditions Immersed, silt 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Standard product 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

Same 

Date Installed  March/April 2000 and 2001 
Length of Service (years/months)  
How Installed 
 

Shrink fit with liquid nitrogen 
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ATTRIBUTE INFORMATION 
Mating Surface   Data Not Available 
Surface Finish  
Ease of Machining Excellent 
Problems During Installation 
 

None 

Engineering Support from Supplier Yes, Excel spreadsheet program 
Ease of Installation Very easy 
Wear Resistance Data Not Available 
Debris Imbedment or Contamination Data Not Available 
Last Inspected Data Not Available 
Inspection Method Data Not Available 
Inspection Results 
 
 
 

Data Not Available 

Problems Encountered In Service 
 
 
 

Data Not Available 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Not enough data 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Excellent 

Would you recommend this product for a 
similar application? 

Yes 

Additional Comments 
 
 
 
 

Very happy with installation and performance of this product to date.  
Installed with hard-chromed stainless steel pins, 17-4.   

 
*** Please submit a separate Questionnaire for each application at each installation *** 

ATTRIBUTE INFORMATION 
Project Name/Location Smithland 
Name/Title/Phone Number of Contact Todd Crutchfield – 859-567-7444 
Application Culvert valve upper strut spindle 
Bearing Manufacturer Tenmat 
Specific Product Installed Feroform T814 
Size of Bearing (length/diameter) 9.125" dia x 11.219" L 
Thickness  0.8" 
Applied Load (if known) 3500 psi 
Arc of Rotation (degrees) 45 
Number of Cycles Data Not Available 
River Water Conditions Immersed, silt 
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ATTRIBUTE INFORMATION 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Standard product 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

Same 

Date Installed   October 2000 
Length of Service (years/months)  
How Installed 
 
 

Shrink fit with liquid nitrogen 

Mating Surface Data Not Available 
Surface Finish Data Not Available 
Ease of Machining Excellent 
Problems During Installation 
 

None 

Engineering Support From Supplier Yes, Excel spreadsheet program 
Ease of Installation Very easy 
Wear Resistance Data Not Available 
Debris Imbedment or Contamination Data Not Available 
Last Inspected Data Not Available 
Inspection Method Data Not Available 
Inspection Results 
 
 
 

Data Not Available 

Problems Encountered in Service 
 
 
 

Data Not Available 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Not enough data 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Excellent 

Would you recommend this product for a 
similar application? 

Yes 

Additional Comments 
 
 
 
 

Very happy with installation and performance of this product to date.  
Installed with hard-chromed stainless steel pins, 17-4.  Replaced 
failed Thodon TRAXL bushings with Tenmat. 
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*** Please submit a separate Questionnaire for each application at each installation *** 
ATTRIBUTE INFORMATION 
Project Name/Location Markland 
Name/Title/Phone Number of Contact Todd Crutchfield – 859-567-7444 
Application Culvert valve lower strut 
Bearing Manufacturer Tenmat 
Specific Product Installed Feroform T814 
Size of Bearing (length/diameter) 9.125" dia x 13" L 
Thickness 0.8" 
Applied Load (if known) 3,500 psi 
Arc of Rotation (degrees) 45 
Number of Cycles  
River Water Conditions Immersed, silt 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Standard product 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

Same 

Date Installed   March/April 2000 and 2001 
Length of Service (years/months)  
How Installed 
 

Shrink fit with liquid nitrogen 

Mating Surface Data Not Available 
Surface Finish Data Not Available 
Ease of Machining Excellent 
Problems During Installation 
 

None 

Engineering Support From Supplier Yes, Excel spreadsheet program 
Ease of Installation Very easy 
Wear Resistance Data Not Available 
Debris Imbedment or Contamination Data Not Available 
Last Inspected Data Not Available 
Inspection Method Data Not Available 
Inspection Results 
 
 

Data Not Available 

Problems Encountered in Service 
 
 

Data Not Available 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Not enough data 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Excellent 

Would you recommend this product for a 
similar application? 

Yes 

Additional Comments 
 

Very happy with installation and performance of this product to date.  
Installed with hard-chromed stainless steel pins, 17-4.   
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*** Please submit a separate Questionnaire for each application at each installation *** 
ATTRIBUTE INFORMATION 
Project Name/Location Smithland 
Name/Title/Phone Number of Contact Todd Crutchfield – 859-567-7444 
Application Culvert valve lower strut 
Bearing Manufacturer Tenmat 
Specific Product Installed Feroform T814 
Size of Bearing (length/diameter) 9.125" dia x 13" L 
Thickness 0.8" 
Applied Load (if known) 3500 psi 
Arc of Rotation (degrees) 45  
Number of Cycles Data Not Available 
River Water Conditions Immersed, silt 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Standard product 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

Same 

Date Installed  November 1997, November 1998, October 2000 
Length of Service (years/months)  
How Installed 
 

Shrink fit with liquid nitrogen 

Mating Surface Data Not Available 
Surface Finish Data Not Available 
Ease of Machining Excellent 
Problems During Installation 
 

None 

Engineering Support From Supplier Yes, Excel spreadsheet program 
Ease of Installation Very easy 
Wear Resistance Data Not Available 
Debris Imbedment or Contamination Data Not Available 
Last Inspected Data Not Available 
Inspection Method Data Not Available 
Inspection Results 
 
 
 

Data Not Available 

Problems Encountered In Service 
 
 
 

Data Not Available 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Not enough data 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Excellent 

Would you recommend this product for a 
similar application? 

Yes 
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ATTRIBUTE INFORMATION 
Additional Comments 
 
 
 
 

Very happy with installation and performance of this product to date.  
Installed with hard-chromed stainless steel pins, 17-4.  Replaced 
failed Thodon TRAXL bushings with Tenmat. 

 
*** Please submit a separate Questionnaire for each application at each installation *** 

ATTRIBUTE INFORMATION 
Project Name/Location Markland 
Name/Title/Phone Number of Contact Todd Crutchfield – 859-567-7444 
Application Rack bar rollers vertical (4 ea) and horizontal (3 ea); all gates on both 

locks 
Bearing Manufacturer Garlock 
Specific Product Installed Data Not Available 
Size of Bearing (length/diameter) Data Not Available 
Thickness Data Not Available 
Applied Load (if known) Data Not Available 
Arc of Rotation (degrees) Data Not Available 
Number of Cycles Data Not Available 
River Water Conditions Data Not Available 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Data Not Available 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

Data Not Available 

Date Installed September 1992 
Length of Service (years/months) Data Not Available 
How Installed 
 
 

Data Not Available 

Mating Surface Data Not Available 
Surface Finish Data Not Available 
Ease of Machining Data Not Available 
Problems During Installation 
 

Data Not Available 

Engineering Support From Supplier Data Not Available 
Ease of Installation Data Not Available 
Wear Resistance Data Not Available 
Debris Imbedment or Contamination Data Not Available 
Last Inspected Data Not Available 
Inspection Method Data Not Available 
Inspection Results 
 
 

Data Not Available 
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ATTRIBUTE INFORMATION 
Problems Encountered in Service 
 
 
 

Data Not Available 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Data Not Available 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Data Not Available 

Would you recommend this product for a 
similar application? 

Data Not Available 

Additional Comments 
 
 
 
 

Data Not Available 

 
*** Please submit a separate Questionnaire for each application at each installation *** 

ATTRIBUTE INFORMATION 
Project Name/Location Markland 
Name/Title/Phone Number of Contact Todd Crutchfield – 859-567-7444 
Application Crosshead pin, lower connecting rod pin, fulcrum pin, strut spindle 

pin, and trunnion pins 
Bearing Manufacturer Thordon 
Specific Product Installed TRAXL 
Size of Bearing (length/diameter) Data Not Available 
Thickness Data Not Available 
Applied Load (if known) Data Not Available 
Arc of Rotation (degrees) Data Not Available 
Number of Cycles Data Not Available 
River Water Conditions Data Not Available 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Data Not Available 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

Data Not Available 

Date Installed  May 1998 
Length of Service (years/months) Data Not Available 
How Installed 
 
 

Data Not Available 

Mating Surface   Data Not Available 
Surface Finish Data Not Available 
Ease of Machining Data Not Available 
Problems During Installation 
 

Data Not Available 
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Engineering Support From Supplier Data Not Available 
Ease of Installation Data Not Available 
Wear Resistance Data Not Available 
Debris Imbedment or Contamination Data Not Available 
Last Inspected Data Not Available 
Inspection Method Data Not Available 
Inspection Results 
 
 
 

Data Not Available 

Problems Encountered in Service 
 
 
 

Data Not Available 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Data Not Available 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Data Not Available 

Would you recommend this product for a 
similar application? 

Data Not Available 

Additional Comments 
 
 
 
 

Data Not Available 

 
*** Please submit a separate Questionnaire for each application at each installation *** 

ATTRIBUTE INFORMATION 
Project Name/Location McAlpine 
Name/Title/Phone Number of Contact Todd Crutchfield – 859-567-7444 
Application Crosshead pin, lower connecting rod pin, fulcrum pin, strut spindle 

pin, lower strut pin, and trunnion pins 
Bearing Manufacturer Thordon 
Specific Product Installed TRAXL 
Size of Bearing (length/diameter) Data Not Available 
Thickness Data Not Available 
Applied Load (if known) Data Not Available 
Arc of Rotation (degrees) Data Not Available 
Number of Cycles Data Not Available 
River Water Conditions Data Not Available 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Data Not Available 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

Data Not Available 

Date Installed  June 1998 and April 1999 
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Length of Service (years/months) Data Not Available 
How Installed 
 
 

Data Not Available 

Mating Surface Data Not Available 
Surface Finish Data Not Available 
Ease of Machining Data Not Available 
Problems During Installation 
 

Data Not Available 

Engineering Support From Supplier Data Not Available 
Ease of Installation Data Not Available 
Wear Resistance Data Not Available 
Debris Imbedment or Contamination Data Not Available 
Last Inspected Data Not Available 
Inspection Method Data Not Available 
Inspection Results 
 
 
 

Data Not Available 

Problems Encountered in Service 
 
 
 

Data Not Available 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Data Not Available 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Data Not Available 

Would you recommend this product for a 
similar application? 

Data Not Available 

Additional Comments 
 
 
 
 

None 

 
*** Please submit a separate Questionnaire for each application at each installation *** 

ATTRIBUTE INFORMATION 
Project Name/Location Cannelton 
Name/Title/Phone Number of Contact Todd Crutchfield – 859-567-7444 
Application Gates – pintle, gudgeon pin, strut pin at gate 
Bearing Manufacturer Thordon 
Specific Product Installed Data Not Available 
Size of Bearing (length/diameter) Data Not Available 
Thickness Data Not Available 
Applied Load (if known) Data Not Available 
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ATTRIBUTE INFORMATION 
Arc of Rotation (degrees) Data Not Available 
Number of Cycles Data Not Available 
River Water Conditions Data Not Available 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Data Not Available 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

Data Not Available 

Date Installed  June 1994 
Length of Service (years/months) Data Not Available 
How Installed 
 
 

Data Not Available 

Mating Surface Data Not Available 
Surface Finish Data Not Available 
Ease of Machining Data Not Available 
Problems During Installation 
 

Data Not Available 

Engineering Support From Supplier Data Not Available 
Ease of Installation Data Not Available 
Wear Resistance Data Not Available 
Debris Imbedment or Contamination Data Not Available 
Last Inspected Data Not Available 
Inspection Method Data Not Available 
Inspection Results 
 
 
 

Data Not Available 

Problems Encountered in Service 
 
 
 

Data Not Available 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Data Not Available 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Data Not Available 

Would you recommend this product for a 
similar application? 

Data Not Available 

Additional Comments 
 
 
 
 

None 
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*** Please submit a separate Questionnaire for each application at each installation *** 
ATTRIBUTE INFORMATION 
Project Name/Location Cannelton 
Name/Title/Phone Number of Contact Todd Crutchfield – 859-567-7444 
Application Crosshead pin, lower connecting rod pin, fulcrum pin, strut spindle 

pin, lower strut pin, trunnion pins, and hydraulic cylinder trunnion 
Bearing Manufacturer Thordon 
Specific Product Installed TRAXL 
Size of Bearing (length/diameter) Data Not Available 
Thickness Data Not Available 
Applied Load (if known) Data Not Available 
Arc of Rotation (degrees) Data Not Available 
Number of Cycles Data Not Available 
River Water Conditions Data Not Available 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Data Not Available 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

Data Not Available 

Date Installed  1992 or 1993 
Length of Service (years/months) Data Not Available 
How Installed 
 
 

Data Not Available 

Mating Surface Data Not Available 
Surface Finish Data Not Available 
Ease of Machining Data Not Available 
Problems During Installation 
 

Data Not Available 

Engineering Support From Supplier Data Not Available 
Ease of Installation Data Not Available 
Wear Resistance Data Not Available 
Debris Imbedment or Contamination Data Not Available 
Last Inspected Data Not Available 
Inspection Method Data Not Available 
Inspection Results 
 
 
 

Data Not Available 

Problems Encountered in Service 
 
 
 

Data Not Available 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Data Not Available 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Data Not Available 
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ATTRIBUTE INFORMATION 
Would you recommend this product for a 
similar application? 

Data Not Available 

Additional Comments 
 
 
 
 

None 

 
*** Please submit a separate Questionnaire for each application at each installation *** 

ATTRIBUTE INFORMATION 
Project Name/Location Cannelton 
Name/Title/Phone Number of Contact Todd Crutchfield – 859-567-7444 
Application Crosshead pin and hydraulic cylinder trunnion 
Bearing Manufacturer Kamatics 
Specific Product Installed Data Not Available 
Size of Bearing (length/diameter) Data Not Available 
Thickness Data Not Available 
Applied Load (if known) Data Not Available 
Arc of Rotation (degrees) Data Not Available 
Number of Cycles Data Not Available 
River Water Conditions Data Not Available 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Data Not Available 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

Data Not Available 

Date Installed  1992 or 1993 
Length of Service (years/months) Data Not Available 
How Installed 
 
 

Data Not Available 

Mating Surface   Data Not Available 
Surface Finish Data Not Available 
Ease of Machining Data Not Available 
Problems During Installation 
 

Data Not Available 

Engineering Support From Supplier Data Not Available 
Ease of Installation Data Not Available 
Wear Resistance Data Not Available 
Debris Imbedment or Contamination Data Not Available 
Last Inspected Data Not Available 
Inspection Method Data Not Available 
Inspection Results 
 

Data Not Available 
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ATTRIBUTE INFORMATION 
Problems Encountered In Service 
 
 
 

Data Not Available 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Data Not Available 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Data Not Available 

Would you recommend this product for a 
similar application? 

Data Not Available 

Additional Comments 
 
 
 
 

None 

 
*** Please submit a separate Questionnaire for each application at each installation *** 

ATTRIBUTE INFORMATION 
Project Name/Location Newburgh 
Name/Title/Phone Number of Contact Todd Crutchfield – 859-567-7444 
Application strut spindle pin and lower strut pin 
Bearing Manufacturer Thordon 
Specific Product Installed TRAXL 
Size of Bearing (length/diameter) Data Not Available 
Thickness Data Not Available 
Applied Load (if known) Data Not Available 
Arc of Rotation (degrees) Data Not Available 
Number of Cycles Data Not Available 
River Water Conditions Data Not Available 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Data Not Available 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

Data Not Available 

Date Installed  July 1991 
Length of Service (years/months) Data Not Available 
How Installed 
 
 

Data Not Available 

Mating Surface Data Not Available 
Surface Finish Data Not Available 
Ease of Machining Data Not Available 
Problems During Installation 
 

Data Not Available 

Engineering Support From Supplier Data Not Available 
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ATTRIBUTE INFORMATION 
Ease of Installation Data Not Available 
Wear Resistance Data Not Available 
Debris Imbedment or Contamination Data Not Available 
Last Inspected Data Not Available 
Inspection Method Data Not Available 
Inspection Results 
 
 
 

Data Not Available 

Problems Encountered in Service 
 
 
 

Data Not Available 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Data Not Available 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Data Not Available 

Would you recommend this product for a 
similar application? 

Data Not Available 

Additional Comments 
 
 
 
 

None 

 
*** Please submit a separate Questionnaire for each application at each installation *** 

ATTRIBUTE INFORMATION 
Project Name/Location Smithland 
Name/Title/Phone Number of Contact Todd Crutchfield – 859-567-7444 
Application strut spindle pin, lower strut pin, and thrust washer 
Bearing Manufacturer Thordon 
Specific Product Installed TRAXL 
Size of Bearing (length/diameter) Data Not Available 
Thickness Data Not Available 
Applied Load (if known) Data Not Available 
Arc of Rotation (degrees) Data Not Available 
Number of Cycles Data Not Available 
River Water Conditions Data Not Available 
Commercial Availability (standard manu-
facturer product, custom item, no longer 
available) 

Data Not Available 

Installed Cost Relative to Bronze Bushing 
(more, less, same) 

Data Not Available 

Date Installed  July 1992 and November 1998 
Length of Service (years/months) Data Not Available 
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How Installed 
 
 

Data Not Available 

Mating Surface Data Not Available 
Surface Finish Data Not Available 
Ease of Machining Data Not Available 
Problems During Installation 
 

Data Not Available 

Engineering Support From Supplier Data Not Available 
Ease of Installation Data Not Available 
Wear Resistance Data Not Available 
Debris Imbedment or Contamination Data Not Available 
Last Inspected Data Not Available 
Inspection Method Data Not Available 
Inspection Results 
 
 
 

Data Not Available 

Problems Encountered in Service 
 
 
 

Data Not Available 

Bearing Performance Relative to Greased 
Bronze (better, same, worse, much worse) 

Data Not Available 

Overall Rating (excellent, very good, 
good, poor, unsatisfactory) 

Data Not Available 

Would you recommend this product for a 
similar application? 

Data Not Available 

Additional Comments 
 
 
 
 

None 
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INTRODUCTION 

The U.S. Army Engineering Research and Development Center-Construction Engineering Research 
Laboratory (ERDC-CERL) had contracted Powertech Labs Inc. to perform scale model accelerated 
wear tests of navigation lock pintles and pintle lubricating methods for the Panama Canal Authority 
(Project 13568-36-00). Powertech designed and built a scale model (1/4-scale) test frame to perform 
accelerated wear tests of existing pintle bushing configurations, which would be benchmark refer-
ences, and on alternative self-lubricating pintle bushings, in a simulated brackish Panama Canal water 
environment. 

CERL contracted Powertech Labs Inc. to perform additional pintle bushing tests following the same 
format as the Panama Canal tests with two differences: (1) silt laden river water was used instead of 
brackish water; (2) the horizontal loadings and vertical loadings on the quarter-scale model pintle were 
870.9 psi. and 665.8 psi, respectively. 

The following is a report of the test results on three bushing materials tested for the Corps of Engineers 
navigation lock gates. 

OBJECTIVE AND WORK PROGRAM 

The objective was to simulate the mechanical and environmental stresses of a typical Corps of Engi-
neers lock miter gate pintle over its anticipated service life of 200,000 cycles.  

Accelerated testing and analysis was conducted on 6 lock gate pintle/bushing assemblies, constructed 
to ¼ scale, placed in brackish water. Two of the test sets simulated the existing configuration, while a 
third set used a self-lubricating composite material. It was anticipated that each test would require ap-
proximately 35 days of testing time to complete the tasks described below. 

TASKS 

Task 1:  Scale Model Test Frame 

A device was designed and constructed to test the 6 scale model pintle/bushing assemblies 
that would be built in Task 2. Three of the assemblies were to be 5 inches in diameter and the 
other three were to be 6 inches in diameter. These pintle/bushing assemblies were ¼ of the ac-
tual size of typical Corps of Engineer lock gate pintles. Instrumentation was incorporated to 
monitor pintle rotation for torque and from this data a value for the coefficient of friction 
every four (4) hours. Wear was to be monitored on a continuous basis with eddy current 
probes for both the vertical and horizontal directions. Bushing temperature was monitored ad-
jacent to the loaded contact surface. All data was recorded with a data logger and a personal 
computer.  

Task 2:  Scale Model Pintle/bushing Combinations  

Three scale model pintle/bushing assemblies, each 5 inches in diameter, and three scale model 
pintle/bushing assemblies, each 6 inches in diameter, were designed and constructed. All the 
scale model pintles were made of 316 stainless steel (ASTM A473) with a 16 RMS finish. 
The bushings were self-lubricating products from three different manufacturers. The pintles 
and bushings were assembled and tested in silt laden river water to simulate typical conditions 
found in Corps projects. The water, for these tests was taken directly from the Fraser River 
across from the city of New Westminster, BC. 
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Test Conditions – Loading and Operating Rate 

Pintle Cycles and Loading 
The duration of the test was approximately 200,000 cycles, designed to simulate 25 years of 
operation. The 6-inch pintles are a ¼ scale representation of the existing pintles, which are 24 
inches in diameter. The rotation of the scale model was 63.5º, consistent with the rotation of 
the full-sized gates. 

The actual bearing pressure of the full-sized gates on projected pintle areas for a vertical load 
is 870.9 psi, and for a side load (from a cantilevered gate mass) is 665.8 psi (based on pro-
jected areas of 28.3 in vertical and 14.15 in2 horizontal). For the scale model tests, this trans-
lates to a load of 12.3 tons vertical and a side load of 4.71 tons. 

The 5-inch pintle represents a full-sized 20-inch pintle. Using the same loads as for the 6-inch 
pintle, the bearing pressures are equivalent to a vertical value of 1254.1 psi and a side load of 
961.2 psi (based on projected areas of 19.6 in2 vertical and 9.8 in2 horizontal). 

Pintle Speed 
Typical Corps of Engineers navigation lock gates operate at a speed of 110 seconds for a 63.5º 
swing to open to allow a vessel to pass through, then 110 seconds for the swing to close. This 
translates to a bearing speed of 0.12 in/sec for a 24-inch diameter pintle. It was decided to set 
the travel speed of the 6-inch diameter scale model pintle to approximately 0.48 in./sec. to re-
duce the test period to a reasonable length. The total travel distance for the 6-inch scale model 
pintle is 6.65 in. (close to open – open to close), and the duration for one complete cycle was 
13.75 seconds. Due to the test configuration, the cycle period for the 5-inch pintle was the 
same. It took approximately 35 days to run the 200,000 cycles. 

SCALE MODEL ASSEMBLY 

The main concept of the scale model is to statically load two bushings on the same axis at the same 
time, thereby simplifying the fabrication of a sufficiently strong test frame. A pintle is mounted on 
each end of a test shaft, with the pintle bushings mounted in test blocks that are fitted to the pintles. 
The blocks are located on steel pads that have a layer of self-lubricating strips attached with epoxy to 
their contact surface to allow for free side movement from the lateral loading. The shaft is long enough 
to mount “frictionless” double taper roller bearings adjacent to each pintle for shaft support, and to 
mount a large diameter sprocket in the center of the shaft. The sprocket serves as the connector link to 
the two hydraulic actuators that are used to rotate the shaft correctly. (Note: In this simulation, the 
pintle bearing is fixed and the pintle rotates, whereas the pintle an actual navigation lock gate is fixed 
to the bottom of the lock chamber embedded in concrete and the bearing rotates with the miter gate.  
The relative motions, COF, and wear are expected to be similar in the actual case, versus the simula-
tion).   

An Enerpac RCS502 hydraulic cylinder was used to apply the static load, and each test block had an 
Enerpac RCS201 hydraulic cylinder applying a side load. The axial hydraulic jack was connected to a 
hand pump. The pressure (axial load) was increased until the correct load was attained.  The pressure 
was monitored by a large diameter dial type pressure gauge. A small bladder-type accumulator con-
nected in the circuit was used to maintain a constant pressure and to compensate for any changes due 
to wear. The same technique was used for the side load jacks, but they were connected in parallel on 
their own circuit.  

Two custom-built hydraulic actuators were mounted to the side rails to rotate the shaft. The actuators 
were connected in parallel to a hydraulic pump. A simple control circuit was set up, using proximity 
probes to switch a two-way valve to change actuator direction. A flow control valve set the operating 
rate. Figure A1 shows an overview of the test setup. 
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A critical part of the test environment was to simulate immersing the pintle/bushing combination in 
brackish water. Powertech’s Applied Chemistry Unit prepared the brackish water, and its oxygen con-
tent was maintained by bubbling dry nitrogen through the water reservoir until the required level was 
reached. The oxygen level was measured with an Oakton Dissolved Oxygen Series DO 300 meter. 
Tanks were built around the test block and shaft, and the brackish water was pumped into the tanks 
from a main reservoir. A cooling coil was installed in the reservoir to maintain the water at the correct 
temperature. 

Appendix A shows details of the scale model.  

INSTRUMENTATION 

The test program required monitoring of three critical parameters: frictional load, wear and tempera-
ture.  

Frictional load values were derived from the output of the strain gauges that measured shaft torque at 
each pintle (on the inside of the support bearings – Figure A3).  There were two torque outputs, one for 
each pintle.  A Vishay 2100 strain amplifier was used to monitor the torque output. Each torque chan-
nel was calibrated in a special test frame. 

Wear was monitored with Dymac eddy current probes and drivers. The axial probes were mounted on 
the top of the test block to measure the gap between the block and a plate mounted on the shaft (Fig-
ures A2 and A6). The lateral or side load wear probes were mounted on the support plate to measure 
the gap between the test block and the static probe mount (Figures A2 and A6).  

Bushing temperature was measured by a thermocouple mounted in a drill hole on the loaded side of 
the bushing. The hole was drilled at an angle such that the bottom was close to the bushing’s internal 
edge. 

All voltage outputs were connected to an Agilent 34970A Data Acquisition/Switch Unit linked to a 
desktop computer. On the first day of testing, data were logged hourly. For the remainder of the test, 
data were logged once every four hours.  

TEST PINTLES AND BUSHINGS 

The test pintles and bushing were installed as described below: 

Bushing Test Sleeves 
Radius 2.500/2.499 inches and 3.000/2.999 inches 
Material 316 stainless steel, ASTM A473  
Hardness RB = 83 
Surface finish 16 RMS finish 
Pintle replacement A new test pintle was used for each test 

Bushing Requirements 
Specifications were given to the suppliers that the self-lubricating test bushings should have a mini-
mum clearance of approximately 0.000in/0.001 in and no grooving. 
 

TEST 
SET 

TEST A 
(6-inch scale model pintle-bushing) 

TEST B 
(5-inch scale model pintle-bushing) 

1 Thordon HPSXL  Thordon HPSXL 
2 Kamatics KAron V Kamatics KAron V 
3 TENMAT T814 (retaining collar) TENMAT T814 (retaining collar type) 
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TEST RESULTS 

Thordon HPSXL 
The Thordon HPSXL bushings started the test with significant audible noise (vibration). Relatively 
high friction levels contributed to this vibration (Figures B4 and B9). This vibration decreased as the 
test proceeded and disappeared by the 50,000 cycle point along with lower friction levels and lower 
temperatures. 

The bushings and pintles survived the test regime; the self-lubricating HPSXL was intact and contin-
ued to function. However, both bushings (more so with the five (5) inch bushing) had bands of built up 
wear debris. These bands were forming into clumps and beneath the clumps the lubricant layer was 
showing signs of breaking down (Figure B3). The six (6) inch bushing just started showing the signs of 
clumping of the wear debris. Direct wear measurements on both sides indicate initial seating in period 
of approximately 50,000 cycles. This is most likely a combination of the HPSXL and the degree of fit 
to the pintle profile.  The five (5) inch bushing had, at the end of the test, an approximate 80-90% fit 
(contact) to the pintle. The six (6) inch bushing is estimated to have about a 30-40% contact fit to the 
pintle at the end of the test.  

The five (5) inch pintle, due to the greater contact was coated with transferred lubricant material. The 
location where the debris was clumping left some scoring. The six (6) inch pintle was coated in the 
small areas where there was contact with the bushing.  

In general, there was high friction at the start of the test reducing down to a lower constant level by 
mid point. Direct wear, after seating in, was not significant in either direction (axial and lateral) (Table 
1). 

By the end of the test, both bushings were showing signs of lubricant layer breakdown as evidenced by 
the clumping of the wear debris. 

Kamatics Karon V 
The Kamatics Karon V started at a relatively high friction level but rapidly dropped down to much 
lower levels (< 0.1)within the first 20,000 cycles (Figures C4 and C10). They functioned quietly and 
smoothly without any apparent stress.  Direct wear measurements indicated little wear taking place 
other than from the initial seating in period. Where the pintles contacted the bushings, they were 
coated with transferred lubricant material.  

The six (6) inch bushing direct wear did not appear to seat in. After the initial wearing in period, and 
possibly due to the small contact area, there was a constant indicated increase in the direct wear meas-
urement suggesting a wear rate. It appears this maybe a combination of seating in and wearing taking 
place. This did not occur with the five (5) inch bushing and could be an artifact of the lower per unit 
bearing load. Table 2 provides details of the friction and wear levels. 

The Kamatics Karon V bushings performed well in the tests. This performance was good despite the 
fact the contact areas in both bushings were small. This self-lubricating material is tolerant of high 
bearing loads (small contact area).  This lubricant layer is thin and can accommodate minor deforma-
tion for seating the pintle. However, a different protocol may be necessary (such as different bushing 
radii) to permit more contact with the pintle. 

Tenmat T814 (retaining collar type) 
The Tenmat T814 bushings did not operate at the designated static axial load. The dial gauge used to 
monitor the pressure was found to be reading higher than actual values by 10 %. The friction values 
have been corrected for this reduced axial load. The bushings have survived the tests without any ap-
parent damage. In general, the five (5) inch pintle/bushing operated quietly with little apparent vibra-
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tion (low friction levels throughout the test). The six (6) inch pintle/bushing combination started with 
relatively high friction levels as evidenced by audible noise and vibration. This continued for approxi-
mately 115,000 cycles. After this break-in period the friction levels and temperatures dropped along 
with reduced noise levels. 

The direct wear measurements on the five (5) inch bushing indicated little wear taking place from side 
loading. The axial load indicated a net wear of approximately 0.5 mils. The six (6) inch had performed 
somewhat differently. After the 115,000 cycle point, friction started to increase and at the same time 
the axial wear also increased. At approximately the 167,000 cycle point, the side load direct wear sud-
denly jumped to a lower value (dropped 3 mils). This suggests the pintle may be seating in possibly 
due to wear material shifting around in the interface. The amount of transferred lubricant material and 
the black colour on the pintle edge (Figure D7) suggests a major event had occurred. The texture of 
this dark area is unlike the five (5) inch pintle. The dark colour also suggests heating is occurring. The 
amount of lubricant film was sufficient to appear to be smeared over the pintle surface and thick 
enough to not be able to see the pintle surface. 

These are the only self-lubricating bushings, which due to their wall thickness and resilient properties, 
had virtually 100 % contact on the pintles. 

Table 1 
Summary of Test Results – Five (5) inch 
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Thordon HPSXL 0.10 0.075 2.5 0.8 0 0 
Kamatics Karon V 0.07 0.05 2.25 0.45 0 -0.25 

Tenmat T814  
(retaining collar) 

0.11 0.065 -0.5 0.5 2.6 0.1 

 
Table 2 

Summary of Test Results – Six (6) inch 
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Thordon HPSXL 0.13 0.11 3.5 0.9 0 1.0 
Kamatics Karon V 0.135 0.125 -0.5 1.0 0 0 

Tenmat T814  
(retaining collar) 0.16 0.135 -4.5 5.0 5.5 -3.0* 

*  Anomaly in the test results as the side wear dropped suddenly possibly due to material shift or test 
setup shift. 
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The COF values were derived from the last half of the test period, when friction was stable and no 
drastic changes occurred 

DISCUSSION 

Coefficients of friction and direct wear measurements methodology were discussed in the Powertech 
Lab Inc. Report 13568-36-00 “Scale Model Testing of Navigation Lock Pintle Bushings”. However, 
the testing of these self-lubricating materials has introduced a set of different criteria to assess the vari-
ous products performance.  

All three products essentially survived the tests using silt laden river water as the test medium. First of 
all, two of the products, Thordon HPSXL and Kamatic Karon V, have thin lubricant layers bonded to a 
metallic backing. Tenmat T814 is a much thicker material. The Tenmat T814 generated almost one 
hundred percent (100%) contact to the pintle surface. The other two materials had contact areas 
(physical change to the bushing surface from the pintle contact) ranging from approximately twenty 
percent (20%) to eighty percent (80%). The difference is due to the Tenmat T814 being able to allow 
some flexing to shape to the pintle. The other two products have limited flexing to shape to the pintle 
surface.  

Thus, the smaller the contact area, the greater the unit loading on the bushing. In the case of the Thor-
don HPSXL and Kamatics Karon V, the pintles were contacting the bushing edges initially instead of a 
more uniform contact. This makes it difficult to assign a wear rate to the bushings as both wear and 
seating into the bushings are simultaneously taking place in a manner unique to the individual 
pintle/bushing combination (slight but significant differences in pintle/bushing radii). It is estimated 
the pintle/bushing should have at least a ninety percent (90%) contact area to generate a measured 
wear rate. Wear rates and even total displacement should not be used as part of the comparison criteria 
as it appears each pintle/bushing combination is unique. Possibly a different method should be speci-
fied when ordering pintle bushings to provide a better fit to the pintles. This has not been an issue with 
traditional bronze bushings and pintles. The bushings have usually been lapped in place to fit the 
pintle. 

Therefore the criteria for assessing the performance of these three products are friction levels and 
product appearance after the tests and to a lesser extent actual wear. Using appearance and friction, the 
Thordon HPSXL started showing the initial stages of material breakdown where wear debris was 
clumping towards the bushing edge. Once this occurs, the lubricant layer underneath appears to be 
breaking down compounding the clumping. This occurred in both six (6) inch and five (5) inch pintles.  

The Kamatics Karon V and the Tenmat T814 survived the tests with little indication of stress. Perform-
ance levels were similar with relation to friction and appearance. The Tenmat T814 was showing typi-
cal darkening of the lubricant material in all contact areas although there did appear to be a build-up of 
wear debris on the side loaded area of the bushing. It also had a significant break-in period on the six 
(6) inch bushing as evidenced by the audible noise and shaft vibration.  The Kamatics Karon V ap-
peared to show the least amount of stress on the contact areas (smaller contact areas – higher unit load-
ing), and operated with little or no vibration in the initial stages. 

CONCLUSIONS 

Three accelerated wear tests were performed on self-lubricating bushing/pintle combinations in silt 
laden river water. All three products essentially survived the tests with no total destruction of the lubri-
cant layers. Thordon HPSXL had started to show signs of the lubricant layer breaking down (clumping 
of wear debris) with fluctuating friction levels. The Tenmat T814 operated at an axial load ten (10) 
percent lower than the other two tests, however, the six (6) inch side required over half the test time to 
settle in (as indicated by audible noise and vibration). Upon conclusion of the test, the lubricant liner 
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had turned black particularly on the side load area, an indication of over heating. In spite of this, the 
bushings did survive the test.   

The Kamatics Karon V had the least amount of contact area with the pintle (thus the highest unit load-
ing), however, the contact areas were uniformly coated with lubricant and the bushing contact areas 
were polished smooth. This product appears to have performed in the tests with the least amount of 
stress. 

There is another issue with self-lubricating bushings fitting the pintle profile. This appears to be a 
problematic issue as two of the products (thin lubricant layers) had relatively low percentage of contact 
with the pintle (particularly the Kamatics Karon V).  There is limited flexibility with thin layered bush-
ings to adapt to the pintle profile whereas the Tenmat T814 provided virtually 100% contact. Perhaps a 
different protocol for specifying fit could be developed and/or a different design could be employed to 
provide a greater contact with the pintle. 
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Figure A1.  Schematic overview of scale model pintle bearing test frame. 
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Figure A2.  Location of displacement transducers for wear measurements. 
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Figure A3.  Location of torque transducer for measuring frictional load. 

 

 
Figure A4.  Top and bottom actuators assembly. 

 



Scale Model Testing of Navigation Lock  
Pintle Bushings – Additional Tests Powertech Labs, Inc. 

This project report shall not be reproduced, except in full, without the written approval of Powertech Labs, Inc. 
Project:  13608-36 14-Aug-03 Page 15 

 

5” pintle 
end 6” pintle 

end 

Support Bearings
Water Tank Static Load 

Cylinder 

Side Load 
Cylinder 

Top 
Actuator 

 
Figure A5.  Overview of test set-up. 
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Figure A6.  Close-up view of 6" pintle side. 
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Figure A7.  Close-up view of 5" pintle side. 
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APPENDIX B 
THORDON HPSXL TEST RESULTS 
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THORDON HPSXL PINTLE/BUSHING TEST 

The Thordon HPSXL pintle bushings initially started with noticeable vibration (chatter) particularly on 
the 6" pintle side. There was less vibration noticed on the 5" pintle side. This eventually changed to a 
high frequency squeal as the test progressed. The squeal continued, primarily from the 5" side, until 
the approximately the 50,000 cycle mark. At this point, light coloured powered wear debris was ob-
served in both tanks (more so on the 5" side). After approximately the 50,000-cycle point, as the 
squealing noise decreased, the friction levels and temperature started dropping. This continued until 
the end of the test. 

Post Test Examination:  
Five (5) inch pintle/bushing combination: There was a substantial build-up of wear debris as clumps of 
compacted light coloured powder side loaded area of the bushing (Figure B3). A darker coloured circu-
lar band below the accumulated wear debris indicates the principal area of pintle contact axially (Fig-
ure B2). This contact area is approximately at 45-degree angle to the pintle axis and covers about 20 
degree arc. This darker band is smooth with no depressions such as in the area directly above.  

There is some scoring/galling on the bushing edge loaded side of the pintle. The bushing was highly 
polished in all the contact areas. The pintle contact area where the dark band is on the bushing shows a 
light shading due to material transfer from the bushing. This is a good indication of as self-lubricating 
bushing functioning. The location where the wear debris had accumulated in bushing (as clumps) has 
some surface roughness along with polishing. The edge of the pintle shows some discolouring from the 
contact with the bushing.  

Six (6) inch pintle/bushing combination: This bushing showed a similar pattern of contact and wear 
debris build-up (although to a lesser extent) compared to the 5-inch pintle Figure B8). The dark contact 
band is at approximately a 60-degree angle to the pintle axis and covers about a 10-degree arc. 

The 6-inch pintle indicated a contact area of approximately 20 degrees of arc. Where the dark band is 
in the bushing, the same area on the pintle is coated with transferred bushing material (a good indica-
tion of self-lubrication taking place) (Figure B7). The contact area where wear debris had built-up 
(next to the bushing edge) had darker striations of deposited material. 
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Figure B1.  Close-up view of 5" pintle contact side.  There is marked scoring towards stepped 

edge of the pintle. 
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Figure B2.  Thordon HPSXL 5" pintle bushing. 

 
Figure B3.  Close-up view of loaded side of bushing.  Note accumulated wear debris. 
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Figure B4. 



 

 

Scale M
odel Testing of N

avigation Lock 
 

Pintle Bushings – Additional Tests 
Pow

ertech Labs, Inc. 

 

This project report shall not be reproduced, except in full, w
ithout the w

ritten approval of Pow
ertech Labs, Inc. 

P
roject:  13608-36 

14-A
u

g-03 
P

age 22 

 PINTLE BEARING TESTS
5" PINTLE/BUSHING

WEAR

-2

-1

0

1

2

3

4

5

6

7

8

0 50000 100000 150000 200000 250000

Number of Cycles

D
IR

EC
T 

W
EA

R
 (m

ils
)

5" AXIAL

5" HORIZONTAL

Thordon HPSXL

 
Figure B5. 
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Figure B6. 



Scale Model Testing of Navigation Lock  
Pintle Bushings – Additional Tests Powertech Labs, Inc. 

 
 

 

 
Figure B7.  Overview of Thordon HPSXL 6" pintle.  Note staining of pintle on loaded side. 

 
Figure B8.  Close-up view of Thordon HPSXL 6" pintle bushing.  Primary contact 

area is at top of image. 
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Figure B9.  Close-up view above image on loaded side.  Note accumulation of wear debris above 

darker contact area. 
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Figure B10. 
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Figure B11. 
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Figure B12. 
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APPENDIX C 
KAMATICS KARON SELF-LUBRICATING BUSHINGS/PINTLE TEST 
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KAMATICS KARON V SELF-LUBRICATING BUSHINGS/PINTLE TEST 

The Kamatics Karon V bushing/pintle combinations operated throughout the test without any indica-
tion of stress. The test ran quietly with low friction and low temperatures after the pintles had settled 
in. 

Post Test Examination: 
Five (5) inch pintle/bushing combination. The test started with relatively high friction (no audible indi-
cations the stress was excessive). As the pintle settled into the bushing, the friction levels and operating 
temperatures dropped. The pintle contact area was next to the top and extended over an arc of ap-
proximately 30 degrees (Figure C1). The area was uniformly coated with transferred lubricant material 
indicating the self-lubricating bushing was performing, as it should.  

The bushing contact area was limited to the top of the bushing over an arc of approximately 30 de-
grees. A dark highly polished band evidenced this, which was slightly wider on the side-loaded area of 
the bushings (Figure C2). This contact area did not show any signs of stress although there were small 
amounts of wear debris on the edges of the contact areas. 

Six (6) inch pintle/bushing combination. The six (6) inch bushing followed a similar pattern as in the 
five (5) inch greased bushing test. The contact areas were highly polished and next to the top edge of 
the bushing (Figures C8 and C9). The pintle contact area was over approximately 20 degrees of arc (at 
right angles to the pintle axis) and had a uniform light colour from the transfer of lubricant material 
from the bushing (Figure C7). 
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Figure C1.  Close-up view of 5" pintle from Kamatics Karon V test. 

 
Figure C2.  Close-up view of 5" Karon V bushing.  Note uniform polished contact areas. 
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Figure C3.  Close-up view of 5" Karon V bushing.  Note highly polished contact 
area.  There is no indication of stress to the lubricant layer. 
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Figure C4. 
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Figure C5. 
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Figure C6. 
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Figure C7.  View of 6" Kamatics Karon V pintle. 
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Figure C8.  View of Kamatics Karon V bushing.  Note dark band, which is next to top edge.  This 
is the pintle contact area. 

 
Figure C9.  Close-up view of above image on loaded side.  Note polished contact area.  
There does not appear to be any stress to this area. 
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Figure C10. 
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Figure C12. 
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APPENDIX D 

TENMAT SELF-LUBRICATING BUSHING (RETAINING COLLAR) TEST RESULTS 
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TENMAT T814 (Retaining Collar) PINTLE/BUSHING TEST 

The bushings were composed of a lubricant layer 0.1875 inch thick (Tenmat T814) mounted on a 
bronze backing. The lubricant layer has a light brown colour showing fabric like texture. These par-
ticular bushings were held in place with a stainless steel collar compressing the Tenmat T814 into the 
bronze backing. The test initially started with significant vibration (loud noise). This continued for 
approximately 100,000 cycles reducing in volume as the pintles seated into the bushings. At approxi-
mately the 140,000 cycle point, the water had run out in the reservoir due to spillage. The temperature 
increased for a short period of time (50 deg C for the 6 inch pintle and 35 deg C for the 5 inch pintle). 
The water was replaced and the test continued quietly until the end.   

Post Test Examination:  
Five (5) inch pintle/bushing combination:  Pintle contact on the bushing was virtually 100%.  The 
pintle was highly polished with bands of transferred bushing lubricant material. The bands, particularly 
on the side-loaded area, are an indication of a functioning self-lubricating bushing Figure D1).  

The bushing contact surfaces were polished. There were darker bands towards the bottom of the bush-
ing (Figure D2). There was some build-up of wear debris at the bottom of the bushing. The bushing 
did not appear to have been stressed by the test, as it was 100% intact.   

Six (6) inch pintle/bushing combination: pintle contact was approximately 95%. The pintle was highly 
polished over most of its contact surface. The edge of the pintle where the main side load was applied 
had a darkened deposit of transferred bushing material (Figure D7). This was adhering well to the sur-
face and was rough in texture. 

The bushing contact surface was polished smooth. The loaded side of the bushings was darker in col-
our and corresponded to the same area on the pintle (Figure D8).  The bottom of the bushing appears to 
have a build-up of dark wear material. Otherwise, the bushing is similar in appearance to the five (5) 
inch combination and does not appear to be stressed by the test regime. 
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Figure D1.  Overview of 5" Tenmat T814 pintle.  Due to the thickness of the bushing-retaining 

ring, the first row of pintle anchoring holes had to be machined away. 
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Figure D2.  Close-up view of 5" Tenmat T814 bushing. 

 
Figure D3.  Close-up view of Tenmat T814 5" bushing.  Note darker contact areas. 

Retaining 
ring 
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Figure D4. 
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Figure D5. 
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Figure D6. 
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Figure D7.  Overview of 6" Tenmat T814 pintle.  Note transferred lubricant material on 

side of pintle contact surface. 
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Figure D8.  Close-up view of 6" bushing.  There is no indication damage to the bushing.  

Contact is over 95% of the bushing surface.
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Figure D9. 
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Figure D11. 
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