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SUPERSONIC TRANSPORT LUBRICATION SYSTEM INVESTIGATION

by
W. L. Rhoads

ABSTRACT

Ball bearings and face seals for use on Mach 3 aircraft gas
turbine engine mainshafts have been evaluated in tests of up to
50 hours duration using a recirculating system with jet lubrica-
tion under typical engine load and speed conditions with the seals
exposed to 1200°F air and to a pressure differential of 100 psi.

Three lubricants were evaluated in these tests. Mobil
Jet II ester (MIL-L-23699 specification) performed adequately at
500°F bearing temperature (400°F oil-in) without inert gas
blanketing for 50 hours. Two synthetic hydrocarbon fluids tested
with an inert gas blanket (Mobil XRM-109F plus 10% Kendex high-
molecular-weight mineral-oil resin, and Mobil XRM-109F plus 10%
Kendex resin plus Mobil XRM-127B blended to the same viscosity
as XRM-109F) performed well at 650°F bearing temperature (500°F
0il-in), The test with the blend of three fluids ran for the
full 50 hours; however, system performance during the other
hydrocarbon test was limited by oil seal failure after 32 hours.
During the two full 50 hour tests a new oil seal design with
piston-ring secondary seal and hydrodynamic gas-bearing primary
sealing face was used with most encouraging results.

~—
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SUPERSONIC TRANSPORT LUBRICATION SYSTEM INVESTIGATION
by
W. L. Rhoads

I. INTRODUCTION

This is the second periodical report under NASA Contract
NAS3-~6267, Phase II, and covers the Baseline and Qualifying Test
portion of Task III of this contract.

The performance of aircraft gas turbine mainshaft ball
bearings, seals, and lubricants under simulated (Mach 3) supersonic
transport engine conditions is being studied using the most
advanced materials, designs, and manufacturing techniques available.
A recirculating system with jet lubrication which may be inert gas

"blanketed was used for all testing. Three lubricants, selected

on the basis of results of testing in Task II of this Phase and in
Phase I were run for up to 50 hours in the tests reported herein.

"These results will be used to assist in the selection of the two

fluids to be used in endurance testing.

To recapitulate, in Phase I of this program, five adwanced
fluids were evaluated in the recirculating oil bearing-seal test
rig, and five other fluids in a similar once-through (oil-mist)
system, by running three-hour screening tests at bearing temper-
atures in the 600-800°F region. The most promising mist fluid
and the two most promising recirculating fluids were then tested
for longer periods of time. 1In Phase II, three additional fluids
were screened in the recirculating-oil system in three -hour tests
at bearing temperatures in the 550-700°F range (Task II). Based
on the results of all screening tests, the three 50 hour tests
reported herein were run with the most promising fluids in the
recirculating-o0il system. Using these results, two endurance
tests of up to 250 hours duration will be conducted later
(TASK III) in the recirculating-oil system.

II. SUMMARY AND CONCLUSIONS

In Phase II, both Task I (procurement and set-up of equipment)
and Task II (screening tests) have been completed. Within Task III,
one Baseline and two Qualifying tests have been completed, These

Task III tests were run for up to 50 hours duration at specified
test conditions in increments of no more than 10 hours continuous

-1-
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running. The three lubricants evaluated were Mobil Jet II, an
ester meeting the MIL-L-23699 specification; Mobil XRM-109F
(synthetic paraffinic hydrocarbon) blended with lO%lby weight of
Kendex resin (highly refined, high molecular weight paraffinic
resin); and a blend of Mobil XRM-109F, Mobil XRM-127B (less
viscous version of XRM-109F) and 10% Kendex resin, in such
quantity to give the blend the same bulk viscosity as Mobil
XRM-109F. The baseline test used an M50 steel bearing

(B8 F 459981 G design) with a piston ring secondary oil seal
and was run without inert gas blanketing. The qualifying

tests were run using WB49 steel bearings (5 28 F 459980 H design)
under an inert gas blanket with a variety of seal designs and
materials.

The tests performed in this Task show the following:

1. Mobil Jet II ester performed adequately for 50 hours of
open-atmosphere baseline testing at bearing temperatures of 500°
to 530°F. Some surface distress was evident which may indicate
this lubricant is marginal for long term operation in this
temperature region. No evidence of bearing thermal instabilities
were noted.

2. Mobil XBM-109F plus 10% Kendex resin performed well for 32
hours at 640° to 660°F bearing temperature using inert blanket-
ing. Test termination was caused by oil seal failure. This

fluid appears suitable for longer term operation at these con-
ditions.

3. The blend of Mobil XRM-109F, Mobil XRM-127B and Kendex resin
performed well for 50 hours under an inert blanket at 640° to
650°F bearing temperature. The suitability of this fluid for
longer term operation at these conditions is doubtful. The

viscosity of this blend was increased by 87% during the test,
probably due to distillation of the lighter XRM-127B constituent.

4. With the proper selection of o0il seal carbon, shoulder
plating, face load, and o0il cooling of the shoulder, it was
possible to get sustained 0il seal leakage rates of the order of
1 scfm without lift-off for over 32 hours with a bellows seal.
This offers hope for longer trouble-free operation of this type
of seal in future testing at the extreme conditions encountered
in this program.

2=
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5. A new generation of oil seal employing a piston ring second-
ary seal (instead of metallic bellows) in conjunction with a
shoulder having hydrodynamic 1ift pads has been successfully run
for 100 hours without lift-off and is still considered operational.
While this type of seal has minimum leakage rates 3 to 5 times
that of the best bellows seal, it offers the best hope of extended

testing for the remainder of the program.

-3~
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ITI. TEST DETAILS

1. Background

In gas turbine engines designed for use in future generat-
ions of supersonic transport aircraft, the mainshaft thrust bearings
and the seals used to contain the lubricant in the bearing chamber
must be capable of operating at 600°F and above. Since lubricant
degradation must be minimized for long term operation at these
high temperatures, inert gas blanketing may be employed to reduce
oxygen to a very low level in the bearing and lubricant system.

The current state of development of bearings, seals, and
lubricants is such that short term operation under the conditions
specified for advanced supersonic transport engines is pOS§ib1e,
However, extended operation of candidate bearing—sealTlubrlcant
systems, to be attempted in Task III of this effort, is needed to
establish temperature limitations and System reliability.

Within this contract, the @ I&F Industries Research Laboratory
has completed Phase I in which an inerted bearing-seal-lubricant
system was used to test several lubricants under simulated super-
sonic jet engine conditions. The results of Phase I testing are
summarized in (1)¥* In Phase I the most promising lubricant found
was Mobil XBM 177F, which consists of the XRM 109F base-oil used
in the present Phase II and a proprietary boundary lubricating
additive of the organic-phosphate class.

2. Research Objectives

It is the purpose of Phase II of the program to perform
additional investigations of the operational limits of the best
currently available ball bearings, seals, and additional lubricants
in & high temperature recirculating lubrication system under
conditions simulating those expected in the main propulsion power
units of an advanced Mach 3 supersonic transport aircraft. It is
expected that this extended research will result in:

a) Data pertaining to the maximum temperature capabilities,
up to 700°F outer race bearing temperature, of several
promising lubricants not previously tested in a nitrogen
blanketed recirculating lubrication system

“Numbers in parenthesis refer to references at the end of the text.
Yy
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b) Operating experience with a modified bearing design
(Series II) and new cage material and silver plating
process.

c) Additional data on the behavior of bellows face seals
and information on the performance of piston ring
secondary face seals at extreme speed, temperature, and
pressure differentials.

d) Longer-term performance (50 to 250 hours) data on bearing-
seal-recirculating lubrication systems under simulated
supersonic transport engine conditions with several of
the most promising fluids found under Phase I and Task II,
Phase II testing.

0f the above objectives the work so far completed has covered
items a, b, ¢, and the 50 hour testing under d.

The remainder of this program, already in progress, will cover
the operation of two fluids for periods of up to 250 hours.

The phasing of effort is shown in the Gant Chart in
Enclosure 1, which 1s current as of November, 1968. Appendix 1
of (5) (Phase II - Scope of Work, Contract NAS3-6267) contains
a detailed definition of the scope of the present effort.

3. Test Elements

The general plan of the test equipment used on this program
is shown in Enclosure 2. An assembly drawing of the recirculating
test rig is included as Enclosure 3. Detailed descriptions of
the equipment and its capabilities have been given in (1,2,3,4).

a) Bearings

The test bearings used in this phase have been described
in detail previously (1,.2, 3, 4, 3). Drawings of the two test
bearings (459980H, WB49 steel and 459981G, M50 steel) are shown
in Enclosures 4 and 5. The ion silver plated 4340 steel cage
used in all extended testing is shown in Enclosure 6.

b) Seals

The dual test seal arrangement used in all testing to date

-5
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has been described in detail in (1,2,3,4,5). 1In several of the
long term tests reported herein a new design face seal employing

a carbon piston ring secondary in place of the previously utilized
steel bellows secondary has been used (with good success). In
addition to the different secondary sealing arrangement, the
shoulder incorporates hydrodynamic 1ift pads. The piston ring
seal is shown in Enclosure 7 and the hydrodynamic 1ift pad
shoulder is shown in Enclosure 8. Bellows oil and air seals and
shoulders are shown in Enclosures 9, 10 and 1l1.

¢) Lubricants

Data for Mobil Jet II and Mobil XRM-109F plus 10% Kendex
0839 high molecular weight resin have been presented in (5). The
third fluid tested in this Task consisted of the blend of XRM-109F
plus 10% Kendex resin with enough (approximately 10%) Mobil
XRM-127B added to bring the bulk viscosity of this blend down to
approximately the viscosity of XRM-109F (442.6 c¢s @ 100°F). This

was done to insure that the good performance of the bdend tested
in Task II was due to the additive effect of the Kendex resin and

not to the (relatively small) bulk viscosity increase of the test
fluid,. — e

Mobil XRM-127B is a synthetic hydrocarbon of the same
chemical family as XRM-109F, but with a viscosity of 62.7 c¢s @
100°F.

IV, TEST RESULTS

The three nominal 50 hour tests conducted under Task III are
reported in chronological order. All testing was conducted in
increments of no more than 10 hours at specified conditions with
a cool down to a bearing outer ring temperature of 200°F before
restart of the next increment.

A Summary of these test results is presented in Enclosure
12. Enclosure 13 summarizes acid number and viscosity data for

these tests. Enclosure 14 tabulates test elements used in each
test. A summary of test parameters is presented in Appendix I.

1. Qualifying Test No. l-Mobil XRM-109F Plus 10% Kendex Resin

The first of two specified qualifying tests was run using
Mobil XRM-109F hydrocarbon plus 10% (by weight) of Kendex 0839
resin, a WB49 steel test bearing with an ion silver plated 4340
steel cage, and an oil seal with AM350 steel bellows, CcDJ83
carbon, and a chromium-carbide plated shoulder modified for oil

-6-
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cooling. An Inco 718 bellows air seal with CDJ83 carbon was used
for the first 31 hours of testing while a seal having AM350 steel
bellows and 56HT carbon was used for the last 1.3 hours. A
chromium-carbide plated air seal shoulder was used throughout.

This test was run for a total of 32.3 hours at 640° to 660°F
bearing outer ring temperature, which was accumulated in three
10-hour, one l-hour, and one l.3-hour increments. Oil inlet
temperature varied between 490° and 525°F. (An additional 5.6
hours was accumulated at outer ring temperatures between 600° and
640°F). The inner ring ran between the outer ring temperature
and 50°F above the outer ring. Some "I"™ housing heat and shaft
cooling was required at various points during the test. 0il flow
was varied between 0.8 and 2 gpm to control test bearing temper-
ature, with most of the test operating at 1.23 gpm.

The first thirty hours were run without incident with all
components performing flawlessly. The total seal leakage was in
the 1 to 3 scfm range, approximately split equally between both

test seals.

During the cool down after the third 10-hour increment, the
0il seal lifted off and the oil charge was lost. The o0il seal
could not be reseated without disassembling the rig. During
this disassembly it was noted that the 0il seal runner was being
grooved by the carbon and that the air seal carbon exposed to the
hot air was being eroded. The rig was re-started and ran for
l-hour at conditions before heater failures forced another shut
down and disassembly. During this time it was found that the air
seal carbon had eroded to the point where it was not considered
serviceable and it was replaced with a back-up seal with 56HT
carbon. The rig was assembled and re-started several more times
(with difficulty due to initial oil seal leakage) and an
additional 1.3-hours at test conditions accumulated before another
disassembly was required because the oil seal blew open and would
not seat. During this disassembly it was noted that the oil seal
shoulder showed signs of “"chatter" in the groove (0.002 to 0.003
inches deep) worn by the carbon. Because of the difficulty
experienced in obtaining the last few hours of running at test
conditions and because of the condition of the oil seal, the test
was terminated since it was not considered that the oil seal was
serviceable any longer. The test bearing was found to be in very
good condition with signs of very slight glazing in the ball
paths and light cage pocket wear. The air seal shoulder was in

good condition.
-7-
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The Mobil XRM-109F plus Kendex resin lubricant is considered
suitable for further, longer-term testing in this temperature
region. Enclosures 15 through 17 present photographs of test
elements from this run.

2. Baseline Test - Mobil Jet II Ester

An open atmosphere baseline test was run using Mobil Jet II
ester 0oil and an M50 steel bearing with an ion silver plated 4340
steel cage. A new oil seal with a carbon piston ring
secondary and CDJ83 primary carbon face and with a tungsten
carbide plated shoulder incorporating a hydrodynamic lift pad
design was used. The air seal had an AM350 steel bellows, S6HT
carbon face and a chromium-carbide plated shoulder.

The test was run at 500° to 535°F outer ring temperature for
a total of 50 hours which was accumulated in three 10-hour, one
9.6-hour, one 7.6-hour, one 2.5-hour and one l-hour increments,
as explained below. The oil inlet temperature ranged from 390°
to 420°F while the inner ring temperature was about the same as
the outer ring temperature to help control the outer ring. The
test oil flow was 2 gpm during the entire test.

During the lst hour of testing two shut downs occurred due
to shear pin breakage. After the second shut down the test.was
re-started with pins of a slightly different design (increased
shoulder radius and a slightly larger cross section) and continued
to run for 9.6-hours before a manual shut down was performed as a

result of an unusual noise coming from the test rig. The rig was
completely disassembled and the test bearing and the support
bearing examined. This examination showed nothing at fault and

the test was re-started and run for 10 hours without incident at
which time the rig was shut down for the weekend.

The test was re-started and run for 7.6 - hours when
a shear pin breakage again shut the test down. After a 25 minute
delay the test was re-started and the remaining 2.4-hours of the
10-hour period was completed. The remaining two 1O-hour periods
were run without incident.

During the first 3-hours of testing the total seal leakage
was about 10 scfm. During the remainder of the test the total

seal leakage was 3.8 to 6,8 scfm,

-8-
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Upon disassembly the test bearing was found to have some
slight surface distress on the inner and outer ring accompanied
by heavy ball contact in the cage pockets as well as evidence of
cage land contact on about 90° of the circumference, The oil left
some deposits on the bore of the test bearing housing. All seal-
ing elements were found to be in excellent condition with 0,003"
carbon wear on each seal, The shear pin breakage suggests higher
than normal power loss in this test, presumably from lubricant
shearing at the bearing or seal contacts and not bulk viscous
drag, since the bulk viscosity of this o0oil is not excessively
high. Enclosures 18 through 20 present photographs of test
elements from this run,.

3. Oualifying Test No. 2 - Mobil XRM-109F, XRM-127B, plus
10% Kendex 0839 Resin

The second specified qua11fy1ng test was run at 640° to 650°F
outer ring temperature with an inner ring temperature about equal
to or 10°F hotter than the outer ring. The o0il inlet temperature
was 500° to 520°F and the oil flow was 1.5 to 2,0 gpm,

The test ran a total of 50-hours in four 10-hour, one 6-hour,
and one 4-hour increment as will be explained, After starting
the test it took 2.7 hours to reach the desired outer ring temper-
ature of 650°F with 13 amps current drawing on both "I" housing
heaters. Before any appreciable time could be logged at test
condition one of the "I" housing heaters failed causing the outer
ring temperature to drop to 600°F necessitating a shut down to
replace the failed heater.

Because of the difficulty in reaching and maintaining test
conditions, additional insulation was obtained and wrapped around
the outside of the test rig housing. When the test was re-started
test conditions were reached within 1,1 hours and less than 5 amps
of "I" housing heat was required to maintain temperature. Three
10-hour periods were logged before the weekend shutdown. The
test was re-started and run for 6 hours. The nitrogen supply pipe
to the seal cavity broke causing a sudden decrease in seal cavity
pressure, The rig was shut down and the pipe repaired, The test
was restarted after a 7-hour delay and run for a 10-hour and 4-hour
period to time-up.

During the first 36 hours of testing prior to the breaking
of the nitrogen supply line the total seal leakage was 9.4 to 13.5

scfm, After the line breakage it increased to 19,5 to 29,8 scfm,
The mass spectrometer showed that during the first 36 hours most of

-9
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leakage was about evenly divided between the air and oil seals.

Upon disassembly the test bearing was found to be in very
good condition. Both the o0il and air seals were in good condition.
The o0il seal carbon wear was negligible while the air seal carbon
had worn 0.005;" probably as a result of the high pressure differ-
ential acting on this seal when the seal pressure was lost. The
shoulders of both seals were in good condition with some chatter
marks evident on the air seal shoulder.

Some 0il deposits were found in the bearing cavity and on the
unloaded half of the bearing inner ring. Photographs documenting
this test are presented in Enclosures 21 through 23,

V. DISCUSSION

1. Test Bearings

Since there is only one oil, Mobil XRM-177F, common to both
Phase I and Phase II testing, the comparison between the heat
generation of Series I design bearings, used in Phase I, and
Series II bearings, used in Phase II, will be examined when the
endurance test with this fluid is discussed in the Final Report.
Also, since most tests were successful in this Phase, as opposed
to numerous smearing failures encountered in Phase I, it is
rather difficult to compare the performance of the electroplated
M-1 steel cages with that of the ion silver plated 4340 cages
used in this phase. It does appear, however, based on the quantita-
tive results to date, that the fom plating is at least as good as
the electroplating. There is no discernible difference in cage
material performance in these tests.

2. Test Seals

It appears that by utilizing a face load (0.4 1bs,/in of
circumference) heavy enough to prevent lift-off in conjunction
with wear-resistant carbon and shoulder plating, leakage rates on
the order of 1 scfm for up to 32 hours can be achieved using ‘
bellows secondary oil seals, This is a decided improvement over
previous results and can probably be improved upon further by the
use of a harder shoulder plate since the present failure mode of
these seals is excessive wear of the shoulder plating., The most
promising oil seal tested is the piston ring secondary with a

-10~
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shoulder employing hydrodynamic 1ift pads, One of these seals has
been run for two 50-hour tests and is still considered serviceable,
although the minimum leakage rate obtained with this type of seal

is 3 to 5 times that seen with a properly functioning bellows

seal. It may be possible to combine certain features of the two
types and employ a bellows secondary with hydrodynamic 1ift shoulder
for reliable low-leakage performance in the future,

The bellows air seal remains essentially trouble-free. It is
thought that the erosion of the CDJ 83 carbon in the First Qualify-
ing Test which was of such magnitude that the inner wear pads were
completely removed and the sealing dam reduced to a knife-edge,
was caused by oxidation of the binder used when exposed to the hot
air for extended periods. (This seal was utilized for over 60
hours at various test conditions.)

A discussion of all seal experience and results to date is
presented in (6).

3. Viscosity Increase of Blend of Mobil XRM-109F, XRM-127B,
and Kendex Resin

Viscosity of this blend used in the second qualifying test
incressed by roughly 87% during the course of the 50 hour run.
This is very likely caused by distillation of light ends of the
XRM-127B at the test temperature, since the loss of this more
volatile material would lead to a rise of the viscosity in the
residue. Samples taken from the vent line indicated that oil
lost through this line was of a low viscosity. The combination
of bearing test chamber and vent pipe geometry does constitute
a crude fractional still so that part of the material volati-
lized from the bearing test chamber was returned to the chamber
by condensation through the vent pipe, but a large part of it
escaped. Since the XRM-127B is much lighter than the XRM-109F,
the proportion lost by distillation would be somewhat greater.

In addition, there are indications that some thermal degrada-
tion of the hydrocarbon material had occurred. This would lead
to formation of volatile products which would escape through
the vent pipe, while some of the residue would probably react
with other residues to form even more viscous materials. Some

-11~-
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evidence of this phenomenon was found in the mass spectra
scans which were taken on an earlier experiment with XRM-177F
and reported in (4). Up to the present, no mass scans have
been. made of the current mixture under test, but it is planned
to follow these effects during the next run.

Discussions of this point with the supplier of the XRM
materials has elicited agreement with the above mechanisms proposed
for the observed viscosity increase. It is to be noted also that
there has been no increase in acid number of the lubricants during
this test. Thus, a viscosity increase of the lubricant due to
oxidation was not likely.

4. Overall Outlook

Mobil Jet II ester performed adequately in open-atmosphere
testing for 50-hours at bearing temperatures in the 500° to 530°F
range. Evidence of slight surface distress of bearing ring
surfaces indicates however, that this lubricant is marginal for
long-term operation in this temperature region in the test rig used.

Mobil XRM-109F plus Kendex resin and Mobil XRM-109F plus
XRM-127B plus Kendex resin both performed well for 50 hours with
inert blanketing at temperatures in the 650°F region and are
considered suitable for longer term (endurance) testing at these
conditions. Because of the great increase in viscosity of the
blend containing Mobil XRM-127B and the relatively small bulk
viscosity increase of the Mobil XRM-109F plus Kendex resin over
Mobil XRM-177F, it is recommended that the XRM-109F plus resin fluid
blend be tested in the second 250-hour endurance run. Based on good
performance in other reported testing on this program, Mobil
XRM=-177F was chosen as the first endurance test fluid.

The program has progressed to the point where adequate

seals, lubricants, and test bearing specimens should permit re-
liable endurance type system testing.

typed: mlj

]2
RESEARCH LABORATORY GSKF INDUSTRIES, INC.
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Mobil XRAM-100F
and
Kendex 0839

*
Mobil Jet II

Mobil XRM-109F,
Mobil XRM-1278B &

Kendex 0839

* Open Atmosphere

Time at

Total Seal

Reason
0il Flow Test Conditions O0il Inlet Test Bearing Temp. °F Leakage Conditions at End of Test Period for Test Test Conclusion
Rate, gpm flours Temp. °F 0.R. I.R. Rate, scfm OIL Test Brg. Test Seals Termination & Recommendatian
1 10 490-500 640-645 Viscosity & Slight 0il Seal 0il seal Suitable for
1.25 10 490-500 640-650 : 2. acid no. up glazing shoulder lift-off further long term
1.25 10 500-515 630-660 670-680 1, slightly grooved 0il seal testing
1.25 E 500 635 635 .002-.003 shoulder
grooved
2 1 405 520 303 9.3-10.2 Viscosity & Slight All seal- Time-up Conditions con-
2 9.6 390-435 318-545 300-545 3.8-5.9 acid no. up surface ing elements sidered too
2 10 390-420 500 500 4.7-6.8 slightly distress in good severe for long
2 7.6 390-410 510-323 500-525 4.9-6.6 & heavy condition term operations
2 2.4 390-405 500-520 485-520 4.5-5.8 cage poc- in this system.
2 10 400-420 510-530 500-525 5.1-6.8 ket wear
2 i0 385-405 500-515 495-520 4.9-6.4
2 10 500-530 630-650 630-650 9.3-11.7 Viscosity Good 0il seal Time-up Suitable for
2 10 520-530 630-650 640-650 8.9-10.6 increased & shoulder further 1?ng
2 10 515-530 640-660 640-650 10.6-13.6 goed. Air term testing.
2 6 520 645-650 645-650 10.0-11.9 seal .005"
1.75 10 500-525 650660 635-660 23.0-30.0 wear and
1.75 4 505 650 650 19.2-22.5 signs of

chattering
on the air
shoulder.
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0il

Mobil 109F + 10%
by weight Kendex
0839

Mobil Jet II

Mobil 109F, Mobil 127B
+ 10% by weight
Kendex 0839

NEW DEGASSED

Visc. @ 100°F Cs/
Acid No.

550/0.05

28/0.1

465/0.1

USED

Vise. @ 100°F Cs/
Acid No.

1. 1 1/2 gals. of oil

were added at the

648/0.16
609/0.161

32/0.
31/0.
31/0.
33/0.
33/0.

W W NI

685/0.1
742/0.1
776/0.1
675/0.12
829/0.1
872/0.1

end of 20 hrs.

2. 2 1/2 gals. of 0il were added at the end of 30 hrs.

20
30

10
20
30
40
50

10
20
30

35:9

45.9
50

Condition
hrs. @ 630-650°F
hrs. @ 630-660°F
hrs., @ 510-545°F
hrs. @ 470-500°F
hrs. @ 500-515°F
hrs. @ 510-530°F
hrs. @ 500-530°F
hrs. @ 630-660°F
hrs. @ 630-650°F
hrs. @ 640-660°F
hrs. @ 640-650°F
hrs. @ 640-660°F
hrs. @ 650°F
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TEST BEARING CARBON PLATING CARBON PLATING
NO. LUBRICANT USED(1) <CAGE(2) MAT'L, DESIGN (3) MAT'L DESIGN (4) MAT'L., DESIGN(5) MAT'L DESIGN (6)
7 Mobil XRM-109F 267107 #10 cDJ83 700489 SN/10 Chrome 700488-10 SN/1 CDJ83 700405 SN/1  Chrome 700405-10 SN/1
+ 10% by weight Carbide Carbide

of Kendex 0839 .
56 HT 700397 SN/7

9 Mobil Jet IT 267109 217 cDJ83 101056B SN/1 Tungsten 101056 SN/1 56 HT 700397 SN/2 Chrome 700405-10 SN/1
Carbide Carbide

10 Mobil XRM-109F, 267110 26 cpJ83 101056B SN/1 Tungsten 101056 SN/1 56 HT 700397 SN/2 Chrome 700405-10 SN/1
Mobil 127B + 10% Carbide . Carbide

by weight of
Kendex 0839

AMOILVYMHOEVYT HDMVYISTI M

<]
2
(o]
o
o
tn %
[
,‘ 1) All bearings were WB49 steel (459980H) except the one in test 9 which was M-50 steel (4599816G). =
2) All cages were ion silver plated and were made of 4340 steel. 3
.q 3) 0il seal bellows were AM350 in test No. 7. Tests #9 and #10 piston-type 0il seal was used.
4) The 0il seal runner in test #9 and #10 were of a new hydrodynamic 1ift design.
5) The air seal bellows in Test #7 for the first 31.3 hours was an Inco 718. It was replaced by an AM350 steel bellows Loy
for remainder of test. Air seal bellows in test #9 and #10 were of AM350. o

6) The air seal runners used in these tests were Inco 718

SLSHAL IXI ¥SVI NI QASN SINAWAIS LSAL 40 NOLLVINGvVL

‘SHIYdLSNANI
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ENCLOSURE 15

INNER RACE, OUTER RACE, CAGE AND BALLS
AFTER 650°F MOBIL XRM-109F
AND 10% BY WEIGHT KENDEX 0839 QUALIFICATION TEST

RESEARCH LABORATORY

alkF INDUSTRIES,

I N C.




AL68TO074
ENCLOSURE 16

AIR SEAL, AIR SEAL RUNNER, OIL SEAL, AND OIL SEAL RUNNER
AFTER 650°F MOBIL XRM-109F AND
10% BY WEIGHT OF KENDEX 0839 QUALIFICATION TEST

RESEARCH LABORATORY SKF INDUSTRIES,

INC.




\ l AL68TO074
ENCLOSURE 17

‘ l ERODED AIR SEAL AFTER 650°F MOBIL XRM-109F
! AND 10% BY WEIGHT OF KENDEX 0839 QUALIFICATION TEST

\
\
\
\
\

RESEARCH LABORATORY SKF INDUSTRIES, INC.
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AL68TO74
ENCLOSURE 18

INNER RACE, OUTER RACE, CAGE AND BALLS AFTER
500°F MOBIL JET II OPEN ATMOSPHERE BASELINE TEST

RESEARCH LABORATORY 3SKF INDUSTRIES,

INC.
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AL68TO074
ENCLOSURE 19

AIR SEAL, AIR SEAL RUNNER, OIL SEAL AND OIL SEAL RUNNER

AFTER 500°F MOBIL JET II OPEN ATMOSPHERE BASELINE TEST

RESEARCH LABORATORY SKF INDUSTRIES,

INC.




ENCLOSURE 20

AL68TO074

BEARING HOUSING BORE AFTER 500°F
MOBIL JET II OPEN ATMOSPHERE BASELINE TEST

RESEARCH LABORATORY

akF

IN'BDIUISHTTF RINE S,

INC.
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ENCLOSURE 21

INNER RACE, OUTER RACE, CAGE AND BALLS AFTER 650°F MOBIL XRM-109F,
MOBIL XRM-127B AND 10% BY WEIGHT KENDEX 0839 QUALIFICATION TEST




AIR SEAL,

RUNNER AFTER 650°F MOBIL XRM-109F,

ENCLOSURE 22
AIR SEAL RUNNER,

0IL SEAL,

AL68TOT74

OIL SEAL

MOBIL XRM-127B

AND 10% BY WEIGHT KENDEX 0839 QUALIFICATION TEST

RESEARCH LABORATORY SKF

INDUSTRIES,

INC.




ENCLOSURE 23

AL68TOT74

BEARING HOUSING BORE AND TEST SHAFT
AFTER 650°F MOBIL XRM-109F, MOBIL XRM-127B
AND 10% BY WEIGHT KENDEX 0839 QUALIFICATION TEST

RESEARCH LABORATORY SKF

INDUSTRIES,

INC.
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APPENDIX I

AL68TOT74

SUMMARY DATA SHEETS FOR 50-HOUR TASK III TESTS

RESEARCH LABORATORY

akF

INDUSTRIES, INC.
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| test searing 4 26 7/07

oIL uste MaBLLXRM jo#f+ [00/o by WGT. KENDEX 0839 oare 3= 1-68
Rusning TIME, Hours 2.12.81 32 i 237 14215058 {bb |76 12 19.6 i/O'b_
Speeo, Rift 14 e S S L S AL S L L BT S .
< AR VamiroLd Fross, (pst) YA 1T lob 106 | 106 | 106 | /0L | 106 106 | /06 |
; BEARING CAVITY PRESS, ‘(PSl) L A A b 6 6-1 | 6-1 | 677 | ¢-1
| Sea caviTy Pasos, (vei) ST O b by b ponn fae [ L
§ Hot AR Frow {scem) 30! | - 33| 3 3k 36 2 b 36 3b
TzsT D1 Frow (crm) | & g) { ] | i I | [ ]
ToTaL SEAL LEAXAGE (8CFH) — ;<f § 286 [ AQ | — ot 2 2 2 r-
TesT DEARING QUTER Ring {©F) (n 40 !’: S A0 | (40 | G40 | L40 | L40 | Lo | (45 | (4SS
TesT BEARIuG ImuER Ring {OF) E A ::7, 'r\\\ b0 | LbO 660 650 (GLO| 660 | LLS | (bS5
ROLLER Bearing CUTER Ring (OF) S 5601 L g 625 | oS | too | §¢o | sVO #o5 195 491
O1v Seav Housing {OF) I: Q25 O R4S | 86S | 840 740 | 780 780 | 780 | 780
T 2R SEaL Housing (OF) 9, 455 N b BLS | 890 | 8850 7#0 | 925 | 950 | Fuo | 950
B TesT BEaring  Housing  (OF) B 1.0 ‘—(-: ' bio 30 | 560 | 420 | 4¥o m 490 igo '
Rouien sernis v () | 7 | 7051 b= | 0 | Gi0| w20l.570 | 500 | #90 | 490 | 4go |40 |
-~ AR SEAL BeLLows (©F) = 935 V) ‘iu 840! 890 | 830 | 7130 910! 930! 93 | 920
HoT Air InN ManisoLD (OF) (.’? —_ | v — — — — — — - —
01C laLer (oF) L | 500 500|510 | S0 | 476 | 60 |4%0 | s00| S00
0t QuTLeT (OF) ' 505 sS40 | 5385 | S20]| 570 | 470 | 460 | 410 | 470

T—MA\.FUNCTuoN OF I.R HIGH TEMPERRATURE
' SHUT DOWN

During the first test period the majority of the total seal leakage was
across the o0il seal.

The oxygen content in the test bearing chamber was 0.014-0.02%.

PLOLBOIV
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S A BE E Yl AN NN AR N O aBF BN Oy A B aE e By e
4

Test beArING 4 261107

611 useo MOBILXRMIOGE + 10 o/o BYWGT. KENDEX 0839 oATE 7-8/¢
Rusning TimE | Houmrs “.4, 1.9 3.1 lq,.s 4.b 15‘4_ ““4 ‘.1.4_ M 20 A ,ll-\ ; 31.7‘;
Speeo, R 14 | 1A LR LSRN L L e O B
AR MamiroLn Freas, (pst) job 18 te 1A 100 106 106 106 /06 lob | /06

: SeamiEe CAviTY Press. (psi) =11 L-1 b8 | B | 6B | (B | -8B | 6-8 | &-8 |6-8

g Sgat CaviTy Passs, (pst) it T 1 (i 1y 11 i 111 L 11

' ot Atr Frou {scrm) 36136 . {n 24 2% 24 44- | 44- | 40 | #O 40

! TesT Q1L Frow (o) \ | ﬁr: Z 28| 25| 1L.LS 125 | /25 | /25 | 125 | /. 257
Totan Seal Leaxace (SoF) 2 2 (:: ?_ @ 2.8 1 £ 4.8 1 A7 A5 | Rib | S
Tost Beanivg GuTen Rina (OF) 1 (40| 40 b E 50 | 650 (Z?SG 655 | 650 | #0630 | 650
TesT BEaning lungn Ring (9F) Leol 660 w (@] Led | L0 | LS5 (90 | (718 | 101 G710 | LIS
Rotien Bewrino Cutes o (°F)| 490 | 490 | 5 | 2 | 515 | 520 | See | 528! 528 | 525 | 520 | S0

[ O Sea Fous s (9F) 190 1101 < | 5 (690 15 | 1s| 760t Tbe | 770 | Tbo | 770

T i SeAL tousine (o) qys | 940 .. | 1320 | 970 | %60 | 45| 950| 950 | 945 | 950
» Test Beaniz  Housing  (OF) | 480 | 4¥0 | ~ ~ 430 | 480 | #8060 | 480 490 | 450 | 480 | ¥99

ROLLER BEARING nousIng {°F) HQ0 | 480 ‘5 ’V) 41Ss | 415 480 | 480 | S10 | /0 S | S/
AR SEAL BeLLows (OF) q3o QL6 F 'L“u g20 860 | €55 920 | 9.8 | 920 m 810
HOT AIR In ManiFoLD {OF) - - W v - — — — —_— ] I
OiL laeer (OF) Soo| goo | * 500 | 490 | 490 | 490] 490! Soo! 490 500
O1L OuTLET (OF) 470 | #70 H10 | 465 | 9701 470 | 470 | 480 | 470|475

L eno of FIRST TEST PERIOD

During the 2nd 10-hour test period the majority of the total seal leakage for the

first 5 hours was across the oil seal and approximately equal between the oil and
the air seal for the last 5 hours.

The oxygen content in the test bearing chamber was 0.015-0.054%.

PLOLBITV
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TesT gearInG #_26 7107

o1l UseoMOBIL XRMIOE: 10 ofe BY WGT. KENDER 0839 DATE 33/8— /2./68
Rumning Time | Hours 242 Q95 a5.2 | assiabal 212 (a8 | a8 T :L‘i_.?._i 302 | 3.2 %}(2.:1.
Speco, RFM 14 CERL L ML L SR L SR
AR MamiFoLD Fress. (psi) L /06 16b | ok | 0k | 10b ' lob | o6 | /06 /06
| BEARING CAVITY Press, {pst) -8 6 L G b é b 6 | b 6
2. SEAL CAVITY PREss, {(pst) 1% i I 1l 1 E 11 /] i 11
: Hot Alr FLOW {soF) 40 Ef.) S50 45 48 | 48 ‘\ 4§ 4 49 | 4§
" reer 0ve Frow (o) r2s] | > 125 | 125 jas |18 | = | 1285|128 (428 [425
‘ TotaL SEAL LEAXAGE (8cFr) a5 | o« 9_ 24 2.5 | & 2 w ?;'g 2 4] /.8 1.8
TeaT DEARING OuTen Ring (SF) § 40 ,q: - LS50 ! Lso| (50 Jgso :t) i LSe | 650 | 655 (L6o
Test dEaring inmer Rine (OF) | G 6O D’) 5 LBO | (B0 | 674 | 680 Lﬂg é 1o €10 | 610 | 680
RoLLer Bearing Cuter Rine (OF) 44820 | 1y g 565" 8¢0 | SBS| 665 g Wl sBS| 610 | 620 1620
. O1L SEaL Houstug (OF) 185 % \3 30| 840 | 230 | 835 ~ 220 gas | ga8 Ja0
& 21r SzaL Housing (OF) Q40 i . _ 1000 | 1000 | 70087 /010 | >~-di/005 | foeS 1/0/0 | /6/0
TesT Besmivg  Housing  (OF) | 480 Q N~ (151 690 | 610 L1718 9!.- ;:tj LS J,:Lo 10 | LS
ROLLER Bearing nousing (°F) 1 €00 ‘3 .Q LIS | 40| (40 | L4S EY (so | (50| 450 | é¥#0
- AR SEAL BeLLows (©F) qio0 2] | Ti 980 | Q90 | 495 | 9490 LZIL 980 | 980 | 985 | 936
HoT AIR IN MAniFoLD (OF) —_— ' - — - — § - - — -
CrL InLeT (OF) &00 515 | S00| 00| So0 ; &Soo | 500 | See | So0
01L QuTLET {OF) 465 500 | 490 | 490 | 445 | 48 | 485 500 { 490

L END OF SECOND TEST PERIOD

During the third 10-hour test period the majority of the total seal leakage
was across the oil-seal. '

The oxygen content in the test bearing chamber was 0.01%.
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rest peaning §_RG6 1107

ciL useo MABIL XRMIAEL 10 ofs BY WGT. KENDEX 0839 DATE 3//2- 24/67
RUs 50 T, Houns 33.2 1342 [349 1352 381 |39 [319 [412 | i
Speep, RFM 1+ i e [ |4 '
AIR ManiFoLp Preas, (pst) 106 | 106 | J0b ‘ {6b
; REARING CAVITY PRESS, .(931) A A 4 A
% SeaL CAVITY Press, (81) 1 [} ity 1 e
; HoT AR Frow {sceti) 49 | S | SO - }ﬂ 55 t
TesT 0L Frow {erm) L8 | LB | 125 o ‘% '—! [F X'y ‘Q‘
ToTal SEAL LEAXAGE (60FM) 1. Le | /9 iq 3 E 9 é‘
TesT Beantye Ouven Rina {OF) §65'0 650 |50 ;,—) =~ (\;; (?SS' =~
TEST DEaring inneER Riue (OF) (L1701 670! G110 1] Q Wl oSS &{#
RoLLen Bearing Cutez R1nG (OF)) £'S0 | £50 | &850 (Y_ % (A 530 W
O1L SearL Housiug (OF) a0l g0 | BIO | -- ‘\3 LYS K
'I—! Fir Szav tousine (OF) /7610 | JooS | 390 b_ et b: 935 1
N TesT BEarING  Housing  (OF) b¥0 | 480 | ¢SO 0 }\ O Ly Ly B
ROLLER BEARING rousinG {OF) G40 | ¢¥0 | w0 }\ n }\ SRO ut
- AIR SEAL BELLOWS (OF) 980 | 9801980 | 'LU %) 920 I~
HOT Atr N ManicoLD {©F) —— —_— ] — ~ s
0rL IaLer (OF) 500 | S00 | 500 00
01L CUTLET {©F) 480 | 480 | #80 475

L LoiL seaL LIFT oFF
TEST CONDITIONS

T HSG. HEATERS AND AIR SEAL REPLACED
END OF THIRD TEST PERIOD

PLOLGITV
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rest sraring 4 _2.6 7109

ore useo MOBIL JET I (OPEN ATMOSPHERE) e S/20-22/08
RunNing Timz | Hours 0.8 ‘.2 l~‘l &7 3.4- L}Z S.2.1 62 N2 82 |92 |00
i SPeED, RFM 14 4 14 | 4 14 14 14 14 114
5 AR HariFoLn fress, (rst) 106 A 106 job 1ol | 106 | 106 | /66 | 106 |
BeEArING CAVITY PreEss. (psy) G g_’ A L A _('E A A L A
§ SEaL CAVITY Press, (psi) 1] § i 11} 1 /! i, 1 7Y I
; loT At FLow (scrm) 50 - 40 | 42 | 53| 84 | 49 |49 | 49 | &2
TesT O1L FLow {crm) 2 % % 2 E 2. 2 2. 2. 2 2 2
ToTaL Seal LeEaxace (scFm) /0.2 \}) ; 93 E (L) 4, 4.8 | 53 | 42 | 59 |42 3.8
Test BEaring Guter Ring (%F) | S0 (}"; 0 520 'F') :::' 819 | 530 | 545 | 835 | 525 | 520 | slo
TesT BEARING 1mnER Rine (F) ! 500 | :Sﬁ; 505 (W b 500 5;‘25' 5¢5 [ 5285 | 845 | 5/0 500 |
RoLLer Bearing CuTer Ring (9F)] 4RQ & Il H‘l qas [\ of | yo5 | 445 | 455 | 425 | 410 | 405 | Hoo
01t SeaL Housiwg {OF) —_— 3 N L P S - - L —-— — - e
= *1R S2AL Housing (oF) 840| (N | 41810 o T! 800 | 245 | 930 | 8Lo | 845 | 850 | 970
o TesT BEarRING  Housing  (°F) | SO0 :'S ; Al 525 v 500 | 498 | 490 | #s0 3ﬂo 37161 386
ROLLER BEARING nous iNG {OF) $L5 ‘:: ur - 510 b 500 | 490 | 480 | 4/0 | 390 | 390 | 360
- AR SEAL BeLiows (©OF) — : — - — — — — — o
Hor AR In MAaniFoLo (OF) [200 = 1160 1060 | \Do | 1160 {1150 | HISO | 1160 | /80
OIL INLET (OF) 410 | 17 400 $00 | 420 | 435 | 420 | /0 | 400 | 390
01L QuTLET (OF) 435 415 46 | 430 440 | 418 | “oo| 400 | 390
L _ | L TEST CONDITIONS

7LOLG9'TV
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| rest searing §_267 109

oit useo _MOBIL JETTIT (OPEN ATMOSPHERE) e S/22-24/¢8
RUNNING Timg | Houms .2 12.2.1 13.2 13.8 1 14.6 156 | 76.8 1 176 78.C /916 »20.8 3’21.1
SPEED, RFH 14 14 |4 19 | 1 L 4 I IY L 1g 0
AR FamiroLo Faess, (pst) 106 [t | /106 166 106 | 106 | /06 | /06 | /46 106 _ 166
BEARING CAVITY PRESS. .(PSl) b A A A A A é A A A L
l; Seal CaviTy Priss, (psi) i i i 1! 7 /1 77; Y774 V274 /1 1!
Z loT Atk Frow (scFm) 52 | 52 | 82 1L 35 48! 48! 46|55 | 52|52 |52
3 Test 01L Frou {orm) 2 2 2. & ya 2. 2 2. 2. 2 2 2
‘: ToTaL SEAL LEsxacE (30F) 46 | 59 | 5.5 S q9 | — Sol| 47| s0!S.0] 49 ! Gb
TesT BEARING CGUTER Ring (©F) &0 | 820 | 520 ;f) nl S00 [ 520 #7¢ 500 | 500 500 | S0e | S00
TesT BEaring limen Ring (°F) Slo | 5in | 510 ’L\Li ; 490 J 520 480 500 | SO sba Sco | S00
RoLLer Besring Cuten Rine (OF)) oo | <00 | 410 B = 420 410 390 | 420 420 | 42.0| 420 420
Ci1L SeaL Housinc (OF) e - —_ | g — —— — — — s . —
o 1 Seat fousig (o) 360 | 960 | 770 |0 | 780 | 925 | 860 | 955 | g55| 855 955 | 810
o Test Besrine  Housing  (oF) | 380 | 386 | 380 }— v HA5 | 4q8 | 485 | 490 | 490 466 | s00 | S05
Rouien Beaning novsing (9F) | B4 | 366 | 380 | L] 495 | 495 485 | 440 | 490 490|490 | 490
-~ AIR SEAL BeLiows {©F) - — — - — — p— — — — -
Hot Atm v Manicoro (F)  L1ige | nge | 1190 1020|/080 | /090 | /160 | 420 (1120 | 120 | 15O
it INLET {OF) 390 390 | 390 490 [ 420 | 390 | 390 390 {390 {390 | 390
O1L OuTLET {°F) 390} 390 400 400 | 430 | 390 | #00 | #0& | o8| 4/0 | #00

f—f-'l"E.'S'l' CONDITIONS

VL0LB9TV
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rest seaning # 267109

oL uszo MOBIL SET IL (6PEN KYMOSPHERE) owrz Sf24- 27 [¢8
Ruswing Timz | Houms 22.6] 237 [ayy 24,6853 QW63 | 273 283 293 1303 | 2.3 _LB;M‘
| Seeeo, RP S L DL ¢ LS. S L SR K 20O 0T e S
AR FaitiroLn Fress, {psi) 10 | 10b | 10b 1ol | 166 | 10L |06 106 | t0G 166 | /04
! SEARING CAVITY PRess. (ps1) b ¢ (A A A é A A 6 é é
§ SEaL CAVITY Prrss. (pst) 1 1t /" i il i i i i
i HoT Atw FLow (scrm) S$2 52 |52 | Q 50 e Qb A A N AV AR VA
TesT 01 Frow (arm) 2. 4 2. ¥ :\: Z 2 2. 2 2. 2 2. 2
! ToTaL SerL Lzaxace (SoFn) 1 6.8 | &4 | 4.6 gﬁ - 49 5T S8 6.6 | ST 57 5/
Tret BeEanins Gutenr Ring {°F) 500 | S0 | S5060 E: ~ S0 | SR8 80| 820 | S20 | s S5/5 | S785
Tzst BEantug inner Ring (°F) ! 8500 | Sc6 | S00 :l; ; 500 | 825 5}20 Sa0!520 S28 | 5/5 | 5/8
RoLLEr BEaPivg CuTEs Ring (OF) 42,0 | #40 |40 (v . 430 | 450 [ 440 | 440 | 4S5 ‘_‘50 430 | 420
Gru Seat Housiwg {oF) — - — | N - — o — e e — | —
- 13 Sea tous o (oF) gio | g70 | 870 |- 1785 | 850 | 870 | 380 | 890 | 920 | 920 | 920
Ll Test Bearire  Housine  (oF) | 560 | 00 | 500 1:1‘3 500 | 495 | 458 | 4985 | 40 #90 | — -
‘ ROLLER BEARING nousing (OF) H4q0 | 490 | Soo ]‘\l HG0 | #90 | +#95 495 | 4%0 49 | — —
-~ AIR SEAL BeLiows {OF) — —_— — V)g — — — — — —t — —
HoT AIR In MAniFoLo (oF) IS0 | /50 | Uso \y | /S0 | /10 | /130 | 430 | /140112001170 |00
OiL INLET (OF) 390 | 390, 3% 390 (420 | /0 | #10 | 4/0 | 4/0 (4o | 410
OrL QuTiey (OF) H#oo0 | 400 390 — — — — — — —

’_;’TEST CONDITIONS

VL0L89TV
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TEST BEARING # 267,Oq

oL useo MoBIL SET TT (OPEN ATMOSPHERE) DATE_M___Z___S -25/¢8
Running Tive, Fours 3291323 {33.9 [349 [35.3 | 35.4]357 1367 1377 1327 139.1 ‘5‘0-7
Speen, RPN R m 1% 1o+ ™ 4 {1t 1+
AR HaniFolp Fpess, (rst) 133 106 [0k | /106 106 106 | 106 | /06 /706 | 104
! 3eanring CAvITY Press. (psy) & A A L b A é A A A
2 SeaL Cavity Friss, (ps1) 1} 1l I 18! 11 i Ll 1 L 1
‘ ot Atn Frow {scrm) 5S4 S0 | So 49 i 45 | So S0 “g 48 | 48
TesT O1L FLow (o) L 2 12 |2 | 2 ol 2 |2 |2 |2 |2 |2
ToTaL SEAL LEsacE (SoFm) ?Qf ol s 921531 5] ": g 55 | 585 | — 6.5 | 6.8 | 6.
Tcst Boarine Cuter Ring {OF) g ':Z: S8 | SL | 50% ! S2O %Q S/5 S/ | 520 8285 S38 525
TesT BeEantug lnner Ring (7F) (W) 2| 488 | S8 | V9 S20 :_L_ W 5"00 570 820 | 525 | 825 | 8S25
AoLLER Bearing CuTEr Rinc (OF) au: o/ “"0 420 4400 1{20 E/) h Y40 420 | 43§ 440 4‘)‘5’ t,“/.o
01t Sear Housiwg (OF) $ -— e — o é_‘ - - - -— - —
" S1R SZAL Housiag (OF) N E 749 | ggo | 86 | 980 Wl 760 | 860 | 860 | 865 | 9o | 860
*® Test BEarirg  Housing  {OF) ?p 2 380 | 370 | 376 | 3% Q. o §4/8 | 420 | 470 6490 485 | 485
ROLLER BEARING roUS ING {OF) {,\, Ags | 390 | #s | o5 pQ Y415\ 410 | 45| 475 | 475 | 465
-~ AIrR SEAL Bertows {(OF) — - - - — h‘f‘ — — — — — —
HoT AtR i Manicouo (oF) | soo | uso | 170 | )45 1630 1 lto i1l | nio e [ iNS |
O1L INueT (°F) 3901 395 | 295 | 05 41S | Yoo | 410 | 410 (445 (410
01w QuTLeT (O°F) — — — — — - — — — —
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rest searine 4_Bb 1109

oL usso MOBIL JSET L (OPEN ATMOSPHERE) DATE 5[28-29!42
Rusning TimMe, Hours 1.8 428 438 44814581466 | 4724 419 4483| 493 | 50.3151.3
| seeco, e i s [ s | g | s % | 4 14 1y
. AR HaniFoLd Fress, (psi) [0 | /06 | /06| /06 1061 166 [06] (06| ML : /06
! SEARING CAVITY PRESS, {Pst) b A 6 A N6 ¢ - A 1A A A
g SeaL CAVITY Priss, (psi) M 11 /11 11 Qi Nt 11 3 111 1l i1 TR
: jloT Alr Frow {scrm) 48 | 48 48 | @8 Q2 4y 4g 8 44 48 | 45 | 44
i TesT O1L Frow {orm) Z 2. 2. 2. L E 2 2 ;__ L 2 2 2 2
‘ ToraL SeaL LEAKAGE (SoFm) B) 1852 2. ! .85 ‘Q.L 6.2 | 6.9 & i 4.Q | sS4 | 5/ | sS4
. Test BEaming Outenr Ring (OF) 1520 | 820 520 285 .Q S20 | 530 g “ 575 | 5/2 | Soo | 500
Test Bearing lunen Riue (F) 1 8260 | S20 | 520 | 825 b\ ‘i‘: Lo 5‘”25- SJ& S0 | 520 S/0 | S0
RoLLer Bearing CuTer Rune (OF)| 4§ | 440 | 440 | 450 u} t U4ze | ¢4s0 | Q| 430 | Y30 | #4#0 | #20
O1L Seal Houstug (OF) — — — —— W E‘E — — ‘6{ — " p— ~— —
’1"' A1 Szal Housine (0F) 685 | 865 g‘a gé0 | -- A 35‘5' 4 ) - ‘u¥j 860 | 870 75 | ¥70
© TesT BEarive  Housing  (OF) | #70 | 45| 425 | 00 ‘}LQ 430 | 490 ‘a % 490 | 430 | 485 | 4eo
ROLLER BEARING nousiING (OF) :.tgo Y5 470 ﬁo !:.' E “+30 #30 b-‘ '0. 480 | 440 475 450
< AtR SEAL Berrows (OF) - — -— — vroo — i — — ——
HOT MR In tAxisoLo (OF) o | 1o | nie | His N30 | o u4S | 1150 | 1146 | 1150
O1L INLET (OF) YIS | 415 | “4/0 | 420 4o | 428 Yoo| 405 | 390 | 380
01L OUTLET {°F) —— — — — — . — — — —
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TesT BEarING §__ R 67109

oit useo MoBIL JETT (0PEN ATMOSPHERE)

VDATE__A_Z_Z__; 9/é

Ruaning Time, Hours 523 | 533 | 54.3 | S53 559 56‘5'
Speep, RFM l|+ 4 4 14 144

Atn Mamtrop Press, {pst) [ob | 1D L | 0L felbi job i O
LeAritG CAVITY PRESS. (psi) A G b [ /A w
SEAL CAVITY Priss, (rsi) 1l it 111 Iy it l"‘
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TesT 01U FLow (are) 2 z 2 2. 2 S'__
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Oiv Sear Housiug (OF) - -~ - - e f_nk
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TEST BEARING § 267110 |
o1t useo MOBIL XRM (09F, MOBIL XRM 121 B + /0 wbBY WET. KENOEXK 0GRS oic _6/r4/68

Rusnine TiMe | Houms /5.6 1 6.6 7.7 1/8.7 | 7197 (207 2/.7 22.7 23712471257 12.6.6
g Sreeo, RIM IR L SR SEAVL S WL SR S L L B |_1¢
: AR MauiFoLp Press, (pst1) 106 | 106 | 106 1061706 | 10! 106 10l ]| 106 | 106 104
i BEARING CAVITY PRESS, (Pst) =7 | -7 1 (=7 | =T | 6-1 b-T | =1 | (-7 | L=-T | 61 AL
: SeaL CaviTy Priss, (pst) 1i i 1 P 1 t1} Hi (TN it i1 A 127
' Lot Ais Frow [sorpi) 40 <0 40 40 40 48 | +8 48 «+g | 4& Ql 46
, TesT 01t Frow {oiM) 2 2 2. 2. 2 2 2. 2. 2 2. ‘Li 2
; Totar SeaL LEsRAGE {BCF) /02 1 4% | 99 | 4.3 89 | /06 i1066) 95 |06 | fo.% T Wi /2.%
Test DEantnc (uTer Riug {5F) b40 | 4SO | (45 | 45 | (30 | L40 | (40 C¥0 | L4t0 | Luto 1';} RS L0
Test BEaning imueEr Riue (77) (20 | 45 648 | LSO L0 | 640 6.50 80 | 640 (440 | \y ~ 630
ROLLER BEaring CUTER Rine (OF)) S5#bs | SUE” | S6S” | S¢S | S855 | 560 | Sow! S6o0 | S60 | So X g.lr 530
Cit Sear Housing (oF) —_— _— — — —_— -— — — — —_— I X R
i
v 1 Sea bous i (oF) 950 | 970 1975 | 975°| 815 | 990 | 9901935 | 996 | 995 |% u| S
o Test sewive bovsing (oF) | G20 | 1S | IS | 705 | 200 | 700 | 708 (705 | 705 | 90 [N | 6RO
ROLLER BEARING ruusinG (OF) t20 | — - —— -_— — —_— _— = — 1N g —
- AIR SEAL BeLlows {°F) 170 | 00 | goo | oo Foo | 8i5 (920 | 2.0 |20 | 220 790
HOT AIR In MANiFOLD {OF) Ngo 11190 | 1190 | 1190 | 1190 | 1200|1200 | /200 | 1200 1200 1190
1L InLeT (OF) S36 [S30 1530 | 530 | 530 [ 825 |S20 |S20 (520 |820 Y
01 QurLet {oF) 520 [ 560 | 550 [8555 |S535 | 548 | SHS | S#S | SHS | SHS 520
L . TEST CONDITIONS = 1

The majority of the total seal leakage was across the o0il seal.

The oxygeﬁ content in the test bearing chamber was 0.011%.
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7est aearing § 261110 , .
oiL useo PMOBIL, WAMI09F, MOBIL XRM 1218 + 10 ok BY WGT. kaNOEX 08239 DATE 6/:4— 17|68

Rumning Time, Hours 276 128.6 129.6 LY. WA 3,7,(, 326 133.6 3446 [35.6 |36.6 {36 37.5"(
p Sreeo, R L IRL S T S BT S A S AN LS AN L SN AL L T |14
A1n HaniFoup Fress, (psi) 106 o6 | 166 | 104 106 | 10b | /0L | /06 | /06 /106 - 16
! Zeanrinc CaviTY Press, (rsi) -1 ¢ b-1 | 6= =711 6=7 | L~ | L-1 6-1 =1 4-7
| Sea CaviTy Passs. (esi) 1 i 1] I T i 11 1 11 1] I
! YoT AR FLow (scrm) Y6 | 44 ) =6 46 | 4b (46 | 42 |44 | 45 SZ
H Test Ol Frow {crm) 2 2 2 2 2 2 2 2 . 2 l-g 2.
TovaL SEAL Leaxane (sorm) 2.8 | H.& | 186 1.8 0.8 | 12.8 | 13.6 | 0.6 | 111 12.3 Qf g5
Tesy Bearing OUTER Ring {9F) G40 | bHs | L0 | LYY | LSO | LSS 4‘50 L850 | LS50 Lbo ?I: L40

o
Q.
Tosy pEarizg b Riue (9F) G40 | b20]| 630 | L4 | LS6 | L¥D | Lo | 680 | LSS | LB [N | (20
RoLLEr BEarine fuTes Rine (OF) £°670 | S50 | 550 SSo | S0 | 555 | Sio | S40 | su0 | S0 g:/ “3 Y
CiL SzaL Houstng (OF) ar e — — - - - -— -— o | S T,
— 17 SeaL Hou e (9F) 85 1970 | 970 {97 | 980 | 984|915 | 970 | 470 | 830 i -- wl/eso ]
> Test 3zanine Housine  (oF) {490 | Ao | 699|696 | 100 | 700 205 | 7/0 | 700 | U | g OlL8S |
@ RoLiER Bearing rousing (OF) | 560 | 870 | S70 | S¢S | S¥0 | SL0 | Sso0| SéS| S7v | Séo ~ als¥o
AR SEAL BeLiows (OF) g60 |79 7190 | 790 | 790 | 790 | 7190 | 780 | 190 | 470 ) | P40
HOT A1R In FANifoLD (OF) 1210|1200 | 1190 | 1200 | 1200 | i2e8 | 1200 | n60 |/300e | /S0 200
1L acer (9F) SiS (520 |520 | S20 | 5257520 | S520| 520 S30! 530 $§20
DIL OuTLET {OF) S40 | S40 (540 | SHo | SHST|SY0 | SUS|SHS (s50 [ £50 S30

The majority of the total seal leakage was across the oil seal.

The oxygen content in the test bearing chamber was 0.011%.
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TesT Bearing §_ 261110

OIL USED MOB;LL&Q;&E&BIL&M 1218 4~ (0 o/o BY WET kENDEX 0831 7 DATE 6//7—/8/‘9’

Running TimMe | HOURS 38.5 39.5 | 40.5 | 41§ ,,n‘;} H'sq 43.81 4.9 ‘-fS'ﬁ 4684 418 | 488
SPeeD, RFM )% L Y% I I 5 1% | o 14 LR
AIR Hantroup Press, (pst) 106 Job | /ot lob | /06 106 | 106 06 | 106 | 106 206
BEARIKG CAVITY PRESS, (psi) ‘.1 4=1 =1 -1 -1 (| ¢-1 -1 ¢-1 6-1 ¢-1
SEAL CAVITY PRESS, (pei) 1 1 Nl h 1| 1 1 i Iy 11
HoT Alg Frow (scFm) IR A 4L 4L |46 Y5 | 45 | 45 | 485 | 45| 45
Test 0L Frow {cri) 2 2 2 2 2 L 2 1151 138 | 1as 118 | 118
TotaL SerL LEARAGE (BcFi) 1.9 1.9 70.6 | /4 /0 Y] 23 24 | 23 1 23 3 | 3o
Test Bearine Outen Rine (F) { L8 | 650 | (S0 | 650 | 650 :§ W| 50| LLD| LS| LSO | bS8 640 |
Toot RDeanine itner Rine (OF) [ (b8 | 680 | $56 S0 1650 1) 3 Z‘H) 4o | L3S | L3S 44 | b40
RoLLEr Bearing CuTer Rinc (OF)} £85°0 | S50 | S50 | B85 | 550 g 43 5,5 550! 570 | 45,555 | 540
GiL Sear Housing (OF) - -— - - — | ] - — — ] - -— —
‘T in Szab Housing (OF) /J000 | 995 | Joo0 | l0OO | foOO - < 270 | 910 G185 9/4_ 925 | o5
: TesT BeEarirc  Housing  (OoF) | &4 L&S | P00 | LT0 é’b Q z 600 | L20 | LBD 'bto 620} 6/0
ROLLER Bearing rousing (OF) | 860 | S¢S | S65 | S¢S | S5 [? M| 530 | 590 | bio | $90! eo0 | S30
© AIR SEAL Beriows (OF) 81s | &lo WAL 8/s | 8lo 4 QUL 6S0 | 6L8S (705 | L90 | 78S 680
HOT AIR in MANifoLD (OF) l2oe | |200 | |200 | (200|206 (10 ] 1130 | 11706 | li7e ﬂ‘ HI0 { h30 |
GiL Incer (°F) 520|520 15201520 |29 S14 | S¢0 | S1S | S2851SLS | Seo
Or QuTLer (oF) SHo | SH0 | SHo | SHo | SHO 490 | Sip [Sys | 525 | S35 (S5

L wrEST CONDITIONS
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