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ABSTRACT

This report contains the results of a test program set up to deter-
mine the operational characteristics of dry composite lubricated bearings.
Two different bearing types were tested: tapered roller bearings and ball
bearings. Four dry composite lubricants and two low vapor pressure
greases were tested. Results indicate that the dry composite lubricants
were more successful when used with ball bearings than when used with
tapered roller bearings. All four composite lubricants provided low
system torques {40 to 60 lb-in.) under heavy loads (3000 1b/bearings) for
the scheduled 100 hours. Best results were obtained using Cu (copper)
and PTFE (Teflon®) and WSeg (tungsten diselenide) and a silver
alloy + PTFE + WSeg. One low vapor pressure grease was successful as
a lubricant at room temperature but migrated at temperatures above room
temperature. The other low vapor pressure grease was successful at
temperatures up to 140°F with no migration,
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SECTION |
INTRODUCTION

Experience has shown that conventional fluid lubricants in bearings
are not satisfactory for extended periods of operation in vacuum chambers
at pressures of 10-8 torr and lower because of (1) excessive evaporation
and sublimation which causes an excessive load on the chamber vacuum
pumping system; (2) possible surface contamination of test support
equipment as well as test vehicles; (3) loss of lubricant causing marginal
lubrication with possible cold welding of clean surfaces {Refs. 1 and 2).
Development work to date using dry composite lubricating materials has
demonstrated that the use of these lubricants is practical and that they
can be adapted to various applications in aerospace chamber support sys-
tems (Refs. 3, 4, 5, and 8). However, before specific dry lubricated
bearings are produced and installed in a particular testing facility, it is
necessary to conduct functional tests of prototypes of each to determine
whether the load life characteristics meet the requirements of satisfactory
operation in the particular application (Ref. 7).

The vehicle handling system of the Mark I Aerospace Environmental
Chamber (Fig. 1) is designed to be capable of supporting and maneuvering
a 40,000-pound test vehicle with a 3-G load factor. The operational en-
vironment will have a pressure range of from one atmosphere to 1 x 10-8
torr, and a temperature range of from -193 to +100°C. Materials used
in this system are corrosion resistant steels with minimum outgassing
rates. A minimum bearing life of one year of continuous operation is
desired without manual relubrication.

The work reported herein concerns the evaluation of self lubricating
composite materials and dry lubrication techniques for tapered roller
bearings and ball bearings which could be used in the Mark I system.

SECTION il
LUBRICANTS

2.1 THEORY OF DRY LUBRICATION

The theory behind dry film lubrication is simply indicated in Fig. 2.
Friction and wear are the results of the welding together of surfaces at
their points of contact and the subsequent tearing at the welded junctions
when the surfaces slide or roll over one another. The frictional force,
F (see Fig. 2), equals the product of the area of real contact, A, and the
shear strength, S, of the junction. When a hard metal rides over a soft
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one, the hard body presses or plows into the soft one so that the area of
real contact is large; even though the shear strength of the junction may
be relatively low, the frictional force is large because of the large area
of real contact, The frictional force is also large when both bodies are
hard because the shear strength of the junctions between them is large
even though the area of real contact is small. The ideal solution to the
problem of friction is to deposit and maintain a thin film of material with
low shear strength between two hard bodies so that the hard substrate
supports the load and keeps the area of real contact at a minimum while
the film reduces the shear strength of the junctions. Together these two
factors reduce the frictional force {Ref. 1).

2.2 TYPES OF DRY LUBRICATION SYSTEMS

Techniques for the deposition and maintenance of the dry film on
bearing surfaces are divided into two types of systems,

2.2.1 Nonreplenishoble Systems

Thin dry lubricating films may be applied and bonded directly to bear-
ing surfaces by several methods, such as spraying, brushing, vacuum
deposition, or electroplating. Usually a fair degree of uniformity is main-
tained in film thickness and film so deposited is expected to lubricate the
surfaces on which it is applied for a certain length of duty life, after which
the surface may or may not be inspected, cleaned, and the film reapplied.
However, during the duty life of the particular surfaces, there is no pro-
vision for maintaining the film at its desired thickness. Such a system is
said to be nonreplenishable (Ref. 8).

2.2.2 Replenishable Systems

Dry lubricating films may be transferred from a reservoir to the bear-
ing surfaces which are to be lubricated. This reservoir can be a quantity
of dry powder lubricant packed and sealed into the bearing. A bearing
component such as the rolling element retainer can provide the lubricant
reservoir if it is constructed of the dry composite lubricant (MoSg2 or
WSe2) sintered with a powdered metal such as silver or copper which acts
as a matrix, In such systems, the rolling elements pick up the dry lubri-
cant and transfer it to the bearing races where a film is established and
maintained (Ref. 8).

2.3 FUNCTIONS OF THE MAJOR CORSTITUENTS OF THE SOLID COMPOSITE
LUBRICANTS TESTED

Several materials were used for the bearing retainers and rolling
element replacement inserts: a powdered metal (copper or a silver alloy);
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a plastic, PTFE (Teflon®); and a metallic salt, (tungsten diselenide)
WSe2. The metal formed a matrix under moderate heat and high sinter-
ing pressure which bound the composite together. The plastic served

as a film-forming agent, and the metallic salt carried the normal loads
and acted as the lubricating element along with the plastic. The ratio

of metal, PTFE, and metallic salt was about 6:3:1 by weight. 'One com-
posite material was tested using a high strength silver alloy + PTFE with-
out a metallic salt. In addition, two other composites employed one of
two alloys specially developed by Westinghouse plus WSep which acted as
the lubricating element carrying the normal loads. In these two com-
posites, the plastic film former was eliminated. The alloys used a con-
stituent which replaced the organic PTFE film former in these composites.

2.4 LOW YAPOR PRESSURE GREASE TESTED

Apiezon® "L, " a specially developed low vapor pressure (10-10 to
10-11 torr at room temperature, 27°C) petroleum distillate grease, was
tested in tapered roller bearings so that some comparison between the
grease and the solid composite lubricants could be made. Apiezon "H,"
also a low vapor pressure grease (10-9 torr at 250°C) was later used
when it was found that bearing temperatures were running above 27°C,

SECTION I
APPARATUS

3.1 BEARING EVALUATION TESTER

The bearing evaluation tester was designed and built by Westinghouse
and is shown in Figs. 3 and 4, As shown in Fig. 3, this tester is designed
to employ one test bearing and three support bearings. There were two
testers of this type. One was used in testing the tapered roller bearings
and the other in testing the ball bearings,

3.2 HORIZONTAL LOAD ASSEMBLY TESTER

The horizontal load assembly tester was designed and built by ARO,
Inc., and is shown in Figs. 5 and 8, As the name implies, this tester
was designed to test the horizontal load assembly (HLA) as shown in
Fig. 7, for the vehicle handling system of the Mark I Aerospace Environ-
mental Chamber. The tester employed an eight-inch wheel which drove
and was loaded against the four-inch wheel of the HLA. Both tapered
roller bearings and ball bearings were tested in the HLA and tapered
roller bearings were used in the tester as support bearings.
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3.3 TEST BEARINGS

3.3.1 Tapered Roller Bearings
'

The tapered roller bearings tested were made by Timken, and came
originally with sixteen rollers. In applying the dry composite lubrication
to these bearings, it was necessary to delete some of the original rollers,
the number depending upon the lubrication technique employed. In remov-
ing some of the rollers, the manufacturer's rated load factors were
affected as follows:

0.7
Rerated Capacity = (Number 10 ; rollers) x Rated Capacity

For example, a 16-roller bearing having a maximum dynamic radial rated
load of 8600 1b had a rerated radial load capacity of 7850 1b when only

12 rollers were used and a rerated radial load capacity of 5900 1b when
only eight rollers were used.

3.3.1.1 Alternote Compesite Lubricoting Inserts

A tapered roller bearing was tested with eight of the original rollers
replaced with dry composite inseris alternately placed between the eight
remaining rollers as shown in Fig, B. The original retainer was used in
this particular bearing.

3.3.1.2 Composite Lubricating Retainer

Tapered roller bearings were tested with the original retainer
replaced by a retainer made of a dry composite lubricating material (see
Fig. 9). In making these retainers, it was necessary to make accommoda-
tions for only twelve of the original sixteen rollers so that the retainer web
thickneas could be increased. This was necessary because of the relatively
low strength of the composite material with respect to that of the original
retainer material, steel.

3.3.2 Ball Bearings

The ball bearings were made by the Marlin-Rockwell Corporation and
employed eight balls which was the standard number for these particular
bearings. Only one lubrication technique was tested with the ball bearings,
that being the composite lubricating retainer (see Fig. 10). These com-
posite lubricating retainers were reinforced with steel shells to increase
their strength.
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3.4 TEST CHAMBER

The Aerospace Research Chamber (7V), Fig. 11, was used to pro-
vide the environment for this test program. The inside of the chamber
is 7 ft in diameter and 12 ft long from door flange to door flange. Both
ends are provided with doors which give full 7-ft access to the chamber
as seen in Figs. 12 and 13. The pumping system for this test program
consisted of one end cryopanel cooled to 77°K, for pumping water vapor,
and two 32-in. diffusion pumps, each in series with one of two 6-in.
diffusion pumps backed by a single mechanical pump. Liquid nitrogen
cooled baffles were employed with the 32-in, diffusion pumps to retard
diffusion pump oil backstreaming. In addition to the pumping system out-
lined above, one test was conducted with the chamber liner and both end
panels cooled to 7T7°K and with a 28-sq-ft cryosorption panel cooled to
16°K using gaseous helium (Ref. 9).

3.5 INSTRUMENTATION

Strain gages were used to measure the system torque on the bearing
evaluation tester and the HLA tester. Copper-constantan thermocouples
were used as sensors for representative temperatures on both testers.
Chamber pressure was measured with two nude ionization gages. One
gage was located near the bearing evaluation tester and the other near
the HLA tester. Since the HLA tester was located in the end of the
chamber which had the liquid nitrogen cryopanel, pressure was noted to
be generally half a decade lower near the HLA tester than the pressure
near the bearing evaluation tester,

3.6 DRIVE SYSTEMS AND ROTARY FEEDTHROUGH SEALS

The bearing evaluation tester was driven by a one-horsepower,
variable speed a-c motor (see Fig, 12), Input speed to the bearing evalua-
tion tester was 100 rpm. The HLA tester was driven by a three-horsepower,
variable speed a-c motor (see Fig. 13). Input speed to the HLA tester was
30 rpm. A 2:1 ratio existed between the 8-in. HLA tester wheel and the
4-in. HLA wheel; therefore, the HLA wheel was turning at 60 rpm.

Since it was necessary that the drive mechanisms be located outside
the vacuum chamber, two vacuum-tight rotary feedthrough seals were
developed by AEDC. These seals, one for each drive system as mentioned
above, each used two guard vacuum cavities around the drive shaft, as
shown in Fig. 14. The cavity nearest the drive motor was maintained at
a pressure between 1 and 10 microns by use of a mechanical pump. The
cavity nearest the tester was maintained at pressures less than 1 micron
by use of a 2-in. diffusion pump backed by a mechanical pump.
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The performance of both seals was excellent. Leakage through the
seals was immeasurable. Chamber pressures as low as 6.4 x 10-10
torr were attained and maintained for significant periods of time during
the gaseous helium cryosorption testing phase, Pressures on the order
of 3 x 10~9 torr were held during the test periods when the standard
pumping configuration was employed,

SECTION Iv
PROCEDURE

4.1 BEARING EVALUATION TEST
4.1.1 Tester Assembly and Instollation

The tester used in the tapered roller bearing evaluation test is
diagramed in Fig. 3. The test bearing and three support bearings were
pressed onto the shaft and into their respective housings and the
shaft/{housing assembly was then aligned in the tester. The tester was
then installed in the chamber as shown in Fig. 12.

The tester used in the ball bearing evaluation test was identical to
that used for the tapered roller bearing evaluation with the exception of
housing and shaft diameters. The assembly and installation procedures
were similar to those used with the tapered roller bearing evaluation
tester.

4.1.2 Loading ond System Torque Measurement

Radial load was applied to the bearings by means of a loading screw
acting on a calibrated helical compression spring (see Fig. 3) which in
turn transmitted the load to the center housing. The spring was com-
pressed to its maximum (6000-1b load) and this load was shared equally
by each of the two bearings in the center housing. The resultant load on
the bearing in each of the end housings was 3000 1b/bearing.

System drive torque was measured using strain gages mounted on a
strain gage/slip-ring assembly coupling shaft in line with the drive shaft.
The strain gages were calibrated by applying known torque loads on the
strain gage coupling shaft and recording the needle deflection on a strip
chart recorder. Known torques up to 100 lb-in, were applied and related
to strain gage outputs as seen by the strip chart recorder,
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4.2 HORIZONTAL LOAD ASSEMBLY TEST

Both tapered roller bearings and ball bearings were evaluated in the
horizontal load assembly in this test program. The tapered roller bear-
ings were tested first, The bearing cups (outer races) were pressed
into the housing of the HLA and the housing cap (see Fig. 7). The cones
(inner races and roller/retainer assemblies) were pressed onto each
end of the HLA wheel shaft, The HLA wheel shaft was then placed in
the HLA housing and the housing cap was pressed into the housing using
dowel pin guides {see Fig. 7). The HLA wheel composite lubricating
disc was then inserted into the HL A along with the calibrated disc pres-
sure spring and loaded to the desired disc pressure with the spring
adjustment screw.

Buildup procedures were similar using ball bearings although modi-
fications to the HLLA were required because of the difference in size of
the ball bearings and the tapered roller bearings.

Tapered roller bearings were also used as support bearings on the
load wheel shaft in the HLA tester (see Fig. b5).

Radial load was applied to the HLA by placing the HLA in the load-
ing cylinder and forcing the HLA bearing wheel against the tester load
wheel using load bolts located around the HLLA base flange which engaged
with the tester loading cylinder base flange. The radial load applied was
determined using a torque wrench on the load bolts.

The tester loading cylinder with the HLA installed was floated on
Teflon bushings located in the tester support structure, Therefore, the
torque experienced in the two test bearings within the HLA and the two
support bearings on the load wheel shaft tended to rotate the entire
tester apparatus within the Teflon bushings which provided very little
resisting torque. This rotation was resisted, however, by a thin bend-
ing bar (torque transmitter) on which were located strain gages. This
torque transmitter was located atop the tester support structure with a
dowel which was welded to the top of the tester loading cylinder protrud-
ing through a small hole in the center of the torque transmitter., This
dowel relayed the system torque to the torque transmitter in the form
of a bending force applied at the center of the bending bar (torque trans-
mitter)., The greater the torque in the system, the greater was the bend-
ing force applied to the bending bar and the larger the output from the
strain gages. Calibration of the strain gages was obtained by applying
known torque loads on the system and recording the needle deflection on
a strip chart recorder. Known torques up to 400 1b-in, were applied,
transmitted, and related to strain gage outputs as seen by the strip chart
recorder.
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Testing was started in each case when chamber pressure reached
1 x 10-7 torr and was scheduled to run for 100 hours.

SECTION V
RESULTS

5.1 BEARING EVALUATION TESTS
Table I shows bearing evaluation test conditions and results.
5.1.1 Test1 BR

In this test a tapered roller bearing was tested using a
Cu + PTFE + WSe2 one-piece lubricating retainer., Apiezon "L" grease
was used as a lubricant for the three support bearings. System torque
and bearing temperature are shown in Fig, 15 as functions of test time,
The test was terminated at the end of 36 hours because of misalignment
of the strain gage/slip-ring shaft and the danger that one of the couplings
in the drive system might work loose. Post-test analysis revealed that
high bearing temperatures had resulted in grease migration from the
support bearings which had contaminated the solid composite lubricating
retainer of the test bearing, Therefore, further testing of that particular
test bearing would not have been conclusive., There was no evidence of
grease migration external to the bearing evaluation tester.

5.1.2 Test2 BR

In this test a tapered roller bearing was tested using Cu + PTFE + WSeg
alternate lubricating inserts. Apiezon ""H'' grease was used as a lubri-
cant for the three support bearings, This grease has a vapor pressure of
1 x 10-9 torr at 250°C whereas the Apiezon "L'" grease, which was not
successful in Test 1 BR, has a vapor pressure of 1 x 10-11 torr but only
at room temperature, 27°C, System torque and bearing temperature are
shown in Fig. 16 as functions of test time. An abrupt torque increase
occurred after about two hours and ten minutes of testing causing the
drive clutch to slip. The test was terminated at this point. There was
no evidence of grease migration using Apiezon "H."

5.1.3 Test3 BR
In this test a tapered roller bearing was tested using a silver

alloy + PTFE one-piece lubricating retainer, Apiezon "H" grease was
again used as a lubricant for the three support bearings., System torque
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and bearing temperature are shown in Fig. 17 as functions of test time.
This test ran the scheduled 100 hours without interruption. There was
again no evidence of grease migration using Apiezon "H."

5.1.4 Test1 BB

In this test a ball bearing was tested using a silver alloy + PTFE
+ WSe2 one-piece lubricating retainer. The three support bearings
were lubricated by one-piece Cu + PTFE + WSeg composite retainers.
System torgue and bearing temperature are shown in Fig. 18 as func-
tions of test time. This test ran the scheduled 100 hours without
inte rruption.

5.1.5 Test2 BB

In this test a ball bearing was tested using a Cu+ PTFE + WS3es
one-piece lubricating retainer. The three support bearings were also
lubricated by one-piece Cu + PTFE + WSeg composite retainers, Sys-
tem torque and bearing temperatures are shown in Fig. 19 as functions
of test time. After eight hours, testing was interrupted to make internal
alignment adjustments on the tester in an effort to correct the conditions
causing high bearing temperatures. The test was restarted and there
was still a marked increase in both system torque and bearing tempera-
ture. The test continued uninterrupted for the remainder of the scheduled
100 hours.

5.1.6 Test3 BB

In this test a ball bearing was tested using a special alloy (# 1)* + WSeg
one-piece lubricating retainer, One of the three support bearings used a
special alloy (# 2) + WSe2 one-piece lubricating retainer and the other two
support bearings used Cu+ PTFE + WSeg one-piece lubricating retainers.
System torque and bearing temperature are shown in Fig. 20 as functions
of test time. The test was interrupted at the end of 39 hours so that the
chamber might be opened and the horizontal load assembly tester installed.
An abrupt failure of the system occurred as evidenced by the slip clutch
on the drive shaft slipping after a total of 73 test hours,

5.1.7 Test 4 BB

In this test a ball bearing was tested using a special alloy (#2) + WSeg
one-piece lubricating retainer. Ome of the three support bearings used
a Cu + PTFE + WSe2 one-piece lubricating retainer, the second used a
silver alloy + PTFE + WSe2 one-piece lubricating retainer, and the third

*The alloy used a constituent which replaced the organic PTFE
film former.



AEDC-TR-65-35

used a special alloy (# 1) + WSe2 one-~piece lubricating retainer, Sys-
tem torque and bearing temperature are shown in Fig., 21 as functions

of test time, During the first 29 hours of testing, the entire chamber
liner and both end panels were being cooled with liquid nitrogen at

77°K and the 28-sq-ft cryosorption panel was being cooled with gaseous
helium at 16°K. At the end of 29 hours of total test time, the helium
refrigerator was shut off and the liquid nitrogen supply ran out. Cham-
ber pressure rose from a low of 6.4 x 10-10 torr to a pressure above the
10-3 torr range which was off-scale for our pressure instrumentation
equipment. This pressure rise was a result of the cryodeposit coming
off the 16°K cryosorption panel as it warmed up. The diffusion pumps
were able to catch up with this increased load over the next four and
one-half hours. During this time, however, both system torque and
bearing temperature rose considerably. Testing was suspended for nine
hours after 65 hours of total test time to allow the bearing temperature to
decrease. A liquid nitrogen supply was received and the tester was once
again started and the test continued for the remainder of the scheduled
100 hours,

~

5.2 HORIZONTAL LOAD ASSEMBLY TESTS

Table II shows horizontal load assembly (HLA) test conditions and
results,

5.2.1 Test1HR

In this test two tapered roller bearings were installed in the HLA and
lubricated with Apiezon ""L''grease. Two tapered roller bearings lubricated
with Apiezon "L' grease were also used as support bearings in the HLA
tester. This test ran intermittently for a total of about four hours. Sys-
tem torque ran around 200 1b-in. with frequent drive clutch slippage
occurring because of the load wheel slipping axially and into the tester
loading cylinder. This slipping of the load wheel was caused by quite
heavy thrust or side loads which resulted from misalignment of the load
wheel and the HLA bearing wheel. Test bearing temperatures were
around ambient (70°F) during these four hours of testing, which seems to
indicate that the failures were not a result of improper lubrication but
rather of poor alignment in the tester.

52.2 Test 1HB
In this test two ball bearings were tested, one using a Cu+ PTFE

+ WSe2 one-piece retainer and the other a silver alloy + PTFE + WSe2
one-piece retainer, both installed in the HLA. Two tapered roller

10
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bearings using silver alloy + PTFF + WSe2 one-piece retainers were
installed as support bearings in the HLA tester. System torque varied
between 200 and 350 1lb-in, with three occurrences of the drive clutch
slipping. Test bearing temperatures were around 110°F during the

98 hours of testing, after which the test was terminated because of ex-
cessive torque.

SECTION Vi
DISCUSSION OF RESULTS

All bearings tested showed the capability of carrying heavy loads
as is evidenced by Table I in the Cr/P ratio. This is the ratio of rated
radial load capacity, Cr, of the bearing to the applied radial load, P.
In previous tests (Ref. 10) the lowest Cp/ P ratio obtainable was 10 where-
as in these tests Cp/ P ratios as low as 2. 6 were obtained and maintained
for 100 hours. No failure of any bearing element occurred in any test
and there was no appreciable wear of any bearing element.

The tapered roller bearings were not as successful with the solid
composite lubrication as were the ball bearings. Abrupt torque inereases
were experienced with the tapered roller bearings probably because of
slight jamming of the rollers by their skewing within their retainer pockets.
The solid composite retainer was more effective with the tapered roller
bearings than was the alternate solid composite insert method of lubrica-
tion. Wear of bearing elements in both types of bearings was negligible.
As can be seen in Table III, wear rates for the Cu + PTFE + WSez and
silver alloy + PTFE + WSey were less than those for the two proprietary
alloy composites, System torque was not excessively high in any of the
bearing evaluation tests; however, bearing temperatures were fairly high,
120 to 230°F in most cases. Previous tests have shown that ball bearings
with solid composite retainers are capable of operation between -180 and
320°F (Refs. 3 and 6).

The effect of even slight misalignment of heavily loaded bearing sur-
faces was shown in the horizontal load assembly tests when side loading
of the bearing wheel on the load wheel was quite severe. The experience
with the low vapor pressure greases indicates that where temperatures
can be maintained at room temperature or slightly below, the Apiezon "L"
can be effectively applied as a lubricant without appreciably contributing
to the chamber hydrocarbon background and migration is no problem.
However, for temperatures between 27 and 250°C it is advisable to use
Apiezon "H" grease,

11
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SECTION Vil
CONCLUDING REMARKS

It was found that the dry composite lubricants were more successful
with ball bearings than with tapered roller bearings. Best results were
obtained with the Cu + PTFE + WSe2 dry lubricant composite from the
standpoint of lowest torque and also of lowest percentage of lubricant
depletion.

Low vapor pressure greases were successful as lubricants within
certain temperature limits,

Dry composite lubrication will have many varied applications in
space environmental chambers. The ability of these composite materials
to lubricate various bearing materials in various geometric configura-
tions at extremely high loads has been shown. Furthermore, the capa-
bility of replenishment of the lubricating film will be of great significance
when considering extended duration testing and the use of inaccessible
mechanisms.
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TABLE |
BEARING EVALUATION TEST CONDITIONS AND RESULTS

Applied
Test | Bearing | Rated Radial Load | Load (P}, C./P Lubricating | Test Duration,Test Speed,
No. Type Capacity (Cp), 1b 1b Ratio* Lubricant Method hr rpm
1 BR | Tapered 7850 3000 2.8 Cu t PTFE + WSes Retainer 18 100
Roller
2 BR Tapered Alternate
Roller 5200 2000 2.8 Cu + PTFE + WSez Inserts 2 100
3 BR | Tapered 7850 3000 2.6 Silver Alloy + PTFE Retainer 100 100
Roller
1 BB Ball 8000 3000 3.0 Silver Alloy + PTFE + | Retainer 100 100
WS5eg
2 BB | Ball 2000 3000 3.0 Cu+ PTFE + WSeg Retainer 100 100
34 BB | Ball 2000 3000 3.0 Alloy (#1) + WSeg Retainer 73 100
4 BB | Ball 9000 3000 3.0 Alloy (# 2) + WSe2 Retainer 100 100

|

T

*This is the vatio of-rated radial load capacity, C,, of the bearing to the applied radial load, P. The

lower the CrfP ratio, the more exacting ig the test on the bearing,

§E€-S9-¥1-24a3vY
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TABLE II

HORIZONTAL LOAD ASSEMELY TEST CONDITIONS AND RESULTS

Retainer

Alloy + PTFE + WSe2
Retainer

[ Test HIL.A Bearing Test Support Bearing Test Duration, | Speed Load,
No. Type/Lubricant Type/Lubricant hr rpm | lb/bearing
1 HR ! Tapered Roller/Apiezon "L" Grease| Tapcred Roller/ Apiezon 4
"L" Grease {intermittent) 80/30 3000
1 HB | Ball/Silver Alloy + PTKE + WSes Tapered Roller/Silver 58 60/30 3000

SE-S9-41-DQ3¥
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TABLE 1IN

TEST BEARING LUBRICANT WEIGHT LOSS

Test Run Time, Bearing Lubricant Weight Before Weight Loss, Percent Welght Loss
No. hr Type Material/Configuration Test, g N {Percent/ 6000 cycles)
1 BR 36 at Tapered Roller Cu+ PTFE + WSes (1) 130, 164 0.34 0.0072
100 rpm Retainer
2 BR 2 Tapered Roller Cu + PTFE + WSez (I 80.317 0. 007 0.00435
8 Inserts
3 BR 100 Tapered Roller Siiver Alloy + PTFE 171,133 0, 222 0.0013
Retainer
1 BB 100 Ball Silver Alloy (3) + PTFE + WSeg 158, 896 p. 976 0.0061
Retainer
2 BB 100 Ball Cu + PTFE + w5e2“l 127, 135 1, 145 0.0090
Retalner
3 BB 73 Ball Alloy #1 (2} + wseg 140, 411 3.490 . 0.0321
Retainer
4BB | 100 Boll Allay #2 @) 4 wsep 149, 088 5.650 0.0378
Retainer ’ -
1 HB 58 at Tapered Roller Silver Alloy B + PTFF + WSes Retainer] 125, 348 0.028 0, 0012
30 rpm (2 Support Bearings) | Silver Alloy )+ PreE + WSez Retainer] 120,294 0,022 0.0010
1 HB 58 at Ball Silver Alloyl3} + PTFF + WSea Retainer| 161, 987 0.029 0. 0005
80 rpm | (2 Test Bearings) Cull) + PTFE + WS5e2 Retainer 182, 467 0. 046 0.0010

(1) cu + PTFE + WSc3 in 60:30:10 ratio by weight

2 Proprietary Alloy

(3} gilver Alloy + PTFE + WSeg in 65:25:10 ratio by weight

SE-G9-¥L1-2a3Vv



UNCLASSIFIED

Security Classification

DOCUMENT CONTROL DATA - R&D

{Security clasailication of title, body of abstract and indexing annaration must ba entared when the averall seport is clresiifed)

1 ORIGINATING ACTIVITY [Cotporata authar) 28. REPORT SECURITY C LASSIFICATION
Arnold Engineering Development Center UNCLASSIFIED

ARO, Inc., Operating Contractor 26 GROUP

Arnold Air Force Station, Tennessee N/A

3 REPORT TITLE

TESTS OF DRY COMPOSITE LUBRICATED BEARINGS FOR USE IN AN AEROSPACE

ENVIRONMENTAL CHAMBER

4 DESCRIPTIVE NOTES (Type of report end incluaive dal!‘m

- N/A s

S. AUTHOR(S) (Lual name. fHrat name, initial)

Ridings, T. L., ARO, Inc.

6 REPORT DATE 78 TOTAL NO. GF PAGES ln. NO OF REFS
March 1965 44 10
82 CONTRACT OR GRANT NO, 98. ORIGINATOR'SE REPORT NUMBER(S)
AF 40(600)-1000
b PROJECT NG, 7778 AEDC-TR-65-35
c.Program Area 850E - a;r:q:ﬂonfpon'r NO(S) (Any othat numbere that may be asasigned
B N/A

10- AVAI LITY/LIMITATION NOTICES

requeste obtain c s O is repor . .

13. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY
Arnold Engineering Development
N/A Center, Air Force Systems Command,
Arnold Air Force Station, Tennessee

13 ABSTRACT

This report contains the results of a test program set up to deter-
mine the operational characteristics of dry composite lubricated
bearings. Two different bearing types were tested: tapered roller
bearings and ball bearings. TFour dry composite lubricants and two
low vapor pressure greases were tested. Results indicate that the
dry composite lubricants were more successful when used with ball
bearings than when used with tapered roller bearings. All four com-
posite lubricants provided low system torques (40 to 60 1lb-in.)
under heavy loads (3000 lb/bearing) for the scheduled 100 hours
Best results were obtained using Cu (copper) and PTFE (Teflon®) and
WSeg (tungsten diselenide) and a silver alloy + PTFE + WSegp. One
low vapor pressure grease was successful as a lubricant at roonm
temperature but migrated at temperatures above room temperature.
The other low vapor pressure grease was successful at temperatures
up to 140°F with no migration.

DD .fo*, 1473 UNCLASSIFIED

Security Classification




UNCLASSIFIED

Security Classification

KEY WORDS

LINK A LINK B LINK C

ROLE wT ROLE NT ROLE wr

bearings

tapered roller bearings

ball bearings

dry lubricants

environmental test facilities

greases

INSTRUCTIONS

1. ORIGINATING ACTIVITY: Enter the name and address
of the contractor, subcontractor, grantee, Department of De-
fense activity or other otganization {corporate author) issuing
the repaost.

2a. REPORT SECURITY CLASSIFICATION: Enter the over-
all security classification of the report. Indicate whether
"Restricted Data*’ is included Marking is to be in accord-
ance with appropriate security regulations.

2b. GROUP: Autsmatic downgrading 13 specified in DoD Di-
rective 5200. 10 and Armed Forces Industrial Manual. Enter
the group number. Also, when applicable, show that optional
markings have been used for Group 3 and Group 4 "as suthor-
ized

3. REPORT TITLE: Enter the complete report title in all
capital letters. Titles in all cases should be unclassified.
If a meaningful title cannot be selected without classifica-
tion, show title classification in all capitals in parenthesis
imrzediately following the title.

4. DESCRIPTIVE NOTES: If sppropriate, enter the type of
report, ¢.g., intenim, progress, summary, annual, or final.
Give the 1nclusive dates when a specific reporting period is
cuvered.

S. AUTHOK(S): Enter thz name(s) of author(s) as shown on
or 1n the report. Enter !ast name, first name, middle initial.
If malitary. show rank snd branch of service. The name of
the principal ot'thor is en absclute minumum requirement.

6. REPORT DATZ: Enter the date of the report as day,
month, year; or month, year. If more than one date appears
on the repont, use date of publication.

78. TOTAL NUMBER OF PAGES: The total page count
should foljow norma! pagiaation procedures, i.e,, enter the
number of pages containing information

7b. NUMBER OF REFERENCES: Enter the total number of
references cited Ln the report.

8a. CONTRACT OR GRANT NUMBER: If appropriate, enter
the applicatle number of the contract or grant under which
the report was written

854, 8, & Bd. PROJECT NUMBER: Ente: the appropriate
military department identification, such as project number,
subproject number, system numbers, task number, etc.

B8a. ORIGINATOR'S REPORT NUMBER{(S): Enter the offi-
cial report number by which the document will be identified
and contrclled by the originating ectivity. This number must
be unuque to this report.

g¥y. OTHER REPORT NUMBER(S): If the report haus been
ass‘gned any other report numbers {either by the originator
or by the sponsor), also enter this number(s),

10. AVAILABILITY/LIMITATION NOTICES: Enter any lim-

itations on further dissemination of the report, other than those

imposed by security clasgification, using standard statements
such as:

(1) **Qualified requesters may cbiain copies of this
report from DDC,**

(2) *“Foreign announcement and dissemination of this
report by DDC 15 not authorized.*

(3) **U. S. Government agencies may obtain copies of
this report directly from DDC. Other qualified DDC
users shall request through

(9) *'U. S. military agencies may obtain copies of this
report directly from DDC.  Othet qualified users
shall request through

(5) ‘'tAll distribution of this report is controlled Qual-
lfied DDC users shall request through

."

If the report has been furnished to the Office of Technical
Services, Department of Commerce, for sale to the publle, indi-
cate this fact and enter the price, if known

11, SUPPLEMENTARY NOTES: Use for additional explana-
tory notes.

12. SPONSORING MILITARY ACTIVITY: Enter the name of
the departmental project offize or laboratory sponsoring {(pay~
ing for) the research and development. I[nclude address.

13. ABSTRACT: Enter an abstract giving e bnief and factual
summary of the document indicative of the report, even though
it .nay also appear elsewhere in the body of the technical re-
port. If additionas! space is required. & continuation sheat ghall
be attached.

It is highly desirable that the abstract of classified reports
be unclassified. Each paragraph of the abstract shall end with
an indication of the military security classification of the in-
formation 1n the parapraph, represented as (75). (5). (C). or (V).

There is no limitation on the length of the abstract. How-
ever, the suggested length is from 150 t5 225 words.

14. KEY WORDS: Key words are technically meaningful terms
or short phrases that characterize a report and may be used as
index entries for cataloging the report. Key words must be
selected 50 that no aecurity classification 1s required. Identi-
fiers, such as equipment model designation, trade name, military
project code name, geographic location, may be used us key
words but will be followed by an :ndication of technical con-
text. The assignment of links, rules, and weights is optional.

UNCLASSIFIED

Security Classification



