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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

*Systéme Intemational 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°°C
Coefficient of Linear Expansion: Parallel 11 x 10°°C
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°/°C

Coefficient of Linear Expansion: Parallel 50 to 60 x 10°/°C

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: Paralle! 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°°C
Coefficient of Linear Expansion: Parallel 45 10 100 x 10°/°C
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

4 to 7 x 10°°C (depending on bearing metal)

Expansion:
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

g 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 Locké 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
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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 pér 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.

rd

~ Old Hickory Lock

0l1d 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 Lubrite had begun to lose its inner lubricating sur-
B22-C86300 (manganese bronze) face.
Thordon SXL TRAXL on bronze — C93200 The bearings were in good condition.

Rowend R-8 - CDA 8630 (manganese bronze) | The Rowend bearing experienced severe pitting of
with an inner lubricating material R-8. its base metal due to galvanic corrosion.
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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).

Field Experience

Cost Accelerated (as of August
Manufacturer Product (US §) Material Testing Results* 2003)
Thordon HPSXL 9,000to | Polyurethane Thordon HPSXL Thordon SXL mate-
SXL 11,000 survived 200,000 rial performed well
cycles; clumping of | up to 7 yr in Ohio
wear debris shows | River (Cannelton
signs of impending | Lock, Tell City, IN;
breakdown Louisville District);
80% eroded after 8
yr
Tenmat T814 12,000 to | Woven Phenolic Survived 200,000 None
14,500 cycles; some
evidence of over-
- heating
Kamatics KAronV | 11,500 to | Glass flake epoxy with | Survived 200,000 None
: 14,000 polytetrafluoroethylene | cycles; contact
(PTFE) ‘| areas uniformly

coated with
lubricant; bushing
contact areas
polished smooth.

* 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-Jubricating bushings. In some cases,
however, equal or lower cost was reported.




22 ERDC/CERL SR-04-8

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
1installation 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 bn Self-
Lubricating Bushings

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

sekk

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 Floafing 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- Custom

facturer product, custom item, no longer

available)

Installed Cost Relative to Bronze Bushing | More

(more, less, same)

Date Installed 1997

Length of Service (years/months) 4 years

How Installed 5 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 | Better
Bronze (better, same, worse, much worse)
Overall Rating (excellent, very good, Excellent
good, poor, unsatisfactory)
Would you recommend this product for a Yes

similar application?

Additional Comments

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

*** Dlease 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"1.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- Custom

facturer product, custom item, no longer

available)

Instalied Cost Relative to Bronze Bushing | More

(more, less, same)

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

similar application?

Problems Encountered in Service None

Bearing Performance Relative to Greased | Better

Bronze (better, same, worse, much worse)

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

Would you recommend this product for a

Yes

Additional Comments

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

=+ Dlaase submit a separate Questionnaire for each application at each installation

deddke

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 1 Floating Mooring Bitt Rollers
Bearing Manufacturer i Lubron

Specific Product Installed AQ 100

Size of Bearing (length/diameter) 5" 1.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- Custom

facturer product, custom item, no longer

available)

installed Cost Relative to Bronze Bushing | More

(more, less, same)

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 | Worse

Bronze (better, same, worse, much worse)

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

Would you recommend this product for a No

similar application?

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 Fioating Mooring Bitt Thrust Washers ”
Bearing Manufacturer Tenmat
Spéciﬁc Product Installed Feroform T814
Size of Bearing (length/diameter) §5"1.D.and 7 12" 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- Custom
facturer product, custom item, no longer
available)
Installed Cost Relative to Bronze Bushing | More
(more, less, same)
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 Be-tter
Bronze (better, same, worse, much worse)

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

Would you recommend this product for a Yes

similar application?

Additional Comments

The floating mooring bitts continue to operate as intended with no

operational or maintenance issues.

e
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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 56/8", 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- Custom

facturer product, custom item, no longer

available)

Installed Cost Relative to Bronze Bushing | More

(more, less, same)

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 | Worse
Bronze (better, same, worse, much worse) .
Overall Rating (excellent, very good, Poor/unsatisfactory

good, poor, unsatisfactory)
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ATTRIBUTE INFORMATION
Would you recommend this product for a No

similar application?

Additional Comments

Bearing squeals once the brake-in grease has dissipated.

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

deded

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- Custom

facturer product, custom item, no longer

available)

Installed Cost Relative to Bronze Bushing | More

(more, less, same)

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 %2 years of use.
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similar application?

‘Problems Encountered in Service None
Bearing Performance Relative to Greased | Better
Bronze (better, same, worse, much worse)

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

Would you recommend this product fora . | 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- Custom
facturer product, custom item, no longer

available)

installed Cost Relative to Bronze Bushing | More

(more, less, same)

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 beaﬁng)

Inspection Resuilts

New bearing, no results yet

Problems Encountered In Service TBD
Bearing Performance Relative to Greased | TBD

Bronze (better, same, worse, much worse)

Overall Rating (excellent, very good, TBD

good, poor, unsatisfactory)

Would you recommend this product for a TBD

similar application?

Additional Comments New bearing

++ Plaase submit a separate Questionnaire for each application at each installation

Kekk

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

facturer product, custom item, no longer

Number of Cycles 16
River Water Conditions Moderate silt, clams
Commercial Availability (standard manu- Custom
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ATTRIBUTE INFORMATION
available)

Installed Cost Relative to Bronze Bushing | More

(more, less, same)

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 | Same
Bronze (better, same, worse, much worse)

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

Would you recommend this product for a Yes

similar application?

Additional Comments

No known problems to date
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=+ Dlaase submit a separate Questionnaire for each application at each installation

*kk

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" 1D
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- Custom

facturer product, custom item, no longer

available)

Installed Cost Relative to Bronze Bushing | More

(more, less, same)

Date Installed 1993

Length of Service (years/months) 8

How Installed Force fit

Mating Surface AB68

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 | Same
Bronze (better, same, worse, much worse)
Overall Rating (excellent, very good, Good

good, poor, unsatisfactory)
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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 | Same
(more, less, 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 | TBD
Bronze (better, same, worse, much worse)

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

Would you recommend this product for a TBD
similar application?

Additional Comments None

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

dekk

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 | 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.

| 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

good, poor, unsatisfactory)

Overall Rating (excellent, very good,

Data Not Available

similar application?

Would you recommend this product for a

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" .D. x 2.5" Long"):

Top Bushing - 10.0124" 1.D. X 10" long
Bottom Bushing - 12.0156" .D. X 25.75" long
Thrust Washer - 12.0156" 1.D. X 24" 0.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) Equalto
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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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)

1.=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

sk

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

= Plaase submit a separate Questionnaire for each application at each installation

ek

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)

272 ; paralle! 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 | N.A.
(more, less, same)
Date Installed 1988
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Length of Service (years/months)

13 years

How Installed

Construction Contractor

Mating Surface AB68, 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 | Better

Bronze (better, same, worse, much worse)

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

‘Would you recommend this product for a Yes

similar application?

Additional Comments None

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

dekek

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

Liner Thickness

Perpendicular roller L=2.796, OD=3.901 inch
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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
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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

Additionat 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
(more, less, same)
Date Installed 1992
Length of Service (years/months) 9 years
How Installed Hired Labor
Mating Surface ABB8, 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.

N.A.

Inspection Results
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ATTRIBUTE

INFORMATION

Problems Encountered in Service

Loss of lubricant plugs

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

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

Would you recommend this product for a No

similar application?

Additional Comments

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

= Plaage submit a separate Questionnaire for each application at each installation

Kk

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 Vaive 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

(more, less, same)

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

Same
Bronze (better, same, worse, much worse)
Overall Rating (excelient, very good, Good
good, poor, unsatisfactory)
Would you recommend this product for a Yes
similar application?
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 | N.A.
(more, less, same)
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

Better
Bronze (better, same, worse, much worse)
Overall Rating (excellent, very good, Very good
good, poor, unsatisfactory)
Would you recommend this product for a Yes
similar application?
Additional Comments None )

e

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

dedede

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)

How Installed

Mating Surface

*

Surface Finish

*

Ease of Machining

*

Problems During Installation

(This page: see “Additiona! 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?

l

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-metaliic bushings at the trunnions of Spill Gate No.

9.
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** Please submit a separate Questionnaire for each application at each installation

dedek

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
(more, less, same)

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

How Installed

Construction contractor

similar application?

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 | Same
Bronze (better, same, worse, much worse)
Overall Rating (excellent, very good, Good
| good, poor, unsatisfactory)
Would you recommend this product for a 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- Standard product
facturer product, custom item, no longer

available)

Installed Cost Relative to Bronze Bushing | Less ‘

(more, less, same)

Date Installed

Length of Service (years/months)

2 gates in 1998 and 2 gates in 1999

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 | Better
Bronze (better, same, worse, much worse)
Overall Rating (excellent, very good, Excellent
| good, poor, unsatisfactory)
Would you recommend this product for a Yes
similar application?
Additional Comments None

= Plaage submit a separate Questionnaire for each application at each installation

*kek

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

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

*kk

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 7814

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

similar application?

Overall Rating (excellent, very good, Excellent
.| _good, poor, unsatisfactory)
Would you recommend this product for a Yes

Additional Comments

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

= Plaase submit a separate Questionnaire for each application at each installation

*kk

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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INFORMATION

ATTRIBUTE

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 | About the same
(more, less, 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 Resuits

Data Not Available

Problems Encountered in Service

Data Not Available

Bearing Performance Relative to Greased

Not enough data
Bronze (better, same, worse, much worse)
Overall Rating (excellent, very good, Excellent
good, poor, unsatisfactory)
Would you recommend this product for a Yes <

similar application?

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

Todd Crutchfield — 859-567-7444

Name/Title/Phone Number of Contact
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

(more, less, same)

Number of Cycles Data Not Available
River Water Conditions Data Not Available
Commercial Availability (standard manu- Standard product
facturer product, custom item, no longer
available)

|| Installed Cost Relative to Bronze Bushing | Same

Date Instalied

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

e

Problems Encountered in Service

Data Not Available

good, poor, unsatisfactory)

Bearing Performance Relative to Greased | Not enough data
Bronze (better, same, worse, much worse)
Overall Rating (excellent, very good, 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 7814

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- Standard product
facturer product, custom item, no longer

available) ,

Installed Cost Relative to Bronze Bushing | Same

(more, less, same)

Date Installed

April 2000 and April 2001

Length of Service (yearslmon_ths)

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

similar application?

Overall Rating (excellent, very good, Execellent
| good, poor, unsatisfactory)
Would you recommend this product for a Yes

Additional Comments

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

= Plegse submit a separate Questionnaire for each application at each installation

hedede

[ 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 7814

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- | Standard product
facturer product, custom item, no longer

available)

Installed Cost Relative to Bronze Bushing | Same

{more, less, 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 | Not enough data
Bronze (better, same, worse, much worse)

Overall Rating (excellent, very good, Excellent

good, poor, unsatisfactory)

Would you recommend this product for a Yes

similar application?

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" diax 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- Standard product
facturer product, custom item, no longer

available)

Installed Cost Relative to Bronze Bushing | Same

(more, less, 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, Exce! 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, Excellent
good, poor, unsatisfactory)
Would you recommend this product for a Yes

similar application?

Additional Comments

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

== Pleage submit a separate Questionnaire for each application at each installation

dekek

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- Standard product
facturer product, custom item, no longer

available)

Installed Cost Relative to Bronze Bushing | Same

(more, less, 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, Excellent
good, poor, unsatisfactory)
Would you recommend this product for a Yes

similar application?

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

(more, less, same)

Bearing Manufacturer Tenmat

Specific Product Installed Feroform 7814
Size of Bearing (length/diameter) 9.125" diax 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- Standard product
facturer product, custom item, no longer

available)

Installed Cost Relative to Bronze Bushing | Same

Date Installed

March/April ZQOO 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

similar application?

Bearing Performance Relative to Greased | Not enough data
Bronze (better, same, worse, much worse)
Overall Rating (excellent, very good, Excellent
| good, poor, unsatisfactory)
Would you recommend this product for a 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

Jededk

ATTRIBUTE

INFORMATION

Project Name/lL.ocation

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" diax 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- Standard product
facturer product, custom item, no longer

available)

Installed Cost Relative to Bronze Bushing | Same

(more, less, 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 | Not enough data
Bronze (better, same, worse, much worse)

Overall Rating (excellent, very good, Excellent

good, poor, unsatisfactory)

Would you recommend this product for a Yes

similar application?
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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

dekede

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,

Data Not Available

good, poor, unsatisfactory)
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

dhk

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 Resuilts

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 -t

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

dekek

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

(more, less, same)

Installed Cost Relative to Bronze Bushing

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

*kk

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

Hekede

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

similar application?

Would you recommend this product for a

Data Not Available

Additional Comments

None
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Appendix B: Manufacturers’ Literature

1. Orkot TXIM MArine .......ccceceerenenvesresniseereninsessesseenss e 77
2. Lubrite Technologies G10 and G12.........ccoouiiinierennniienieeeinicinnseineenes 82
8. GATIOCK DU .ottt eesessese st st et e e sessesssssntsaesbsssseseenesaesssssssassssnsssssssassunsnssnss 88
4. Tenmat Feroform T8I14.......cvveeererenereeeniniiiicteeeessessseseseest s ssesessessesesassanssssns 90
5. Thordon SXL and HPSXLi......c.ceiirrrececresiiinirieesessesessessessassssssssssessssssstsssssess 93
6. Kamatics KATON V .....uoouieeiecienieieseesteniisnesteesnesssasssessssssseesesessessssssnessussssssnssns 100
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‘Orkot ompoies

-Orkot® TXM Marine |

Orkot® TXM Marine fs manufactured from medium weave fabrics with excellent mechanical strength Addllmnauy it has
a unique low friction bearing surface ncorporating molybdenum disulphide and PTFE. Orkot® TXM Marine fs
recommended for all bearings where a combination of strength and very low friction is requxred Due tothese prepcrt
TXM Marine can gliminate stick-sfip in many app acaimns

‘Mechanical Properties

IMPERIAL - METRIC
- TENSILE STRENGTH >B500 lotlin® >55 Njmm®
: TENSILE MODULUS 46.5% 10° Ibfin® .o.éz x 10" Nimm®
COMPRESSIVE STRENGTH ' ‘ '
Normat to Laminate >40700 1bffin? >280 N/mm®
Parallel to Larminate >13000 167 >80 Nimm?
FLEXURAL STR.ENGTH >8400 Ibfin® >85 N
FLEXURAL MODULUS 276x 10° ot 0,19 x 10° i
- $HEAR STRENGTH 11600 (o7 80 rsmﬁm’- k
 HARDNESS ROCKWELL M 100 100
IMPACT STRENGTH - . “»120 kdim®
DENSITY 0.047 Iofin® 13 gem®
SWELL IN WATER <0.1% < 0.1%

STATIC COEFFICIENT OF FRICTION DRY AT 15 Nfmm®

0.05-010

Thermal Properties

LINEAR EXPANS%ON COEFFICIENTS

 B6-212°F {per'Fx 10%

20-100°C (perC x 10%)

For further information visit : www.orkot.us

Normal to Laminate 50«85 9~ 10
Paralle! to Lamma!e 27-33 5.6
THE ABOVE VALUES ARE TYRICAL - »

Tet  +1{541)6885529

Fax:  +1 {541} 6882070 .

Emaif: enquiries.americas@orkot.com
" i inforasstion irs thix tacumieri! is Based pa many

ey yoars o
Poneral sements Surtng udacm. s v et Mxm&:fm ﬂmmw abthe s:nlat"!?{,‘ SFinidL prtdkasss Betagh
sopbratioos of cur prodorts, Stiths Group pic ang Orkot Carposies tan seress no tabdiy 22 to the switatily or

Europe, Africa, Asia

. North & South America
Orkot Composlies Qrkat Composites
23538 Pralrie Road Bradmarsh Businass P«rﬁ'
Eugene Rotherham
Oregon, 81402 SBOTBX

Tet  +44 {0)1708 789800
Fax: +44 (0)1709 374619
Emalf © enquiries@mkatmm

" 5

o Qekixt SOt prodicis. Homiovr, (rim Barifesem and condiens m:sy wm—s
Aoaguate toslting, o tris rcnm DO Gt 10 WD WIS TRADR

RIratng COnEBOns Fiaate Bersilt your Okt Comp

G Polymer Saaling Satations 2002

of o gonead
Oagl’is Bacs mask of Fdymer &a«'»&ﬂg Satutions Limaage
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‘ ! Orkot Composites |

Orkot Materials

Orkot manufacture a range of thermoset composite bearing materials

incarporating advanced polymer technologies. These are made from technical

fabrics impregnated with thermosetting resins, evenly dispersed solid lubricants

and further additives to ensure the optimum solution is reached to satisfy many
_ engineering applications.

Orkot materials have many advantages over more tradxtronal metaflic bcanng
materials and other pofymeric bearings including: L
® Low coefficient of friction
# High load capacity

- ® Good chemical resistance
# Operates in fresh or salt water without fubrication
& Damping of vibration
& Accommodation of shaft misalignment

. ® Ease of machining
® Fitting by pressing, freezing, adhesives and mechanical methods
# Dimensional stability -

# Reduced thermal softening and minimal creep
* Does not encourage galvanic corrosion '
® Orkot contains no asbestos or environmentally hazardous!toxxc substanros

Many successful applications for Orkot involve highly loaded beanngs or pads
operating with intermittent or oscillating movements

Manufacturing composite bearings since 1954, Orkot have supplied camponcnts
to thousands of satisfied customers world-wide in a diverse range of markets,
under both the Orkot and Luytex brand names as part of a fong standmg :
refationship with the B+S Group, including:

# Raflways

* Off-road vehicles

* Process equipment

& Injection moulding machines

# Pumps and Valves

# Lifting and handling cqunpmcm

¢ Hydropower

# Formula one racing cars

® Roll coverings '

¢ Marine (specialised marine appllcat:ons covered by other publ:ratnons}

<<<BACK | PAGE ', OF 27 NEXTS>>
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Properties / Specification

-ktzt: mmpgsst@&

3201112 >300 80 | 80 2800 85 1.25

C335/C361 v - Cond
324 350 80 80 | 3400 85 zs
338 : : 5 : o SR
€363 | »>200 80 Ce0 2800 85 125 .
€364 >280 80 60 2800 85 1,25
€378 ‘ : ’ :

BS 2782:1993 and Orkot standard methods.

‘ Mechanical

a flat laminate sheet.

applecatxon exceeds these values.

<<< BACK

Note, alf data based on tests to BS EN i50604 1987, BS EN ISO ? 78: 1997,

Higher load values than those iridicated above have been used for spéciﬁc
" applications. Please contact Orkot Product Management for assrstance if your

Under compressive load, standard Orkot grades behave in an elasttc manns-r up
to a yield point. Beyond this, permanent deformation may occur, .

For most static apphcamons, a maximum des:gn load of 80N/mm? should be used o
with 40N/mm? maximum for dynamic applications. However, dynamic app!:cation '
is also dependant on the PV (pressure X velocity) value (see page 12).

These values are with fully supported bearmg surfaces and forces perpendxcu!ar
to the laminations. For forces applied parallel to the laminations, suich as on the
end face of a flanged bush, only fight loads should be used, typicallytoa -
maximum of 40N/mm? for static loading and 20N/mm? for dynamic. Higher
loads may require the use of, for example, separate thrust washers made from '

NEXT>>>
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As with all composite bearings, the effective Young's Modulus in application for
Orkot materials is very dependent upon the shape of the component and the
support provided for it. Modulus values for Orkot standard grades range from
800 to 3000N/mm?. Thus, calculating the deformation of a pad or the degree by
which a shaft moves off the centre line when under load is complex and
depends on the wall thickness, any shaft misalignment and the bearing
clearance. Please contact Orkot Product Management for assistance tf bearmg
deflection is lmportant in your application.

Thermal

Orkot materials have low thermal conductivity and operate as thermal
insulators. As with all polymer bearing materials, the thermal expansion of : _
Orkot must be taken into consideration during the design process, particutarly : L
when operating at higher temperatures or with components having thick IR
sections. As a laminate material, the coefficient of thermal expansaon is
dafferent perpendicular or parallel to the layers,

The wall thickness of a bush should be kept to a minimum to limit the effect of
thermal expansion and to better control clearance levels. '

<<<BACK (PAGE O _ L NEXT :}‘:":"
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gineering manual

Orkot Composites

Swell

Orkot endeavour to minimise the swell of their material in water, a common
issue effecting polymers. The swell of Orkot standard grades is very fow
compared with many other materials at < 0.1% of wall thickness whifst 0324
and C338 grades have a swell of <1%.

Food and potable water contact

Orkot produces a range of materials which are safe for contact wrth foc;d with
all constituents listed by the Food and Drug Administration (FDA), The
materials available include compounds which, by use of special resin systems,

. offer improved temperature and cleaning chemical resistance compared with
many traditional plastic materials. The d:spersed PTFE Iubrlcant used by Orkot 1s
also FDA listed, :

€322 (TLM) has been appmved for cold water apphcanons follomng extenswe s
testing to BS6920 (2000) in accordance with the Water Regulatrons Adwsory
Scheme (WRAS).

Further information on these approvals is avaltable on request

PV and Coefficient of friction | |
- A major advantage of Orkot materials is their ability to withstand high loads
“with intermittentfoscillating mavement. However, as with many polymer -

bearing materials, consideration must be given to the sliding faces causmg
frictional heat if moving for long periods.

Additives inciuded in Orkot materials reduce the coefficient of frictfon and thus
the heat generation. This can be further improved by use of external lubricants
in the form of oil, grease, water or other process chemtcats

Many factors effect the coefficient of friction for a beanng partlcufariy the
counter face surface finish, bearing pressure and contamination. Please contact -
Orkot Product Management for assistance if the coefficient of fnctxon is critical -
to an application. - <

For information, the following tab!e indicates some typi:;a‘! values found in
oscillating motion with bearing pressures between 10 and 80N/mm?*

<<< BACK

NEXTS>> -
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Standard & Specification [No9103740  [Rev: A
Title: Hydroelectric Bearings with Type G10 Lubricant '
- Prep. By: Manganicllo B I Date: 5/12/00 l Appr. By.: Mo@Shc&t: of

SPECIFICATION FOR LUBRITE® TYPE G10 LUBRICANT
FOR HYDROELECTRIC SERVICE

A. Bearings shall be Lubrite Self-lubricating Bearings designed and manufactured by Lubrite -
Technologies, 18649 Brake Shoe Road, Meadville, PA 16335 or Engincer approved equal. They
shall be suitable for exposure to their applicable environment. The bearings shall be a standard
product of an established bearing manufacturer with a successful performance record of tcn 10y
years in similar applications.

B. The bronze alloy employed in the manufaclure of the bushings shall be High Strength Manganesc
Bronze centrifugally cast to the requircments of ASTM B271-C86300.

C. The lubricant shall consist of a combination of solids having non-deteriorating characteristics as well
as inherent ubricating qualitics. The lubricant shall be capable of withstanding the effects of long-
term atmospheric exposure and submersion in scawater, fresh water, and most solvents. Graphite,
molybdenum disulfide or other ingredients that tend to promote electrotytic or chemical action are
prohibited. The use shellac, tars, solvents or other non-lubricating binder materials will not be
acceptable. The Type G10 lubricant shall have a Durometer hardness of 90 on the Shore A Scale
when tested in accordance with ASTM D2240.

D. The lubricant shall be integrally motded and comprcsscd into recesses provided for comammcm of
the lubricant. The recasses shall be of sufficicnt depth to properly contain the fubricant and shatl
comprise not fess than 30 percent of the total bearing area. The recesses shall be arranged inan
overtapping geometric pattern with successive rows overlapping in the direction of motion. 'I‘mpan
recesses, not drilled holes, shall be used for diameters 10 inches and larger

E. The lubricant shall cover 100 percent of the bearing area and be dense and lubricative. The lubricant
* shall not be scraped or machined in any way after manufactore. The surface roughness of the
lubricated surface shall not exceed 125 micro-inches.

F. The bushings shall have a gencral design capacity of not more than 8,000 psi at 10 sutface feet per
minute. The static coefficient of friction between the bushing and the journal shall not eacecd 0067 -
when subjected to a design unit loading of 2 0 KSI or greater. . :

'G. The bushing wall thickness, fits, and tolcrances shall be as recommended by the manufacturer.

H. Certificate of Compliance and Certificd Mill Test Reports shall be furnished.

I. ‘When required by the Engincer, the manufacturer shall furnish facilities for testing and i.nspcction of

;§ . the completed bearings or representative samples. If the manufacturer’s facility ducs not permnt
' lesting, an approved independent testing laboratory may be used.

l ForM 116~ LUBRITE® TECHNOLOGIES, 145 Webster Strect, Suite J, Hanover MA, 02339
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Standard & Specification | No 9103403 Rev: E

| Title: Lubrite® Bearings with Type G12 Lubricant

“rep. By: Manganiello £5tA | Date: 8724/00 [Appr By.: Mo(z@)l Sheet* af

Pagc 1of2
SPECIFICATION FOR LUBRITE® BEARWGS USING
TYPE G12 LUBRICANT

10 PURPOSE:

This specification is intended to provide genemi reqmrements and information for use in the desxe;n of
Lubrite Bcanngs utilizing the Type G12 Lubrication System. :

2.0 SCOPE:

This specification applies to all t}pes of Lubnte Bearings that may be in a Bushmg, Fldt, Radmi of .
Spherical configuration. Information contained in this specification should be used only as a guide.
Design specific requirements and operating parameters should be forwarded to Lubﬂte s Design
Engincering Group for review and recommendations. .

3.0 DESCRIPTION:

Type GI12 Lubricant is a self-lubricating, reinforced polymeric composite eyetcm that i 1s mghly wear-
resistant and capable of excellent performance under extreme operating conditions. The lubricant may
be re-machined or left as applied dependent upon design and/or operational requirements. This material

contains no metallic or other compornents that may cause electrolytic or other chemical action. Due to
its polymeric nature the lubricant is unaffected by many solvents and petroleum bascd compounds

including most gieases and oils commonly encountered in stractural or machine environments. Lubritc

should approve any specific materials that may come in contact with the lubricated surface.

4.0 SPECIFICATIONS:

4.1 Design Bearing Pressures: Up to 40,000 psi

- 4.2 Coefficient of Friction Range: 0.03 - 0.10 '

" 4.3 Operating Temperature Range: -40°F (-40°C) to 500°F (260°C)
4.4 Intermitient Temperature: 6p to 600°F (3 15°C)

. 4.5 Volume Resistivity: 1x 10" ohm-cm (¢ 27°C)

4.6 Thermal Conductivity: 8.2 x 10~ Cal cm/sec ~cm?
4.7 Hardness: ASTM 2)2240 “D™: 70-90 4 :
4.8 Density: 0.043 Lbs/In® ‘

5.0 APPLICATIONS:

5.1 Bushings (Radial and Spherical):

5.1.1 * Unless otherwise specified the Jubricant shall be applied to the substrate and re-’ma’chimd
1o obtain a minimum clearance between mating surface and lubricant of .004 inch
(.10mm). The minimum lubricant film thickness shall be 009 mch ( 23mm) after final
machining. ‘ :

PORM 110 LUBRI’I’E® TECHNOLOGIES, 145 Webster Street, Suite J, Hanover MA, 02339




ERDC/CERL SR-04-8

84
- Standard & Specification |No9103403  |Rev: E
| Title: Lubrite® Bearings with Type G12 Lubricant
f “rep. By: Manganiello 244 [ Date: 8/24/00 l Appr. By.: Moy@i Sheet: of
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5.1.2  Clearances and lubricant thickness may vary dependent upon bearing size, conf' gurauon
and operating conditions.

5.1.3  The substrate ma(cnal shall conform to alloys UNS C95500 or UNS C95800 Nickel
Aluminum Bronze. For Hydroelectric applications use Alloy UNS C86300 ngh Strength
Manganese Bronzc. ‘

5.1.4 The bearing substrate surfacc shall contain retention cavitics comprising not less than 25%
- nor more than 35% open arca. Unless otherwise specified, the lubricant shall cover 100%
of the lubricated surface and shall completely fill and cover afl cavities to the specificd
minimum film thickness. ,

5.1.5 The mating surface of the bearing should be a corrosion resistant material such as Type
304/316 stainless steel or Inconcl 625, For optimum lubricant performance the surface -
should be finished to a roughness no greater than 63 micro-inch RMS (1.6 micro-meter). A
ground or polished surface is pref erable to a finish that has been achicved through a single
point tool operation. -

5.2 Flat or Spherical Plates; All the preccdmg speczﬁcatmns shall apply except that lubricant film
thickness shall be maintained to 0.010 inch (0.254mm) minimum and for certain apphcatmns may '
not necessitate re-machining. v

|

6.0 Installation: <

During installation of thmc Bearings, the following recommendalmns should bc fol}owed m avmd
possible dam'lg.,e to the lubricant or substrate material,

1. For bushing applications designed with a press fit should be inscrted into the housing bore *
using smooth even pressure. Do not impact in any way. Do not shrink fit the bushing by
means of dry ice or other cooling methods. When handling the bushing care should be
exercised to avoid contact with the lubricated surface. Do not use metallic cable slings or
clamps, if possible. If rcquared Tifting eycs may be mcoxporamd into the bearing.

Bushings are shipped complete and ready for mslal}ataon when received and t}mreforc no -
further machining or alterations should be done prior to or after installation. The bushing’ ©-
should be clean and free of dirt, dust or other foreign material prior to installation' - a C]Cd!’l )
damp cloth should be used. Do not use solvents of any kind. : '

2. For other bearing configurations the above requirements shall also apply. In addition, if any
welding is to be performed in the vicinity of the bearing, care must be taken to avoid (N
temperatures above 350°F (176°C). Temperature indicating pencils or other suitable means ~ -
should be used. ' ’ ‘ : :

Fnan

rorM 110 LUBRITE® TECHNOLOGIES, 145 Webster Street, Suite J, Hunover MA, 02339 I
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Standard & Specification No 9103398  |Rev: H

Title: Hydroelectric Bearings with Type G12 Lubricant

rep. By: Manganiello TS\ [Date: 5/12700 | Appr. By.: Moghd Sheet: of

- SPECTFICATION FOR LUBRITE® TYPE G12 LUBRICANT
FOR HYDROELECTRIC SERVICE

. Bearings shall be Lubrite Self-lubricating Bearings desngncd and manufactnred by Lnbrm: o

Technologies, 18649 Brake Shoe Road, Meadvxile PA 16335 or Engineer approved equal. They -
shall be suitable for cxposure to their applicable environment. The bearings shall be a standard
product of an established bearing manufacturer with a successful perfonnance rccmd of ten 10)
years in similar applications. v : ‘

. The bronzc alloy employed in the manufacture of the bushmgs shall be Hzgh Smangth quganese

Bronze centrifugally cast to the requirements of ASTM B271-C86300.

. The lubricant shall consist of a combination of solids havn ng nondcwnoratmg charactemtrcs as wcll

as inherent Jubricating qualities. The lubricant shall be capable of withstanding the effects of long-
term atmospheric exposure and submersion in scawater, fresh water, and most solvents. Graphite,
molybdenum disulfide or other ingredients that tend to promote electrolytic or chemical action are
prohibited. The use shellac, tars, solvents or other non-lubricating binder materials will notbe
acceptable, The Type G12 fubricant shall have a Durometer hardness of belwecn 70 90 on the
Shore ‘D’ Scale when !ested in accordance with ASTM {)224(}

. The lubricant ghall be integrally molded and compressed into recesses pr(wxded for containment of

the lubricant. The recesses shall be of sufficient depth to properly contain the lubricant and shall
comprise not less than 30 percent of the total bearing area. The recesses shall be arranged in an _
overlapping geometric pattern with successive rows overlapping in the direction of motion 'I’mpan .
recesses, not drilled holes, shall be used for diameters 10 inches and largcr : o

. The lubncant shall cover 100 percent of the bcanng arca and be dense and lubncauvc Thc lubncant

- shall not be scraped or machined in any way after manufacture, 'I‘hc surface roughness of the
- lubricated surface «.hall not exceed 125 micro-inches.

H

The bushings shall have a gcncml design capaczty of not more than 8,000 psi at 10 surfaoe feet per ‘
minute. The static coefficicnt of {riction between the bushing and the journal shal) not excecd 0.07 -
when subjected to a design unit loading of 2.0 KSI or greater. :

. The bushing wall thickness, fits, and to]craﬁces shall be as recommended by the manufacthrcri'

Certificate of Compliance and Certified Mill Test Reports shall be furnished.

When required by the Engincer, the manufacturer shall furnish facilifics for testing and inspection of
the completed bearings or representative samples. If the manufacturer’s famhty does not pcmm
testmg, an approved independent t&simg laboratory may bc used ,

| FoRM 110

LUBRITE® TECHNOLOGIES, 145 Webster Street, Suite J, Hanover MA, 02339 _]
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Standard & Specification [Mo91034s4 [ Revs €
Title: Hydroclectric Bearings with Type G12 Lubricant ‘
rep. By: Manganiello &€5vA | Date: 5/12/00 | Appr. By.: Moy$s) Sheet: of

SPECIFICATION FOR LUBRITE® TYPE G12 LUBRICANT
FOR HYDROELECTRIC SERVICE

A. Bearings shall be Lubrite Self-lubricating Bc.mngs designed and manufactured by Lubrite’ ;
Technologies, 18649 Brake Shoe Road, Meadville, PA 16335 or Engineer approved equal. They
shall be suitable for exposure to their applicable environment, The bearings shall be a standard
product of ah established bearing manufacturer with a successful performance record of ten (10)
years in similar applications. : :

B. The bronze alloy employed in the manufacture of the bushings shall be Nicke! Aluminum Brcmze
centrifugally cast to the requirements of ASTM B271-C95500 or C95800.

~ C. The lubricant shall consist of a combination of solids having non-deteriorating characteristics as well | -
as inherent fubricating qualitics. The lubricant shall be capable of withstanding the éffects of long-
term atmospheric exposure and submersion in seawater, fresh water, and most solvents. Graphite,”
molybdenum disulfide or other ingredients that tend to promote electrolytic or chemical action arc
prohibited. The use sheltac, tars, solvents or other non-lubricating binder materials will not be
acceptable. The Type G12 lubricant shall have a Durometer hardness of betwccn 70—90 on the
Shore ‘D’ Scale when testcd in accordance with ASTM 1D2240.

- D. The lubricant ghall be integrally molded and compressed into recesses provided for containment uf
the lubricant. The recesses shall be of sufficicat depth to properly contain the lubricant and shall
comprisc not less than 30 percent of the total bearing area. The recesses shalf be arranged in an
overlapping geomelric pattern with successive rows overlapping in the direction of motion. Trcpzm
recesses, not drilled holes, shall be used for diameters 10 inches and larger.

- - E. The lubricant shall cover 100 percent of the bearing area and be dense and lubricative The lubricant
shall not be scraped or machined in any way after m:mnfacturc The surface roughness of the
Jubricated surface shall not exceed 125 micro- mchcs .

F. The bushings shall have a general desi gn capacity of not more than 5,000 psi at 10 surface feet pcr ’
minute. The static cocfficient of friction between the bushing and the journal shall not excced 0.07
when subjected to a design unit Joading of 2.0 KSIor greater. : :

. G. The bushing wall thickness, fits, and toleranccs shall be as recommended by the manufacturer.

H. Certificate of Compliance and Certified Mill Test Reports shall be furnished.
1. When rcquircd by the Engineer, the manufacturcr shall furnish facilities for testing and inspcétian of :

the completed bearings or representative samples. If the manufacturer’s facility docs not permit
testing, an approved independent testing laboratory may be used. S

(FORM 1o LUBRITE® TECHNOLOGIES, 145 Webster Street, Suite J, Hanover MA, 02339 . ‘
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Standard & Specification |No910316s [ Rev: F
Title: Hydroclectric Bearings with Type G10 Lubricant ; .
;' _Tep.By: Manganicllo £oA [ Date: 5/12/00___ | Appr. By.: Mofga) Shoct: of

SPECTFICATION FOR LUBRITE® TYPE G10 LUBRICANT
FOR HYDROELECTRIC SERVICE '

A. Bearings shall be Lubrite Self-lubricating Bearings desi gned and manufactured by Lubrite
Technologies, 18649 Brake Shoc Road, Meadyville, PA 16335 or Engineer approved equal. They
shall be suitable for cxposure to their applicable environment. The bearings shall be a standard
product of an established bearing manufacturer with a successful performance record of ten (10)
years in similar applications. : B S

B. The bronze alloy employed in the manufacture of the bushin gs shall be Nickel Aluminum Bronze'
~ centrifugally cast to the requirements of ASTM B271-C95500 or C95800. e

_ C. The lubricant shall consist of a combination of solids having non-deteriorating characteristics as well
as inherent lubricating qualities. The Inbricant shall be capable of withstanding the effects of long-
term atmospheric exposure and submersion in seawater, fresh water, and most solvents. Graphiie,
molybdenum disulfide or other ingredicnts that tend to promote electrolytic or chemical action are
prohibited. The use of shellac, tars, solvents or other non-lubricating binder materials will not be
acceptable. The Type G10 lubricant shall have a Durometer hardness of 90 on the Shore ‘A’ Scale

when'tested in accordance with ASTM D2240. o

D. The lubricant ghall be integrally molded and compressed into recesses provided for containment of
the lubricant. The recesses shall be of sufficient depih to property contain the lubricant and shall
comprise not less than 30 percent of the total bearing arca. The recesses shall be arranged inan
overlapping geometric pattern with successive rows overlapping in the direction of motion. Trepan
recesses, not drilled holes, shall be used for diameters 10 inches and larger, o R

E. The lubricant shall cover 100 percent of the bearing area and be dense and lubricative. The lubricant
shall not be scraped or machined in any way after manufacture. The surface rou ghness of the
fubricated surface shall not exceed 125 micro-inches. ' i

F. The bushings shall have a general design capacity of not more than 5,000 psi at 10 surface feet per
- minute. The static coefficient of friction between the bushing and the journal shall not exceed 0.07
when subjected to a design unit loading of 2.0 KSI or greater. o : :

G. The bushing wall thickness, fits, and tolerances shall be as recommended by the ma_nnfactnré'r,:E

i

Certificate of Compliance and Certified Mill Test Répons shall be furnished.

-1 'Wlhn required by the Engineer, the manufacturer shall furish facilities for testing and inspection of
the completed bearings or representative samples. If the manufacturer’s facility does not permit
testing, an approved independent testing laboratory may be used. R o

[ForM 110 LUBRITE® TECIINOLOGIES, 145 Wcbster Street, Suite J, Hanover MA, 02339 : ]
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Glacier Garlock Bearings - Hoime Page
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Glacier Garlock Bearings

Self-lubricating and
Prelubricated Bearings

Glacler Garlock Bearings is proud to be the world's

largest manufacturer of metal-polymer plain beatings.

More than 50,000 customers worldwide use products
from our full line of self-lubricated, marginally
lubricated and fully lubricated plain bearings. Our
products are avaifable in a variety of forms such as
cylindrical wrapped bushes, flanged bushes, thrust
washers, or as special parts manufactured fo
customer requirements, Whatever your project
requires, our experts will work with you'to ﬂnd the
perfect bearings solution.

To meet your bearings needs, we offer:

an extensive product rangs including lead-free, self-
lubricated bearings compliant with ELV legistation
sophisticated R&D facilities and test centers
superior Application Engineering suppaort

fiexibie manufacturing for diverse applications

20 Jocations In 17 countries

" a comprehensive network of distributors

Pagelofl

Home | Contact Us | Site Map | Soarc

News

/2912003

New hydropower L:tgaflrg;~
brochure for U.8,

LI202003 o
A ngmes Glacler Garlock
Bearings § upplier of the year
$/20/2003

‘.‘pre.siggﬂm .

G ock Bearings

ErlZro
Industries

Glacier Garlock Bedrings ks an operation ef
EnPro Inditstries, Ing, (NYSE: NPQ), & -
lsader in sealing products, metal polymer
beatings, comprassor systems and ofwr
enginfared products for usa [h ceiticat
applications by industries woridwide.

http:/Awww.garlockbearings.com/

©2003 Glacier Garlock Bearings. All ights raserved.

.

| 12/2/2003
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{ N ocraciErGcartock
L BEARINGS

Metal-Polymer Materials

. Solid Polymer

Fibre-Reinforced Plastic
© Composite Materials

Monometaliic Materials

Other Products

Glacier Garlock Bearings - Products

Products

Products

“Page 1 of 1

. Home '} Contact Us | Site Map | Seare

) MefaLPoiymerMatm

Bearing materals for non-lubricated app!:ca:lons (DUB; DU“‘-B pPg DPZO““
DM™), marginally lubricated (DX® DS™ HX™) and lubticated applications .
(DP4“* DP30™, 0931‘”) oL o

Salid Polymer

Compound materials pracessed using injectxon‘mouidmg techmques Thase
engineering polymers include PBT (Polyester) based (MF™41, MF™39,
MF™38), POM (Acetal) based {Glacetal KA™, MF ™52}, PA (Nylon) based - .
{EP™), PPS-based (MF™62) and high temperaturs based materials {Torlon®,

‘MF™1§ and EP™72). These materials are avauable as special parts and

gecmetﬂes including co-injscted forms (HP).

" Fibre-Reinforced Plastic. cm_mmsﬂalﬁ :
. Various fibre-reinforced thermosetting plastic' bearings, int;!udmg hzgh—

performance, filament-wound products such as GAR-FIL™, GAR MAX@ High
Strength GAR-MAX®, deva.tex®.

M.o.a_o_m.etalllc ¢ Materials,

A range of oil-impregnated sintered bronze bearings, solid bmnza bushes .
Products include sintered bronze {DIN 1850) and soﬂ(i brcnze {LBY- Machined )
Bronze, MBZ-BO9™, | D™, LDD™), : -

Other Products
Additional product families to complement the above GGB praduct porifoho e,g
specialized housings and assemblies, tn-met:alhc bearmgs :

. ER™, KA™ MULTI-FIL™ OUD, DU 8, DP-S“' DP20™, DP30"“ opy™ DM““ DX'E OS"", and HX"‘ are

trademarks of Glacier Gsrlock Beerings.
MF™ and HP™ gre trademarks of L+S Kuns:swmedxrologxa GmbH Germany.
Torlon® is & registared trademark of Solvay Advanced Polymers, LLG.

- MBZ-BOg™, LD™, LDD™ are tradamarks of Wieland Werke GmbH, Germany.

DEVA™, deva b, deve. melal®, deve plice® ond devatex® are txariemarks of Federal Muwl Dova’ Gmhl»f Ge:many
Exalign™ is & product of Cryplic Anvis Ltd, England.
Mini™ ang UNI™ are trzdﬁmarks of EnPre Industrigs ing., USA

©2003 Glacler Gariock Baarings. All rights reserved,
Lsgal Disclaimer | Environmental Managemant Policy Staterment

http:/fwww.garlockbearings.com/products.asp

12/2/2003
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FEROFORM HYDRO INDUSTRY COMPOSITES
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FEROFORM

The FEROFORM range of materials

has been developed by TENMAT to
offer the design engineer the chance
f roplacing metallic, rubber and
sbestos based materials  with
unigue, non-asbestos, wearing and
bearing composltes capable of
duplicating, and in some cases
exceeding, the performance of
asbestos composites,

FEROFORM materials  possess

strength, durabllity, dimensional
stability and excellent wear
characteristics besides  exhibiting
good resistance to sttack by many
chemicals. _ e
The resins used have been selected
for their good mechanical properties
and high thermal end dimensional
stabllity. Both organic and synthetic
fibres employed for reinforcement of
the resins have been selected from
the many types avallable for their
high modulus and stablility in water
and various chernicals.
The addition of selected friction
meodifiers such as' PTFE (T814) or of,
graphite and molybdenam disulphide
nhances the wear properties and life

s..0f the materfals, enabling them to be

operated at higher spéarjs and loads.

DN NP DO QN

i

Ténmat Feroform

The U.S. Army Corps of Engineers

identified a need for a self lubricating
bearing material to replace its
existing grease lubricating bronze
bearings in some 300 farge hydro-
turblnes in the USA when they come
up for rehabilitation. However, there

‘was a lack of any destaifed historicat
- data regarding performance and life

span, so an sxtensive laboratory test
program was set up which simulated

. worst case conditions, carried out at
Powertech Labs in Vancouver, a

subsidiary of BC Hydro. TENMAT
FEROFORM T814 proved itself
capable of operating in both dry and

wet conditions of shaft mis-alignment

or deflection underload. Extremely
low wear rates indicating long Ie -
projection weére racorded and the
journa! showed no sign of wear
throughout the test, .

Siulce Gols




ERDC/CERL SR-04-8

91

BENEFITS

ADVANTAGES

FEROFORM composites are extramely
versatile materials which have the
following advantages over conventional
materials  In  wearing and bearing
applications,

.Excéﬂent resistance to wear - L
FEROFORM matetials show consistently

low wear rates in all application arsas.

-Excellert ' abrasion resistance -

FEROFORM materials can be used in
environments where abrasive particles
are present. :

Low coefficient of friction - enabling
higher speeds to be used and heavier
payloads to be carried. This minimises
inertial problems {stick slip) and affords
lower power requirements. FEROFORM
shows consistently lower friction rates
than alf other compatitive materials.

A degree of elasticity - enabling
misalignment to be taken up without
damage or fracturing, R

User friendly - the lubricant is evenly
dispérsed - throughout the matrix,
Bearings can be machined In sty or
modified on site without Idss of
lubricationa! properties. :

Excellent resllience - FEROFORM has
the ability to absorb high shock loading

" and impact which would exirude other
materials.

Lightweight - approximately 1/5 to 1/8

- the weight of phosphor bronze making

refurbishment work easier

Good chemical resistance - -afl
FEROFORM grades perferm satisfactorlly
in the presence of most mineral and
organic acids, solvents, organic bases
and non-caustic alkali.

Easy Installation - Can be installed by

- press, draw bar or fresze {dry ice or liquid

nitrogen) fitting.

~ PERFORMANCE

FEROFORM T814 PERFORMANCE-STATIC FRICTION =

COEFFICIENT OF FRICTION
0.3

e
N
L A A

MISALIGNED

FEROFORM T814 PERFORMANGCE-WEAR

WEAR RATE (m3s00 TEST hrs.)

25
sl
1.5 |~
e o83
3 Q.6
05 e B
g am ;
0

FEROFORM T814 PERFORMANCE-DYNAMIC FRICTION

COEFFICIENT OF FRISTION
0.25

E -
82—

005 b~

WET T DRY MISALGNED -

v ' " | MTB14 WCOMPOSITE W ELASTOMER [ BRONZE

Test résutis taken from Powartech Labs INC. A suhsidiar;é of B.C, Hydro, C_;nada ‘ :'
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“TECHNICAL DATA

Properties - Units | Ts14 T11 Ti2 Ti4 3
Ultimiate ComprassweStrangtb P o MPatps Ch 280 (40,606) | 286 (45,600) 300 (43,500 ‘f*?

: Normal Maxzmum wm(mg Pressure. -
Comprédsivé Yield @ 88.9 MPa (@10 000;)9() i
. Flexcural Strengti s L :
e Impact Strerigth (Notched Charpy;
i Shagr Strefigth

0 | wes |

1. 70 (10,150)
Zs 6o | 3§

i Inter Laminae Bond Strength
i Density oo
! Brinelt Hardnesé“ i

0350

|79 Swot in Wa ér‘(Ndfrri"al\to Lamiring)

08016 | 0.15:0.48
: : , T 0,19-0,16 | 0.11-0.18 | 0.16:092 |
Coefﬂclent of Llnear Expansion (No mal to melnae) x10¢ | per®C (par'F) |- 50 28) | 5028 50 (28} 1 50(28)

‘ . (Parallel to Laminae) x10* | per’C (per) | 45(25) || 45(25) | 4625 | 45 25
Maximum Working Tempsratuns CLF) - [1004212) | 1004212) | 100 @212y | 100 (212)
Intermittent Temperature Capabliity ) . °C 120 (250) 1264250} | 120 (250} |. 120 {250)

. Co»fﬂmeni of Frio’iun

* Due to the flexibility of T grades it is not possible io tmeasure fiexural strength but no fracturing ocourred.

-.Ultimate Compressive strengths of tube wrapped materials are typically .~ ) '

' T814 220 MPa, T11 240 MPa, T12 240 MPa, T14 250 MPa : (}
Friction levels in bydrodynamic conditions have baen recorded at 0.01 wzth water and 0.0186 wnh oll, .

. Tests above conducted generally In accordance with BS2782 and ASTM test methods. The values above are typxcal tont

- resulls on sheet matertal and should not be taken as guarantesd, for specifications or primary selection of materfals. The
information hereln is presented in good faith but TENMAT does not warrant the conformity of its materials to the fisted

. properties or the sultability of its materials for any particutar purpose. in the event of any uncertainty regarding suitabifity for - -

~ any application please contact our technical staff on Tel: +44 (0) 161 8722181 Fax: +44 (0) 161 872 7556

-AVAILABILITY - TREATMENTS
FEROFORM can be supplied in tube, sheet or rod form and as -~ For applications above 70°C (1 B0°F) we
fully machined components, . recommend that FEROFORM is hoat
Tube ’ . stebiiised prior to machining to rmaintain their
:20-200mm ("~ 74" 1D & 30-250mm (1% - 10" OD K required dimensions. Heat treatment is
Minimum Wall Thickness Smm (’/5") Tolerance +0/-1mm : ~ denoted by suffix 7 e.g. T127.
(+0/-0.04"} ID : Off impregnation {suffix 1) can reduce runniﬂg
200-600mm (8" - 23%") ID & 260-700mm (10” - 27" OD ° _ iriction and aid bedding in.
Minlmum Wall Thickness 10mm 4"} up to 400mm - MoS: {suffix 8) treatment can be used instead -
{15 %) OD and 20m (4 )therentter. Tolerance +0/-2mm " of oil for dusty environments. - )
(+0/-D.08" 1D Special  TENMAT bedding in paste is
All OD is sanded to #-1% of nominal 0D . . recommended for T814 to reduse friction and
Rod  minimise wear, .

19 - 11 1mm @"- 4%™) OD x 1220mm (48"} long
Tolgrance +0/-tmm
317 - 168mim (4%™ 640D x 305mm (127) iong . ) o -
Toleranee +0/Tmm . : . . ol

Sheet . ; : . : . Q ;

1.6 ~ 100mm (4"~ 4”) thicknsess 1220 x 1220mm (48"x48™

“Tolerance thicknass 1.25 - 10mm (0.05"- X"} unsanded, : o S N

+/-0.1mm (+/-0.004") sanded; -0/+3mm (~0/¢%"‘ length o :

& width

Larger sizes and special mouldings avaliable on reguest
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- Thordon Bearings Applications

CoppedgeMarine Inc. Business Partners

Thordon

Industrial Bearing Grades and Related Products

o Self-lubricating
» Long Life _
» High Resilience/Impact Resistance
+ Low Operating Friction
» High Abrasion Resistance

Industrial Bearing Grades and Associated Products

The XL Grade is the standard
grade for pump bearing
applications. These bearings are
available in 2 wide range of sized
in both grooved and un-grooved
configurations.

The SXL Grade is the preferred
¢hoice for dry start-up operation,
. the 8XL offers a lower dry .
“ coefficient of friction and similar
wear life and abrasive resistance
when compared to the XL grade.”

hﬁp:’// www.coppédgemariné‘comf'tbi -ihtm

Thordon Bearings offer many proven user benefits:

K J

“.O

Easily M‘achlned aad
Instalied A .
Corrosion Resrstance s

Accommodates Edge Loadmg e

Polution-Free
Noise Reduction

12/4/2003
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Thordon Bearings Applications

Thordon Composite Bearings are
specifically formulated 10 provide
outstanding wear life in abrasive
operating conditions: These
bearings out lasts other bearings
by a factor of several times and are
avaijlable in a wide range of sizes
in a grooved configuration only.

Thordon Metal Backed Bearings
are produced by polymerizing any
. of the three Thordon Grades into a
“ metallic housing. Orginially
developed to meet the needs of the
nuclear power industry, this design
is now specified in many other
applications. ’

Thordon HPSXL is a harder,
stiffer polymer compared to SXL,
can be specified to higher design
pressures and has a lower dry
coefficient of friction than SXL.

T

Thordon TRAXL refers to a
special bearing configuration”
developed for high pressure
applications with slow speed
oscillating or full rotation motion
where frictional heat generation is
minimal,

“Thordon Wear Strips: The SXL or
HPSXL can be supplied in strip or
sheet formi, or molded 1o the exact
requirements of the application.

Thor-tape: ‘Thordon SXL is also

~ available as Thor-tape, a product
supplied in a range of thicknesses
‘up to 0.125" (3.2mm) and widths
up to 12" (300mm). Ask us about
-other applications of this product.

http://www.coppedgemarine.com/tbi-i.htm

- 12/4/2003
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The Recognizéd Choice
For Long Life, Low Friction
Bearing Systems |

Refiability, long life and superior customer service
have made Thordon Bearings Inc. the standard with
hydro-electric power producers for pollution free, fow
friction bearing systems, When specifying operating
mechanism bearings, water-lubricated turbine main
shaft guide bearings and pump bearings; Thordon is the

. proven choice for value and performance for both
rehabilitation and new turbine projects.

Thordon Bearings’ design engineers provide
. Customers with bearing system designs that meet
* or exceed their specifications. Depending on the
application, the optimum bearing can'be selected
from several Thordon grades and configurations.

Recently, concern over down-stream pollution
. caused by grease and oil lubricated bearings has placed
. increased emphasis on non-polluting bearing systems.
Thordon Bearings, a pioneer in the development of
grease-free bearing designs, supplied bearings in 1974
for installation at Ontario Hydro's Niagarz Fall's station.
Today, these bearings continue to perform well, ,
Originally developed over 25 years ago as a high
performance pump bearing; Thordon is an elastomeric
polymer alloy that provides exceptional wear life,
Thordon SXL, with its inherent low coefficient of friction
and grease-free operation, is particularly well suited for
high pressure hydro-turbine applicatiorss. Thordon's

proven performance in verticat pumps fed to its use in
water-lubricated turbine main shaft guide bearings, with
shaft diameters ranging from mini-turbines to the
fargest units in service. o

Today, with trouble free installations around the
world, Thordon Bearings Inc. Is a recognized leader in
the design, manufacture and supply of hydro-turbine
bearing systems. All Thordon bearings are manufactured
fo IS0 9002 Quality Systet requirements ensuring
high quality and consistency, ' _ .

For power utllities and turbine manifacturers who
demand the best in value, performance and sevice; ¢
Thordon hydro-glectric turbine bearing systems are thié
proven, reliable solution. : L -

Thordon Features Offer"
- Proven User Benefits

Thordon Bearings' field proven hydr-turbine
bearing systems offer significant technical and
customer benefits: : o

* Low Friction
..» Long Life
* PollutionFree =~ = " .
» Sizing Flexibllity - Easlly Machined
* High Abrasion Resistance =~ -
* High Resilience/Impact Resistance
* No Need for Hardened, Ground Journals
* High Pressure Capacity L
* Accommodate Edge Loading
* Wet Or Dry Operation
» Lip Seal Avallability ,
* Extenslve Application References
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Low Friction: Thardon SX1, bearings exhibit a very
low coefficient of friction, This is true whether the
bearing is operating dry or submerged in water. A low
bearing coefficient of friction is essential in the smogth
and refiable functioning of hydro-tusbine operating
mechanisms.

Tests conducted by an independent hydro-turbine
laboratary determined that the dry coefficient of friction
of Thordon SXL TRAXL bearings falls in a range from
0.09 to 0.05 tested at pressures ranging from 18 to
70 MPa (2,600 to 10,000 psi). Thordon's coefficient of

- friction decreases as bearing operating pressures
increase, whereas metallic bearings experience diamatic
increases in the coefficient of friction and tend to gall

as operating pressures rise, This characteristic makes.
Thordon an ideal choice for high head installations
where pressures are high and smooth precise operation

- of the gates is vital. Thordon performs well as an
un-sealed wicket gate bearing because the coefficient
of friction of Thordon wet is lower than dry.

Wet or dry; low or high pressure; static or dynamic;
Thordon SXL TRAXL bearings operate smoothly and
without stick-slip in hydro-turbine operating
mechanisms,

Long Life: Since 1974, Thordon bearings have been
fitted to hydro-turbine operating mechanisms, The
bearings of the first instalfation remain in operation
today as a testament to Thordon’s exceptional wear iife.
Thordon continues to provide outstanding life in a large
and growing number of installations since that time.

Only 0.13 mm (0.005") wear on an 88.9 mm
(3.500") 1.D. Thordon SXL TRAXL bearing was predicted
ir 25 years of simulated operation in a pump-turbine
wicket gate application when tested by an independent
hydro-turbine faboratary. Test pressures were 20.7 MPa
(3000 psi) with operational parameters appropriate for a
highly utilized pump storage turbine. Self-lubticated
Jretallic bearings in the same test were predicted to
show the same wear after less than nine years. Bearing
journal wear was also examined and there was no
sigrilficant wear of the shzft running against Thordon
whereas the metallic bearings tested wore the journal
proportionally to their own wear rate. ’

In the field, Thordon bearings have earned a
reputation for performing particularly well in abrasive
environments and in the extreme duty cycles of pump
turbine applications. Thordon SXL TRAXL bearings were
chosen over competitive metallic bearings in a recent
test in a pump storage turbine experiencing accelerated

. bearing wear. Thordon was selected after less than one
year's operation showed negligible wear compared to
-+ significant wear on the metallic bearings. -

Coefficlent of Friction

‘ Evaluation of
Bearing Friction and “Stick Stip”

Recent tests in the Thordor: Bearings Test Fucllity evalvated the Fictional
periormance of seveca! competivve bearings compzeed to Thoaedon, The tests
ko0 detected induced stick-stip vibrations. 101 mym (4.7 diametar bearings
were foaded t a constant pressure f 24,0 MPy (3500 pal} wrd cycied through
an osciifation of £35° at 4 velocity 5t 0,003 miser. (0162 ' min). Tests werp
fun for § hours with cocfficiant af friction, tesnpecature and pressure radings
taken 20 limes per second for a 60 secvad perind at the start, 2t 0.3 hours and
then on the hour for the hatance of the gst. Tempersture vataes were
measured at the shaft immegiately adacent 16 the bearing. Yhe teet resolts are
summasized in the graphs below .

THORDON SXL TRAXL BEARING - -
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Coefficlent of Friction
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The Thordor SKLTRAXL bearing tad infval dhrammic Irstion 6f D.677 but
Guikkly bedded In, decreased to 0.035 after 30 minutes and 10 0,031 fre the
end of the test, The temperature rose from 25,9°C 30 46.35C, fising only 1.3°C

during the last 4 hours. No evidence of stickafip was dhsarved. -

‘NON-METALLIC BEARING
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Anan.metaiic bearing tested had inltial dynarmic friction of 0073 and )
temperature of 27.6°C. Qver a 3 hour perivd the caefficient of fiction  ~© .. ©
intr2ased to 0.035 and the temperdture rose 10 49.8°C. By the end of the first
half hoer rapid Auctuations in friction were occiming (sticksfipy, The )
magnitude of these fhuctzations increased unth the best was halted after 3 hiours ~
due to excessive vibration of the test machine, L

METALLIC BEARING
H
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£
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£ . : o
k+ Avg. frictlon: Avg. Friction: ‘Avy, Friction: Awgy. Eriction:
s 90.078 " vg&(?;‘) * . yomz . oK
) k{ o Femp ("Ci Temp (L)

g T.“Z':.(lcr m;;g() ; r;;d Nt A5

O bowss 0.5 haws ™ 4 hoass . 8 hours

Time S
& metaliic bearing tested had Initial dynamic fiction of 0.678, Overthie -
course of the test the coefficint of friction roseto 0,106 and the temperstury
mse {0 42.5°C. Mo evidence of slickatip was observed. | C

The Thordon SXL TRAXL bearing operated with the jowest .
coefficient of friction of the group and was the only beading o .
exhibit a decrease in friction as the test progressed, Operstion was
smaooth and quiet, rollaborating the performance history of D
Thordon bearings ir the field. Lo :
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Low Friction: Thordon SXi bearings exhibit a very
low coefficient of friction. This is true whether the
bearing is operating dry or submerged in water, A lows
bearing coefficient of friction is essential in the smooth
and reliable functioning of hydro-tutbine operating
mechanisms,

-~ Tests conducted by an independent hydro.turbine
labaratory determined that the dry coefficient of friction
of Thordon SXL TRAXL bearings falls in 2 range from
0.09 to 0.05 tested at pressures ranging from 18 to
70 MPa (2,600 1o 10,000 psh). Thordon's coefficient of

- friction decreases as bearing operating pressures

increase, whereas metallic bearings experience damatic

increases in the coefficient of friction and tend to gall
2 Operating pressures rise, This characteristic makes
Thordon an ideal choice for high head instalations -
where pressures are high and smooth precise operation

- of the gates is vital. Thordon performs well as an
‘un-sealed wicket gate bearing because the coefficient
of friction of Thordon wet is lower than dry.

Wet or dry; low or high pressure; static or dynamic;
Thordon SXL TRAXL bearings operate smoothly and
without stick-slip in hydro-turbine operating
mechanisms, '

- Long Life: Since 1974, Thordon bearings have besh
fitted to hydro-turbine operaling mechanisms, The
bearings of the first instaflation remain in operation
today as a testament to Thordon's exceptional wear Iife.
Thordon continues to provide outstanding fife in a farge
and growing number of installations since that time.

Only 0.13 mm (0.005") wear on an 88.9 mm

(3.500") 1.D. Thordon SXL TRAXL bearing was predicted

in'25 years of simulated operation in a pump-turbine
~wicket gate application when tested by an independent
hydro-turbine faboratory. Test pressures were 20,7 MPa
(3000 psiy with operational parameters appropriate for a
highly utilized pump storage turbine, Self-ubricated
metallic bearings in the same test were predicted to
show the same wear after less than nine years, Bearing
~ journat wear was also exarrined and there was no
significant wear of the shaft running against Thordon
whereas the metallic bearings tested wore the journal
proportionally to their own wear rate.
In the field, Thordon baarings have earned a
reputation for performing particularly well in abrasive
environments and in the extreme duty cycles of pump

turbine applications. Thordon SXL TRAXL bearings were -

chosen over competitive metallic bearirigs in a recent
test in a pumyr storage turbine experiencing accelerated
bearing wear. Thordon was selected after less than one
year's operation showed negligible wear compared to
significant wear on the metallic bearings. :

* ‘coefficient of friction of the group and was the only bearin

Evaluationof

 Bearing Friction and “Stick Slip”
Recent tests in the Thordon Besrings Test Facillyy evaluated the fiictional
8o detected induced Qick-glip vibration, 101 mim (30" diameter Beatings

. were lgaded 1o 3 vonstant pressure of 24.0 WP (3500 Psiy and-cycled throunh

an escillation of £35° at & velacily of 0.003 misec, {0.62 81,/ Texts ware
run for & o with coelficient of Iittion, temperature and prossue raadings
Laken 20 fimes per second for & &0 second paviod at the start, at .8 hours and
oft the haur for the bafince of i tegt “Temperature values were .
messured at the shafl immediately adiscent to the bearing. The tost results are

summasized in the graphs below.

THORDON SXL TRAXL BEARING

Coefflclent of Friction
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The Thordon SXL TRAXL bearing had fnltiat dindsiie tricion of 0.077 but
quickly bedded in, decreased to 0.055 after 30 mirutes and to 6,051 by the
€nd of the fest, The temperaturs rase from 23.9°C 10 40.2°C, rising only 1.3°C -
during the 25t 4 hours. No evidence of stickship was ohserved, )

- NON-METALLIC BEARING
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A nonametallic bearing tested had initial tyraenic fiction of 0.073 and -
temperature of 27.6°C. Over a 3 hour period the coefficient of fction e
Inzréased to 0.095 and the temperatre rose to 46.8°C. By the end of the fist
half hour rapid fluctuations in friclicn were oxgring {stick-sEpy. The o
magritude of these fhuctaations Increased untl the bost was hahed after 3 hovrs.
due to excessive vibration of the test maching; K E s

METALLIC BEARING

vg. Friction:

b “90.078 '
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p e

Avg. Friction: § { Avy. Frictinn: Avg. Friction:
‘90,079 90.033 N BI06 -

Coefficient of Friction
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Ohours 0.5 hours dkos . o0, Bhours

A nigtalkc bearing testéd had irttinl dymammic friction 6f 0.078, Over the
course of the test the cosfficient of &iction rose to 8,108 and the tsmperature
rose to 42.5°C Na evidence of stiek-shp was phserved. SO

The Thordon $XL TRAXL bearing operated with the hwes; N

o e
exhibit & decrease in friction as the test ’z’mgrmed. Operation was
smooth and quiet, collaborating the performance history of .
Thordon bearings in the field. - - :
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bearing. Thordon eliminates both the
pottution concérns associated with
grease lubrication and the fubricant
dispersion problems of other “self-
lubricating” bearings. Bearings
equipped with lubrication plugs
require significant rotation of the

shaft to spread the lubricant over the
bearing surface. In actual operation
many of the shaft moverents are very
minor - only a few degrees either way.
Other “self-lubricating” beatings require wear to

occur before internal lubricants are accessed. Special
coatings to fower friction and minimize wear are often
specified, but these can disappear over time resulting in
dramatically increased friction and wear.

Thordon $XL's inherent low coefficient of friction
does not change. It remains unchanged over many
years of operation.

Sizing Flexibility - Easlly Machined: Thordon
bearings are typically supplied finish machined to
; ' specifications engineered
. : for the rehabilitation
* project; but are often also
supplied with overbuild on
the inside and outside
dimensions to facilitate
finish machining on site.
Sizing problems resulting
from misalignment and
dimensional inconsistencies
that are often encountered
with “standard” sized
bearings during turbine
rehabilitation are not a
problem for Thordon.
Optimum alignment and
custom sizing of the
bearings is possible with
Thordon. Bearings that are
only supplied in standard
sizes and are difficult to
raaching to close tolerances
make custom sizing
impossible or extremely
expensive. Thordon
bearings, while available in
a range of standard sizes,
can be easily sized at the

. Special tools are not required to
Instalf SXL TRAXL bearings.

Pollution Free: Thordon SXL is a homogenous low
friction polymer alioy. Grease or other lubrication
techniques are not required to lower the coefficient of
friction or reduce the wear of a Thordon SXL

factory, or in the field, to meet the dimensional
requiremenits of the project, . | '

Quick turnaround can be achieved by pre- .
manufacturing bearings to a semi-finished state
. and then finish machining them during the
outage after exact size requirements are
known. A free machining efastomer, .
" Thordon containg no asbestos or other
hazardous materials, machines cleanly
and quickly and Is free of nuisance dust.
An instructional video providing
Information on quick accurate machining
of Thordon is avaifable. - o -

. High Abrasion Resistance: Thordon's

superior wear fife when operating in abrasives is a
direct result of its elastomeric nature. An elastomer,
Thordon tends to deflect and then rgject abrasive
particles. This is not the case with other non-metallic or
metallic bearing surfaces. Non-metallics that are not
elastormners tend to deform plastically, aliowing abrasives
to bed into the bearing acting as a permanent abrasive
on the shaft. Metallic bearings experience accelerated
wear on both the bearing and the miating shaft surface, -
Grooves to allow abrasive particles and wear debris to
clear the bearing are not required with Thofdon.

High Resilience/Impact Resistance: In high head
hydro-electric and pump turbine instaliations shorter :
operating mechanism bearing life is often expiected.
Higher wear rates and occasional bearing faflures aré. ‘
often a result of the impact loading and high frequency
low amplitude oscillations encountered, “Pounding out”
can occur even though the loads and pressures are
below the theoretical yield point of the material. ~

When a load is applied to a bearing relatively
smoothly, the bearing deflects a given amount for each
unit of load. As long as the Joading does not exceed the
yield point of the bearing it will efastically returmn toits - . -
originat position when the load is removed. If, however, .-
the load is applied rapidly the bearing may lackthe
resifience to absorb the energy and completely releaseit .
before the next loading cycle. Permanent deformation
can occur, even though the theoretical yield point does
not appear to have been exceeded. The higher the .
Modulus of Resilience of a bearing, the greater the
bearing’s ability to absorb impact and high frequency
oscillatory loading without permanent deformation,

Although the yield point of bronze is almast 6 times
that of SXL as shoiwn in Table 1, the Modulus of
Resilience of bronze is only 5% that of SXL. Metallic
bearings, as a result, can tend to “pound out” and
transmit impact loading into the operating system
whereas Thordon tends to absorb impact loads and
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Higher tensilestrength 4 cushion the operating system from shock, Tensile -
strength, although 2 good indication of a bearing’s
physical properties, is of less importance in selecting an
-+ Oplimum bearing. Thordon SXL TRAXL bearings have -
been proven to resist impact loading and provide
Lower tensile strength stiperior wearlife in highly loaded hydro turbines,

No Need for Hardened, Ground Journals: Hard
_ journals are required for hard bearings. With Thordon
“the journal material need not be more sophisticated
than 304 or 316 stainless steel with no hardening, . " -
Surface smoothness should s 0.8uM (32 pirichey), -
- High Pressure Capacity: Although typically loaded
10 pressures of 20 to 25 MPa (3,800 10 3,600 psyina

Stress

‘ Stram hydro-turbine, Thordon TRAXL bearings are performing
Figure 1: Impact Résislance Comparison well in many industrial applications at pressures as high
) . . 7 r ki

. Tgi;e Modulus of Res&!ie&:‘e of 2 material is determined by as 70 MPa (10,000 ps or higher. B
calkutating the area under the elastic portion of the strass sirain : }
<urve up to the vield poing, The example in Figare T Alustrates how A-ccomm(-,fiate Edge Loading Under the e.»jge
2 high tensle srength matoral has 2 moch loues reshon s loading conditions that can occur as a result of minor
(reresenied by the shaded area R), than & lower tenste steength mis-alignment or wicket gate defiection, Thordon

material with vedence {represented by the shaded ares 22), deflects Sligh ﬂ)’ eﬁecﬁx}efy sprea déng and thereby e

reducing, the pressure. The galling of metaflic bearings
 that often occurs due to edge loading under these

Table 1 - . conditions s eliminated with Thordon:
Resilience Comparison o
. : Wet Or Dry Operation: Thordon operating
Yield Modulus of Madulis of R A " N : R
Materdat Stress Elasticity Restfience mechanism bearings function well either sealed and dry, -
psi_MPa  psi - MPa  psl MPa or immersed in water. in fact, Thordon’s coefficient of -
Thordon SXL 3500 241 20,000 138 3060 211 friction immersed is less than operating dry, _
Bromnze CY3200 20,000 138.0 14.5x107 100 x10' 138 010 Lip Seal Ayai!abnﬁty; ]n the event thag sealed

Leaded Bronze 7,500 517 73x10¢ S0x10°0 39 603 wicket gate bearings are preferred, Thordon SXL TRAXL

with graphite : ) -bearings can be supplied from the factory with high

Note: Yield stress for the graphita filed bronze is based o9 55% of the quality Thorseal lip seals [ﬂs@ned‘ For mu_!z;teé froma . :

saximum tensile strength, ' : high strength polymer with internal lubricants, Thorseals
: i e -provide effective seafing, low friction and long #ife. )

Greased operating mechanism before installation of _ Operating mechanism ofter installution of
SXL TRAXL bearings. SXL TRAXL bearings.
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KAMATICS CORPORATION

TABLE 1
Liner Approximate Physical Chsmctensncs Typical App!imﬁons
Properties
KAron B Drensity ~ 1.51 guee Dy op«mnnr Pr:mu.ws to 30 ()()9 Aurcraft ccmmlf Iading gears mte.
‘ Hardnoss Rockwell A195 psi (345 mPa). Highly loaded hnLn:;cc :
High Load Thickness Range 005 - 0507 Velocities 103 fpm (3 Mrmm ¥ Jet engine contrats.
{127« 1.5 mmny Temp Range ~1007 10 4007 {-73° Oth::r high loaded deinendi g,
0 >205°Ch [mg pplicati
SAE AS81820 & SAE ASSI‘)M
: : : Qualified
KAron ¥V Deasity - 1.36 gro/ee Drynamic operasing ?rm:nr o 40,004 Track rolers.
Hardness Rockwell M8S psi 276 mPa) Cam followers.
High Load / Low Thickness Range 005 ~ 050" Velocities to 10 fpm (3 Mnin ) Marina»’navn! applications,
Friction (127 ~ 1.3 mm) Temp Runge ~100% 30 360°F  (73° | Ajrcradt shock stuts, .
. 10 150°C) Othcr high loaded, ],;w, ﬁ*mmn
Mil-B-8943 Qualified spplications.
KAron F Denstty - .36 ga'ee Rubbing surface is @ predonsinately Spherical beatings
Hardness Rockawel M35 PIFE enrichied outer surface, providing | Track rollers. k
Low Frctipn | Thickness Range .003™ ~min tow coefficient of friction ¢ Iow loads Can followers ‘ .
(076 mmm min.} and ot low tempeeateres ” The general Other moderately high loaded, low
. operating parameters are the same a5 {riction applicatinns
KAron V. A minimurs €hickness Hner
of 003" {078 mm) san be obisined. o
Karon VS Density - 156 gm'ce Dynamic opersling pressures ur 1o Spherical beerings
Hardress Rockwell 15X 58 12,600 psi (B3mPa), exceliont tow Track rollers.
Eow Friction Thickness Range 005 - 000” tempersnyre fricton sepabilities, Temp Cum folfowvers
{327 - |5 mm) Ranm ~108° 6 300° F Other modernte loaded, Jow friction
(-73% 10 136°C) applicatioas
KAron RP Deasity - 1.60 gmice Dynamic opecating Pressures to 39,000 Landing geer shock st and other
Herdnese Rockwell MRD psi {203 mPal. moderate foad, relatively high speed, lafw
Low Friction Thickness Rasge 0% - 0607 Velocities 10 10 fpm 3 Wmm X .| friction applizations. ;
b {127~ 1 S mm) Tewp Range -100%w 2S0°F,  {-73°
ta 120°C)
Mit-13-8943 Gualified
KAron M Detisity - 1.36 gmfer Dyzamic operating Pressures t0 35,000 | Landing goar shock strurs.
) Hardnzss Rockowell M0 psi {240 mPa). Other applications requiring Jow fiction
: Tructile Thickness Range 003 « 060" Velocities to 10 fpm {3 M‘mm ) -4 and fow rates of wzar along with &
(127~ 1.5 ) Temp Range <1007 0 250°F  (-73° degres of ductility Yo snaammbdat.,
0 120°C) syster d.ﬁs.mms
Mi-B-8243 Qualified b
KAron SP Dentity - 144 gmfce Drynamic operating pressures up to Landing gear shock :«mns
Hardnees Rockwell 15X 77 23,000 psi (143mPe), excelfent low Other applications requirisg low fncem
Ductile Thickness Renge 003 - 0607 temperatire Siction eapabilities. Tﬂ'np and low rades of wear plong with a
. (127 - 1.5 mim) Rangz ~100° to 250° F degree of ductility 10 accommodate
73 0 121°C) . sysiem deficotions.
Desipned for Mil-B-R343
RAron H Density — 185 gelee Dynamic operating Pressures to 20,000 H:Ii:cpter rolor contols, )
Hardaes? Rockweli M99 psi (140 mPa). Other high speed, moderate lond low
High Speed ‘Thickness Range 003 - 060" Velncities to 30 fpm (9 M/min ) friction applicztions. -
b } (127~ 1.5 mm) Temp Range ~100° 10 2507 F
(-73° 1 120°C) ’
; : Devitned for SAE ASBI810 e .

KAtherm T87 - | Density ~ 1.37 gm'ec Dymomie operating Pressures to 20,000 | Pormufatad for high temparature
High Speed / Hardness Rockwel! MS0/50 psi {190 miPa). applizations o S00°F (260°C) such a5
High Temperature | Thicknses Runge 005 « 030" Velocitios to 30 fpm {9 Mimin.) § ¥G bushings, engine linkages, thrus
SOCF (260°C) {127 - .75 mm) Tetop Renge ~100° to SUO° F reverses, cam-ﬁ:!!owm_. track yollers

: (73" w2600} and helicopter roter contro] bearing
Designed for SAE AS81819 —

KAtherm T88 | Deasine~ 1,30 gmice Dynamic operating Fressurss fo 10,000 chulz'xod for high temperature ]
High Speed / Hardness Rockoel] MSO/S0 psi {70 mPa). . applim?us w© 605'3"}7 gsls*’c; sud g
High Temperarere | Fhickness Range 005 « 030" Yelotities 10 30 fpo (9 Mfin) VG bushings, speine linkages, thrust
SO0°F (316°C) (127 -.75 mm) Tanp Renge ~100° 0 600° F reverser, cam foltowers, track rz?lle::s

{-73% 10 316°C) and helicopter rotor control bearing |

20

&
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- Typical KAron Characteristics

* Self adhering - No secondary bonding

* Large thickness range....>.060”

« Excellent fluid compatibility

* Excellent abrasion resistance :

* Homogenous - uniform wear & friction =~
* Ability to refurbish components

* Itis Machinable ‘

The slide above lists signifi cant attributes for KAron hner svstcms All KAron_‘ i
formulations ar¢ made from the same basic resin swtcm msurmg conszstent oo
performance. .

KAron Fluid Compatibility

* Mil-H-5606 & Mil-H-83282 (H ydrauﬁc 01!)
.+ Mil-A-8243 (Deicing Fluid)
- Mil-L-7808 (Lubricating Oil)
JP-4 & JP-5 (Aircraft Fuel)
Skydrol (Hydraulic Fluid)

TT-8-735 Type Vil (Standard Test Flww
Distilled Water :
Sea Water ) v
Many Other Fluids..Contact Kamatics

8. 2 2 e & 0

*

It is important that a liner system be capable of operating in hostile cnvxmnmems This
includes the ability to function in various fluids without degrading, softening or swellmg ‘
The KAron liner system operates excepﬁona!lv in most industrial and aeros;aefce ﬂmds :
including those listed above. v v :

32
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KAMATICS CORPORATION

CUSTOMER CONDUCTED HUMIDITY TESTING

Comparative Relative Humidity Effects on Self-Lube
{PTFE} Bearings for Seven (7} Manufacturers
(A Minimum of 3 Bearings per Supplier)

Comparison Testing Shows Superior Results of Kamatics‘
Karon Bearings .

MS14101-8 Size Sphericol Bearing
(10 S{m k:r Supphert:}

- P
‘3 Foa
gw E o i ¥ G
2 E 7 Fri Wossuremant
g ae . Al
T E WA Harolgity B spoaum
% : B £ St REpmm ot After
5 L d Ti| AwDommg
o L - g
; £
R L% 4 €Y wmpryBrosURE
. . '@* 955 Roirtive Humidity
+ 1207 (49°C) fox
Suppliers 5 Hours

The results shown above were obtained from testing conducted by a major aerospace
company. It clearly shows that the KAron liner system was affected the least of the
seven suppliers submitting specimens.

Karon V Coefﬁciw of Friction
vs. Temperature

Vﬂw&!mwmna'nﬂmﬁﬂmdmhww&m
~Specimena: Jowrw! Baerings. 375" 0.5y 1 KAror ¥ Linee
W#Whmfmﬁm

§ oo [ 4 NENE T
g ", L STF
§ oo N e e
§ 003 //
0.62 41N i
.01 s ¥ i
0 ! [ {3 ‘
0 000 10000 15000 20000 25000
+300°F Bearing Pressure (psi) .

[-Be FEF s 150°F i 225°F —5—300°F |

Son

The slide above offers typical coefficient of friction values for the KAron V liner system
at various temperatures and bearing pressures, If information as to the coefficients of
other KAron liners is required, contact a Kamatics representative at 860-243-9704

33
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Journal Bearing Comparison
Fabric Dlsk'w: ) T

) ® Buaring Blank
Bearing Blepk £Grit & Ereny
{Eteh, soidom grit PN { ;"’ I ;

" / . ! WUECTED LINER
et . )
"o Consiamt Pt Spk Seam) ' Homegenous
“Nat Constant Parformance o (optonay

; “Constant Frictiens .
“Not “Any Yhickness® { ) { ' ~Constant Perfisemance
180N : - oBey Toicknnss
N N seamu

caéwn\\\‘ N

1 - Frayed 4
Ve,
\ K » .
. Possibtée Resin T : o
Bonding Prossure- { k‘nf:} H Bload Aress i Liner mac\fflne:"n:' finat
R ’ N
oquired : . “£001*, 8.025mm, toleraneed
’ Fabric KAron  prcstom icity control
” . ~Squsroncss comrol
*Cies “no-frizz” gdges .

“Mythinaable ¥ftar instaliatiol

‘The slide shown above
lined journal bearing and that of a fabric lined
-a KAron lined bearing will allow trouble-
-performance. Ther¢ is no the concern the
edges to interfere with the shaft/pin installation. :

journal bearing. It is readily apparent that
free installation and provide constant operating

. L - R S -
| Spherical Bearing Comparison
Pre-Swagut Ruces . . PrxSwaged Rgce
. {Eu.-l’r, Saidom Grit \ : dor = ::/ {Gre & Exchog)
. TN //_ Split (Saam) P
Gap Viry . Cothuciral Covity  * !
Critieat For % S e oyl - (Sp) S
Bonding 3 i Lier it | u
Appitcation Fablic Sty Apphcaton Karon :
Before Forming -3 1] . Bajors Forming
8 Formviog Coormetry  Formed to
Machimed Faces :E;m / 3‘ crmietor T bt Wicih \ﬁf‘r
oot 3 Sonding .
‘ ; ’ - WUECTED LINER
/ <Humoganaius .
AT : *Yorgue Cortrol
e SOMTct Yorque Condrol ~ g «Constant Friction
f? N Conztat Riction” +Constant Performance
. Nt Conatace Performon se ) KA . Np Seame S
Fabric ':‘:! “Any Thickneas™ fon No Prassure q
SRR ppsalnie Seamy . . I b
“Bonsing Pressore Rewiirod i R Choan *Wo-Frizz” Edges
*No “Cloan *“No-Friz” Edges e

Similar to the slide above, this slide also depicts the differences in manufacture tzetwée’r_; a
KAron lined spherical bearing and a fabric lined spherical bearing. The Kamatics
cathedral cavity and no requirement for bording pressure sets the KAron bearing apart _
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- HONIN G MACHINING, CLEANING & MEA‘;UREING
KARON and KATHERM

Honing;

The following mformauon 1s supplied a5 an aid in KARO\ or KATHERM honing opuramon:s A homnrz _
machine, Sunnen or similar, should be used and the finished ID be sized with standard GOWNO-GO piun
gages. Tocling may be nquired 1o properly position the part being honed to insuring alignment,
squareness, and/or position.

o Stone - Sunnen K6-AB3 or K6-A63 or similar (280 grit medium hard sluminum oxide).

®  Speed ~ 300 101000 rpm, depending upon the diameter of the bushing bemg honed.

s Coolant~ Sunnen MB30 (oi! base) or similar. :

After honing, ultrasonic cle(m the bushing in any of the cleaners noicd bc!o“ Yo remove homﬂg stone
debris. :

Machining: Co
The following information is supplied as an aid in KAKON or KATHERM machining operations. The
finished ID should be sized with standard GOWNO-GO plug gages. Teoling may be reqmmd to properly
position the location of the ID.
e Inserts- Diamond inserts for best results, Carbide fnserts accepmlﬂe 0. 030 nose: radzus minimam.
e Speed - 1000 surface feet per minute (300 meters per minute} minimum. L :
¢ Depth of Cut - as reguired. : B
* TFeed Rate - 0.0017. 003 inches {0.025/0.075 mm) per rmahmcm
«  Coolant — water-soluble coolant (if necessary). :

~ Depending on size and the degree of accuracy required, special fixtures and/or holdmg devncev. may be
required (as would be the case for machining any material). KAron is easily machined and therefore the
use of & coolant is not necessary. The machmmg debris will be in the form of small chips and powder.

Cleaning:
Cleaning of the Kamatics bearings can be accomphshed wﬁh pracncaliy any normal ﬁactoxy ciﬂaner or

solvent. Obviousty those that do not leave a undesirable residue are prc‘crred Suggested is Turco 4215
alkaline detergent Followed with a fresh water rinse, or Citrikleen XPC citric based sofvent followed with a
methanol dnse. Nitrosol, alcohol, acetone, and Tri-chlor 111 (wh'*n 4 environmontally acceptable) can
also be used. Avoid acids thot or cold} and caustic “paint removers as thess can be & problem if left on the
luxcr for an extended period of time (over 3 minutes). : ‘

Dimensional Inspection:

Dimensional inspection of KAron and KArberm lined surfaces requires special consadcratmn ‘Because or
the fibrous nature of the material and its hardness relative to mérals, we suggest the use of “GO-NO GO" .
gages when inspecting inside diameters. Light pressure on micrometer measuremmts on external surfaces
readily measured with this type of instrument, should be used,

If conventional dial bore indicators are used, where there are several small pressure proﬁm cmpivoynd it has
besn established that the reading on the gage should aliow 00015 inches {0 0038 mm) for the probe
pcnetrauon into the liner.

‘ For e\ample #f the high lirnit dimension on an maxde diameter is 1.0000 inches (”:: 40 mm) a “dial bora
reading of 1.0003 inches (25.408 yom) woukl be an acceptable reading. The low limit value would be
similarly affected, . .
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KAron® V Wear Strip
Product Data Sheet

Description: . ) : i

Kamatics KAron® V Wear Strip consists of standard K Aron Grade V self-lubricating bearing material

applied onto a thin fiberglass substrate. It is designed to be bonded onto surfaces that are subjécted to light -
to medium duty rubbing pressure, or as a fretting resistant barrier. P '

. ‘Physical Properties:™

Coefficient of friction: 04-.08 ' : R
Compressive strength: 30,000 psi . 207 mPgy -
Max dynamic load: - 10,000psi | - L 69mPy)
- Max operating temyp: » 250°F - {120°C}
Available Sizes:

Standard KAron V Wear Strip material is available in ent sheets of 127 x 48" (305 x 1219 mum), 34" and 1"
(19mm and 25 4mm) wide strips, washers of various sizes, and custom die cut shapes. The material is
available in two thicknesses: . T T

KAron ¥ Wear Strie Grade Product Description Nominal Thickness
| Adron i Wear Sirip Grade | s f SLOQHET pesoriphioy ' Nomipal Thickness

Kwsioe Light Duty Wear Sirip 018" £ 003 {.46-mm £ ,075)
-§ KW8200 | Medium Duty Wear Smp 036" &£ 003 (9] mm =075}

Standard Part Numbering Svstem: .
For standard cut steip dimension parts, Kamatics uses the following part numbering system:
KWS/ M T] -y - 222
Where: ’ :
: M = Metric dimensions . . A
xxx = Wear strip grade, i.e. KWS100 = Light Duty Wedr Strip, 018" (46mm) nomina! thickness
7= 3/8" (5.5mam) pull tab included along edge (pull-tab allows for easy removal of peel ply
. backing) ) - . R :
Yyy = Part width in 1/8” increments up to 12", i.e. 024 = 3" wide .
(Metric: Smm increments up to 300mm, i.e. 020 = 100mm wide)
zzz = Part length in $/4" increments up to 48", ie. 096 = 24" long
(Metric: 10mm increments up to 1200mm, i.e. 050 = S00mm lorig)

Bonding Procedure: ! : - ' : , SR
KAron V Wear Strip comes with a woven nylon peel-ply on the back of the fiberglass'to protect the L
bonding surface from dirt and debris, When the pull-tab (T} option is called out in the part number, a 3/8"
-(9.5mm) long breakaway tab will be provided for easy removal of the peel ply backing - With the peel-ply
removed and the back surface exposed, the K Aron 'V Wear Strip is prepared for bonding onto 4 suitable
surface. ‘A room temperature euring structural epoxy adhesive @ s recommended for bonding KAron V
Wenr Strip material. : L : :
- Notes: ’ ST S
1. Above reported values based on wear strip only: Physical properties in service will be largely ©
* dependent upon the adhesive bond integrity, the substrate matertal, and surface preparation of the v
substrate, i . : B : o
2. Suggested structural adhesives: EA9460, EA9309, EA9394 (Dexter Hysol), Scowchweld 460 (3M Co), | & |
Araldite 2011 {Ciba Specialty Polymers). : o S e
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Kamatics KAron Wear Strip

Bonding Procedure for General
Purpose Installations, <160°F (<78 °C)
Introduction

Ramatics KAron coated Wear Strips offer the capabzhty to coat and protect moving parts by field

. application of salf lubricating bearing materials, When attaching the Kamatics Wear Strip, care should be
taken in the field bonding procedure to assure adequate adhesion of the Wear Strip 1o the sibbstrate to be
protected. The Kamnatics Enmncmng Technical Note provides s precedure for peneral pu:pose bonding of
Kamatics Wear Sirips where operatmg temperaturs will not exceed 160°F (70°C) and operatingy ioaés, are "
low. , ‘ v

Gencmi
T Areliable bcmdmg procedure requrr*< care in the following:
= ~ Adhesive selection and control
= - Substrate cleaning ‘
= - Substrate preparation
=> - Bond line thickness control
=» - Curing procedure. '
This Engineering Te"hmcaf Note addresses each of the above elements to provide the user mth a step bfy
step procedure for general purpose bonding of Kamatics Wear Strips . .

Adhesive Selection and Control ' e . .
Faor honding Wear Strips, Kamatics recommends the use’ of Hysol Epoxy Adh esive EA 9309.3 NA, or
equivalent. Important characteristics of the adhesive are: i ‘ h

= - Adequate working time for the particular installation

=~ 160°F (70°C) operating temperature

= - Inteml bond line control (suspended gYam beads or fabric carrers)
The final bond quality can be adversely affected by impropsr handling and storage ‘of 1he adhesive.
Therefors, all adhesives must be stored and handied strictly in accordance with “the manufacmrer‘s
instructions and must not be used beyond their pubh:hed shelf hfc

§Eh-ztmte Cleaning

The substrate should be thomngh!v ¢leaned 1o remove a]] traces of dirt, oils, and oth'-r cnnmmmants B :
For substrates which are heavily comtaminated, the surfaces to be bonded should first be cleaned using 2
detergent cleaner and thoroughly ringed mth ho: water.

Cleaning of the surface to be coated should be by washing or Mpm" With w*hlnmethane acetonc, or -
alcohal. -

No cleaning of the Kamatics Wedr Strip is Yequired. The surface of the ’We'xr Strip to be bonded is
protected by an integral "peel ply" applied to the surface to be bonded. Removal of this "pee! ply™ exposes
a surface which is clean, roughened, and ready for bonding. .

All parts, following cleaning, should be handled only by personnei using cleau, hnz ﬁ'cc gloves
Contzmination of clcaned surfaces must be avoided, and any such contamination requxresre~cleanmg ofthe o
parts. ) o

Substrate Preparation ' B
In order to achiove a reliable bond bitween the Kamatics Wear Strip and the substrate, hoth snrfaces should .

be mechanically roughened to provide a surface most receptive to adhesion.

As mentioned previously, the "peel ply” apphed 1o the back of the Wear Smp, v&hen rcmnved £XpOses &
surfaces which is already clean, properly roughened, and ready for bonding. : ’

The substrate should be mechanically roughened using an atumnina gric paper (80-200 grit is adequaw) or
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using alumina grit in 2 grit blast operation, to remeve all surface deposits. Re-clean the surfaces after
roughening. Bond as soon as possible. ) : B . :

Proper Bond Line Thickaess Control :

in order to achieve the highest possible bond strength, the bond Line thickness must be c‘e»ﬁmllcci, The best
methed for controliing the bond fine thickness is to use an adhesive with an integral method of bond line
control, o i

Adhesive EA 9309.3 NA is a liquid which incorporates 0.005” diameter glass beads for bond line control. -
The liquid is applied to one or both surfaces to be bonded, and the surfaces are pressed together uintil the
excess adhesive is squeszed out from befween the surfaces. - The glass beads prevent the surfaces from
being pressed closer together than 0.005" (0.125 tmy), providing the optimun boad line thickness,

Proper Curing Procedure ‘ BT
.- The final bond quality can be adversely affected by improper curing of the adhesive. Therefore, all curing
‘ operations must be performed strictly in accordance with the manufactarer’s instructions. EA 93093 NA
provides optimum strength when cured at 70°-80°F (20°-25°C) for 5 1o 7 days. The bond will develop
sufficient strength for handling after 6 hours at room temperature, and fixturing to hold the part pressed
together should be used until handling strength is developed. Time to develop handling strength can be
greatly reduced by application of heat (do not exceed 250°F for this purpose), I

' Kamatics Wear Strip
: Bonding Procedure Summary
Adhesive: :

: *  Hysol EA9309.3 NA or equivalent.
Cleaning: . - ’ . ’ ’ T =
s Clean heavily contaminated surfaces using a detergent cleaner and thoroughly rinse with hot water.
. ¢  Clean the surface by washing in trichlorocthane, acetone, or aleohol.
Surface Preparation (Substrate): v . » - A - o .
Mechanically roughen using an alumina grit paper (80-200 grit is adequate) or using alaming grit in a grit
blast operation, to remove a1l surface deposits. Re-clean after roughening, Ja .

»  Handle only with ¢lean, lint free gloves.
¢  Apply adhesive as soon as possible.

Surface Preparation (Wear Strip): » : : i L R
Remove the “peel ply” from the back of the wear strip (a sharp obiect such as a knife is usefit for initiating
separation of the "peel ply" from the Wear Strip). - E .

»  Handie only with clean, lint free gloves.
¢ Apply adhesive as soon as possible.

Bond Line Controk: L : o ‘ ‘ ;_._ L
.. Apply a thin coat of adhesive to both the surface and to the back surface of the Wear Strip (or, if using a
film adhesive, apply the pre-cut adhesive film to the back of the Wear Strip). R o

Press the Wear Sinip agamst the substrate until excess adl.zesiveb 1o lcmgerv'is‘ squeezed 'ﬁ"om betsveen the :
* parts. (Wiping the excess adhesive from the parts at this point will reduce the effort required for cleanup of
the parts.) o i : o

Bond Curing: . . o . ) s SRS
Keeping the parts pressed together, cure the bond to handling strength at room temperature FO°-80°F (20°-

25°C) for 6 hours. Fully cure the bond at room temperaturs for 5 to 7 days.
¢ Clcan up excess adhesive as reguired. ) :
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ROLLER SWAGING KARON LINED
SELF-LUBRICATED SPHERICAL BEARINGS
The information given in Tech Note 18 is offered as a guide when designing & too) to xolb s@age a
bearing into a housing, The data pertains to the manufacture of a too! for any particulsr bearing
size. Tt is obvious that a “basic” tool can be designed with intercharigeable spacers, sleeves, ‘and
rollers that would accommodate a family of bearing sizés. The user is encouraged to consider this
option when designing tooling. ’ : : .

!mrod'ncﬁon ' ‘

Instaliation of K Aron lined self lubricated spherical bearings is best performed by using a roller swaging

ol similar to that shown in Figure 1 or the Appendix. Roller swaging requires Iess force than anvil )
staking, is easier to adjust 1o variations in swaging groove geometry, and allows finer control of the actual
swaging process. Because the sleeves (or pilots) and adjustable spacers allow one basic rolling teol tobe
adapted to a variety of bearing sizes, roller swaging tools are also more economical than anvil staking tools.

: ] le— SHANK DIAMETER
. - STAKING ‘
DIAMETER ~—wf -
» ; i
SETSCREW ROLLER
CAPSCREW
SPACER
e
BEARING Ve EaRING HOUSING
= - :
ANVIL QD
NOMINAL . N
PILOT DIAMETER ANVIL
PILOT BUSHING % aor

Figure 1 - Typical Roller $taking Tool Set Up

Most users find it easier and more convenient to manufacture their own roller swaging tools in accordance
with the formula and drawings contained in the Appendix or similar designs. In addition, Kamatics can
provide individual tools or sets for users without the facilities 1o easily produce their own tools.

Procedure . i : ) :
" The following step-by-step procedure provides the instructions needed to successflly install KAron-tined

self lubricated spherical bearings in a shop environment. Installation of K Aron-lined self lubricated
 spherical baarings in parts which are mounted on the aircraft require modified versions of the roller -

swaging tool, but the basic procedure is the same. ' : : ) :
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Shert 2 of 4

(1) Use aheavy duty deill press with a quill diameter of not less than 2 inchés? and géaring that will give
not less than 200 pounds of force at the chuek with usual operator input. Set the drill press for
approximately 80 rpu for I inch or smaller bore diameters, or proportionataly stower for larger
bearings, : ) ) .

(2)  Setthe rollers of the swaging tool to agree with the diameter of the bearing swagze groove, The
distance between the inside edges of the rollers should be 003-.0107 larger than the dizmeter of the -
center of the groove, as a starting point, Tighten all the parts, making sure the rollers turn freely,
The fit of the pilot in the guides of the primary and the secondary anvils should be tight without
binding, R R 3

(3}  Instal] the swaging tool in the chuék of the drill pre:s

(4)  Apply the specified installation finish (primer, sealant, etc.) to the ID of the housing and the OD of -
the bearing, ' : : . - . :

V (5) Install the bearing centered in housing. Make sure the outer race of fh-e bearing is flush to 0,010
) inch gbove the housing surface, or g5 specified on the installation drawing, = Tl

(6} Apb!y a thin layer of genéral purpose grease to the swaging groove to prevent galling. 'l“ri.’ nottoler
the grease get on the K Aron surfaces of the inner race, e

CAUTION: MINDMIZE THE AMOUNT OF GREASE OR OTHER LUBRICANTS WHICH
: MIGHT GET INTO KARON-LINED BEARINGS. LUBRICANTS CAN COLLECT
: CONTAMINATION AND THUS SHOULD BE AVOIDED. - - g
(7} Betthe surface to be swaged perpendivular to the axis of the spindle,

{8) . Swage the first side of unti! the Hp is swaged out into the swaging groove. Inspect the swaging lip to
insure that sufficient swaging has oscurred. There should be less than .005” gap between the outside
of the lip and the housing, which can be checked with a wire fesler gage. If'the lip has not'swaged
over adequately after two attempts, increase the distance betiween the inside edges of the roflers an
additional .005” and re-swage. : I TSI

(9) Turn the assembly over and swage the secomi side.

NOTE; Do not let the rollers touch the bottom or the inner face of the swaging groove in the
“bearing outer race. This can causs binding of the bearing to the extent that the ball
v cannot be turned in the housing. ' S
(10)  Clean the lubricant from the bearing with 2 rag wet with a small amncunt of methyl cthyl ketone,
’ acetone, of similar solvent, Protect the inmer race from the solvent and all lubricants. =
(11) Examine the swaged lip for clearance and galling. Gall marks should be avoided, and is cansed
. when the rollers did not tum or the roller lubrication was jusufficient. = RS
(12) The stake is completed when the swaged tip touches the housing chamfer and the gap at the outer o
edge is less than 0057 ) : ) S
{13)  Unless specified by the overhau! instructions, the no-load breakaway torque of an instatled K Aron-
lined spherical bearing must not be more than two times the uninstalled maxinum breakaway torque
specified in the bearing specification or standard, s P
(14) M required, give the bearing a push-out load test. ‘Apply the load only to the outer race. The bearing o
must not move in the housing or come loose. ’ S

DIMENSIONS FOR BEOLLER SUPPORT.

ADIA = AS REQ TO FIT DRILL OR MILL CHUCK (BEARING LD, MIN) |
* BDIA=SLIP FIT IN BEARING 1.D,(PRESS FIT ON SUPPORT) ' P
CMIN = (BALL WIDTH - RACE WIDTH)’2 + MAX BRG GROOVE DEPTH + 020
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C MAX = C MIN 4 .005

D DIA = B-06 (PRESS FIT WITH SLEEVE LD.)

E MIN = NOMINAL BOLT DIA

E MAX = E MIN + 010

F MB\‘T € MAX + E MAX {2 ROLLERS REQUIRED, 0.D. MUST BE WITHIN 001 OF EACH
OTHER}

F MAX =F MIN + 010

G MIN = MAX BRG GROOVE DIA + 005

G MAX =G MIN + 005

H DIA = SLIP FIT WITH BOLT DIA

L MIN = C+ (1.5 x BRG BALL WIDTH)

L MAX =L MIN + 030

WMAX = G MIN - 06 (ALLOWS 2 030 THICK SPACERS) SEE NOTE 3

DIMENSIONS FOR ROLLER BASE
I MIN =MAX BRG L.D. +.005

JTMAX = J MIN + .005
K MIN =G MIN

K MAX = MIN BRG O.D. : ’

M MIN = SUGGEST 1,00 MIN (TO SUIT USER EQU:PM;EM)
N MIN = {(BRG BALL WIDTH - RACE wznm)n) +.030

N MAX =N MIN + .030

© P MIN = (2 x ¥(BRG BALL DIAZY @ (RA(‘E WIDTHR2Y ) + 020
P MAX = P MIN + 010
- RMIN = K MAX + .25 (MAX = TO SUIT CUSTOMERS EQUIPMENT)

1. REFER TO MIL-STD-1599 REQUIREMENT 202, PARA.6 FOR INSTALLATION AND
SUBSEQUENT INSPECTION OF INSTALLED BEARINGS.

2. ASSEMBLE NUT AND BOLT AS SHOWN. TIGHTEN THE NUT SUCH THAT THERE IS
APPROXIMATELY .005* LOOSENESS TO ALLOW THE ROLLERS TO ROTATE
WITHOUT CATCH OR BINDING.

3. SPACER THICKNESS *AS REQUIRED TO OBTA!N PROPER WIDTH TO MATCH DM,

' *G" (BEARING GROOVE DIAMETER). THE SUPPORT CAN BE MANUFACTURED
WITHOUT THE NEED FOR SPACERS BUT THE TOOL IS THEN LIM!TED TO THAT ONE
SIZE UNLESS MODIFIED LATER,

4. THE UNDERCUT IS NOT MANDATORY BUT THE POTENTIAL FOR INTERFERENCE .
WITH MATING HOUSING WILL EXIST.

ROLL SWAGING TOOL - MATERIAT,

ROLLER SUPPORT- STEEL.RcA0 MIN

ROLLER (2) - TOOL STEEL Re55 MIN

SLEEVE- ACETAL RESIN,, PTFE, NYLON, ETC

SPACER (AS NEEDED, 2 MT\)- STEEL,R¢25 MIN

BOLT- 250 DIA.CLOSE TOLERANCE. HARDERED (Rc35 MIN) (SUGGE'STED)
NUT- .250 THREAD (SELF-LOCKING SUGGEST L‘D}

-‘ROLLER BASE- STEEL,Rc40 MIN
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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 Iubricating 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 Y 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 % 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 % scale representation of the existing pintles, which are 24
inches in diameter. The rotation of the scale model was 63.5°, 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 63.5°

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 TESTA TESTB

SET (6-inch scale model pintle-bushing) (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 Iubricant 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 KaronV | 0.07 0.05 2.25 0.45 0 -0.25
TenmatT814 | 44 | 0.065 0.5 0.5 26 0.1
(retaining collar)
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 KaronV | 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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APPENDIX A
MODEL CONSTRUCTION AND ASSEMBLY

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 11




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

Axial Static Load
Cylinder

Support Bearings

Side Load
Cylinder

Test Block
with
Bushing 5’
ide

Test Block with
Bushing 6" side

Test Frame

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.
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Cylinder and Torque Arm Assembly

Figure A4. Top and bottom actuators assembly.
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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 B3). 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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P

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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ey

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 foaded side. Note accumulation of wear debris above
darker contact area.
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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

n.

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 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 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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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
sapproximately 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 %)
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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Retaining
ring

Figure D3. Close-up view of Tenmat T814 5" bushing. Note darker contact areas.
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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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The Corps of Engineers has been using self-lubricating bushings in navigation locks for the past 20 years. The purpose of this study
was to evaluate mechanical properties and durability of emerging advanced self-lubricating bushing/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 accel-
erated testing of quarter-scale model self-lubricating pintle bushings in simulated river are also reported.

15. SUBJECT TERMS
evaluation, civil works, navigation structures, mechanical systems, self-lubricating

16. SECURITY CLASSIFICATION OF: 17. LIMITATION 18. NUMBER 19a. NAME OF RESPONSIBLE PERSON
OF ABSTRACT OF PAGES Ashok Kumar
a. REPORT b. ABSTRACT c. THIS PAGE 19b. TELEPHONE NUMBER (in-"
Unclassified Unclassified Unclassified SAR 172 clude area code)
(217) 373-7235
NSN 7540-01-280-5500 Standard Form 298 (Rev. 8-98)

Prescribed by ANSI Std. 239.18



