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SUMMARY

Presented in this report are the results of pre-endurance
and environmental endurance testing of the LM-726-1
elastomeric pitch change bearing designed for the all-
elastomeric rotor in the AH-1G helicopter. Testing was
conducted to form a basis for determining the airworthiness
of the bearing in terms of expected reliability and
inspection and replacement critesia.

Pre-endurance testing was intended to establish the
bearings' performance characteristics and suitability

for environmental endurance testing. Torsional, axial,

and radial load-deflection curves are presented. The
results of an axial repeated load test are discussed, and
data from a limited experimental stress analysis is
presented. Pre-endurance testing showed the LM~-726-1
bearing to be suitable for environmental endurance testing.

Environmental endurance testing was conducted on six
LM=-726-1 bearings in a specially designed fatigue test
machine. Three pairs of samples were subjected to the
loads and motions expected in service as determined by
the AH-1G flight test program coiiducted on a conventional
rotor and on a prototype all-elastomeric rotor. Two of
the three bearing pairs were exposed to environments
typical of helicopter service conditions. The remaining
set was exposed to the load/motion spectrum under room
temperature laboratory conditions to provide a basis for
comparison. Periodic inspections of the bearings'
performance characteristics were conducted as a monitor
of their condition.

The environmental endurance test procedure is briefly
discussed, and results are presented in detail. All of
the samples were tested to failure, and the modes of
failure are discussed. A reliability analysis indicating
a B-10 life of 812 hours using the Weibull analysis
technigue is presented. Recommendations are made for
inspection and replacement of elastomeric bearings based
on the tests conducted. The testing has shown the need
for additional efforts toward qualifying the LM-726

type bearing, and recommendations for these efforts are
presented.
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FOREWORD

This report contains the results of testing performed by
Lord Kinematics under Eustis Directorate, U.S. Army Air
Mobility Research and Development Laboratory (USAAMRDL)
Contract DAAJ02-71-C-0044 (Task 1F163204DB38).

The contracted work was conducted under the technical
cognizance of Mr. John Sobczak of the Eustis Directorate,
USAAMRDL. Principal Lord personnel involved in the
program wers Messrs. J. Gorndt, J. Grantham, D. Myers,
and J. Potter. 1In addition, technical assistance was
received from Messrs. W. Cresap and C. Fagan of

Bell Helicopter Company.
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INTRODUCTION

Elastomeric bearings e aploy a "high capacity" concept
which allows accommor .tion of oscillatory motions through
shear of the elastomer while zarrying relatively high
steady and oscillatory loads through compression of the
clastomer, Alternate layers of elastomer and metal shims
which are thin in relation to the overall stack height
of the flexing element are desivned to accommodate
different combinations of loads and motions. Proper
selection of elastomer layer thickness and geometries
will result in a part which is capable of replacing con-
ventional rolling element bearings in a number of applica-
tions., The majority of these applications to date have
been in helicopter rotor systenms.

Elastomeric bearings offer a number of advantages when
compared to conventional bearings. The need for lubrica-
tion is eliminated, and rotor system maintenance is greatly
reduced, Flight evaluations of elastomeric bearings con-
ducted to date have resulted in bearing fatique lives

well in excess of that previously achieved with other
types of bearings. Greater reliability wiil greatly cur-
tail unscheduled maintenance by reducing the number of
premature bearing failures.

The LM-726-1 bearing is a conical configuration
specifically designed to carry the blade centrifugal

force load along the cone axis and radial loads resulting
from blade moments perpendicular to the cone axis. Pitch
change motion, steady and oscillatory, is accommodated
through torsional shear of the elastomer about the cone
axis., The LM-726-1 was specifically designed for the load,
motion, and life requirements of the Bell Helicopter Model
540 Rotor System,

A limited laboratory and flight test evaluation jointly
conducted in late 1970 and earliy 1971 by Bell Helicopter
Company and Lord Manufacturing Company, under USAAVLABS
sponsorship, demonstrated the feasibility of the LM-726-1
bearing for use in the above-mentioned rotor system. The
results of this testing are contained in USAAVLABS
Technical Report 71-16.*

*Fagan, C, H., FLIGHT EVALUATION OF ELASTOMERIC BEARINGS IN AN AH-l
HELICOPTER MAIN ROTOR, USAAVLABS Technical Report 71-16, Eustis
Directorate, U. S. Army Air Mobility Research and Development Lab-
oratory, Fort Eustis, Virginia, March 1971, AD 725595.



Additional laboratory fatigue testing of the LM-726-1
was re:ommended as the fastest and least expensive means
of determining its expected service life. Loads and
motions were selected based on in-flight measurements
on the standard and on the prototype Model 540 All-
Elastomeric Rotor System. Environmental conditions --
typi 11 of those expected in service were selected and
imposed on the bearings simultaneous with the fatigue
conditions. This test was intended to establish bearing
life as well as to generate inspection and replacement
guidelines.

The endurance test followed preliminary pre-endurance
testing and intended to establish bearing performance
characteristics and to verify the bearings' suitability
fcr continued testing. An axial fatigue test was
included as a portion of the pre-endurance test in order
to evaluate a new outer housing design incorporated as

a result of previously conducted tests.



TEST SAMPLES

Fifteen LM-726-1 bearings were manufactured and allocated
as shown in Table I. After serialization, static
torsional and axial load-deflection tests were performed
on each sample individually. The results are summarized
in Table II. The nominal axial deflection at 56,000 1lb
axial load was .100 inch with a total variation of

+ ,003 or 3%. The nominal torque required to achieve

a 15-degree windup was 2150 in.-lb, with a variation of
+ 100 in.-1b or 4.6%. A greater variadtion in spring
rate characteristics could be expected from two separate
lots of bearings. All samples were inspected for
compliance with Lord drawing LM-726-1, Rev., H., prior to
any testing. This drawing is contained in Test Plan
8B035 of the appendix.

TABLE I. DISPOSITION OF TEST SAMPLES

Bearing Test
Serial Sample
Number Number Disposition of Bearing
001 1 Endurance Test Bearing
002 2 Endurance Test Bearing
004 3 Endurance Test Bearing
005 4 Endurance Test Bearing
006 5 Endurance Test Bearing
007 6 Endurance Test Bearing
003 7 Pre-Endurance Test Bearing
008 8 Pre~Endurance Test Bearing
014 9 Pre-Endurance Test Bearing
009 10 Deliver to Government
010 11 Deliver to Government
011 12 Deliver to Government
012 13 Deliver to Government
013 14 Spare Bearing
015 15 Spare Bearing




TABLE II.

AXIAL AND TORSIONAL SPRING RATES

Axial Torque at Torsional

Bearing Test Axial Def. Spring 15° Tors. Spring
Serial  Sanwule at 56K CF Rate Windup Rate
Number  Number (in.) (1b/in.) (in.-1B (in.-1b/deg)
001 1! .099 565,000 2250 150

002 2 .098 571,000 2200 147

004 3 .103 543,000 2125 142

005 4 .102 549,000 2175 145

006 5 .102 549,000 2150 143

007 6 s L@ 554,000 2175 25

003 7 .099 565,000 2050 137

008 8 .098 571,000 2100 140

014 9 .101 554,000 2175 145

009 10 .097 577,000 2175 145

010 11 .098 571,000 2200 147

011 12 .100 560,000 2175 145

012 13 .099 565,000 2200 147

013 14 .103 543,000 2150 143

015 15 .101 554,000 2150 143




PRE-ENDURANCE TESTING

INTRODUCTION

Pre-endurance testing was conducted to verify the LM-726-1
bearings' predicted performance and suitability for
environmental endurance testing and to evaluate the
strength of the metal componentS. The stiffness of the
outer housing was of particular interest. It had been
redesigned to reduce ovalling observed in previous tests
during the application of the centrifugal force. The
ovalling results from the stiffness added to the outer
housing by the lug attachment provisions. Improved
fatigue life resulting from ~ mmore even distribution of
the compression stress on the elastomer was the goal of
the housing modification.

PRE-ENDURANCE SPRING RATE TESTS

Individual axial and torsional load-deflection tests on
test samples 7, 8, and 9 were performed. Table II contains
the secant axial and torsional spring rates. Figures 1
and 2 are the load-deflection curves of test sample 7 in
the axial and torsional directions, respectively., These
curves are typical of all fifteen test samples. Figures

3 and 4 1illustrate the individual axial and torsional
load-deflection fixtures. Test samples 7 and 8 were
installed in the radial load-deflection fixture and

loaded in parallel with the normal centrifugal force of
56,000 pounds applied. Tests were performed in the blade
chordwise and beamwise directicns with the results con-
tained in Figure 5 ., Figure 6 1illustrates the test
sample pair installed in the test fixture prior to the
chordwise radial load-deflection test. The test fixture

is shown installed in the universal test machine in Figure 7,

The test frame containing test samples 7 and 8 was
installed in a torsional test machine with links attached
to the center block for applying pitch motion. The test
fixture is shown in Figure 8 . Torsional load-deflection
tests on the bearing pair with centrifugal forces of 0,
56,000 pounds, and 84,000 pounds were performed, and the
results shown in Figures 9, 10, and 11.
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Figure 3. Static Axial Load Deflection
Fixture.

Figure 4. Static Torsional Load Deflection
Fixture.
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Figure 6.

Radial Load Deflection Fixture
Prior to Chordwise Radial Test.

Radial Load Deflection Fixture
Installed in Universal Test
Machine.
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PRE-ENDURANCE AXIAL FATIGUE

Axial fatigue testing was performed on test samples 7 and
8 while installed in the fixture of Figure 8 as a means
of verifying the bearings' predicted performance and
suitability for further testing. A hydraulic cylinder
was built into the test frame for application of a
repeated axial load of 0 pounds to 84,000 pounds at
approximately l1 cycles per minute. Dial indicators

were used to monitor the axial deflection of each bearing
throughout the test. The fixture was desigred to allow
the performance of torsional load-~deflection tests on the
bearing pair with various centrifugal force loads applied.
A total of 5,000 cycles of loading to 84,000 pounds,
represcnting one and one-half times the normal centrifugal
force, was applied.

Table III contains the axial deflection data taken at
1,000 cycle intervals throughout the test. 1In addition,
the appearance of the test samples is described. The
torsional spring rates of the test samples through the
endurance test are shown in Table IV. The spring rate
values are the measured values of the sample pair divided
by two to give a sample average,

At the conclusion of the axial fatigue test, the chord-
wise radial spring rate of the bearing pair was measured
and the results are shown on Figure 12 . Figure 13 con-
tains the axial spring cate of test sample 8 as a new
sample and after 5,000 cycles of axial loading. Figure 14
shows test sample 8 at the completion of 5,000 cycles of
repeated axial loading. This view of the large end of
the sample shows the extrusion and abrasion at the outer-
most elastomer layers which was typical of both bearings.
The deterioration is most severe directly opposite the
attaching lugs, althouyh some abrasion is evident over
the entire circumference.

Figure 15 is a view of the small end of test sample 8.
Deterioration of this portion of the bearing is similar
in nature to that of the large end. Test sample 8 with
an 84,000-pound axial load imposed while installed in
the test fixture at the completion of 5,000 cycles is
shown in Figure 16 .
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TABLE III.

AXIAL FATIGUE

TEST RESULTS

I

Number of
Cycles to
84000 1b

Deflection

of T.S.
(in.)

7

(in.)

Deflection
of T.S.

8

Remarks on
Bearing Condition

1000

2000

3000

4000

5000

.128

.130

133

137

.142

.147

«139

.142

.145

« 1:418

al55

.162

New samples.

Both samples beginning
to extrude elastomer

in outer four sections
opposite ears on housing.

Extrusion of outer
five sections opposite
ears.

Extrusion of elastomer
continuing. Second
section from outside
appears worst.

Extrusion of elastomer
in outer seven sections.
Full circumference of
outer twn sections is
extruding.

Testing completed.
Bearings removed from
machine for detailed
inspection. T.S. 7

and T.S. 8 show equal
amounts of deterioration.
Outer nine sections

show some deterioration
at both ends of bearings.
Worst deterioration in
outer five sections
adjacent to ears of
outer housing.
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TABLE 1V,

v

TORSIONAL SPRING RATE DURING AXIAL FATIGUE TEST

No. of Cycles Peak-to-Peak Torque/Peak-to-Peak Defln.
from 0 to (in.-1b/deq)
84,000 1b CF CF =0 1b CF = 56K 1b CF = 84K 1b
0 125 142 163
1952 118 -—— 158
2000 117 —— 150
3500 115 =S 150
5000 112 130 148
Torque at 15 degrees/l1l5 degrees
(in.-1b/degq)
CF =0 1lb CF = 56K 1b CF = 84K 1lb
0 125 133 143
1052 125 -— 142
2000 120 —— 137
3500 125 - 140
5000 117 125 137
Note: Data taken on Test Samples 7 and 8 loaded in

parallel. Value listed is that for a pair
divided by two.
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Inboard View of Test Sample 8 After
Completion of Axial Fatigue Test.

Figure 15. Outboard View of Test Sample 8 After
Completion of Axial Fatigue Test,
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Figure 16.

Test Sample 8 After Completion
of Axial Fatigue Testing and Under
an 84,000-Pound Axial Loag.
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PRE-ENDURANCE STRESS ANALYSIS

The outer housing of test sample 9 was sprayed with a
brittle lacquer used for the detection of stress cracks
and installed in the test frame used for axial fatigue
tests. Test sample 14, a spare bearing, was installed in a
second location in the fixture. The normal centrifugal
force (56,000 pounds) was applied axially ¢« +he bearing
pair, and the locations of stress cracks ir. the coating
were noted. A radial load of 30,000 pounds per bearing
was applied in the beamwise direction, and the resulting
high stress areas were noted. Test sample 9 was removed
from the test fixture and a total of eight strain gages
were placed as close as possible to the highest stressed
areas on the outer housing. Strain gage locations are
shown in Figures 17, 18, 19, and 20.

The 56,000-pound normal centrifugal force was applied to
the strain-gaged bearing, and the results are contained
in Figure 21, At the completion of the axial load test,
test sample 9 was re-installed in the test frame with
test sample 14. The normal centrifugal force load was
applied to the bearings and the resulting stress recorded.
The gages were then monitored while a 30,000-pound radial
load was superimposed on each bearing. The resulting
stress measurements are shown in Figure 22.

Test sample 9 was removed from the test fixture and placed
in a universal test machine with a load capacity of

200,000 pounds. Strain gage readings were taken at
20,000-pound intervals up to an axial load of 180,000
pounds. The inability of the test machine to maintain a
constant 200,000 pounds prevented the obtaining of stress
measurements at that load level. However, the bearing
successfully withstood the 200,000-pound load with no
apparent damage either to the elastomer or to the metal
components. The stress data obtained is shown in Figure 23.
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Figure 17.

Location

of Strain Gages 1, 2, and 3

Figure 18.

Location of Strain Gage 4.
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Figure 19.

Location of Strain Gages 5 and 6.

Figure 20.

Location of Strain Gages 7 and 8.
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ENDURANCE TESTING

INTRODUCTION

Endurance testing of the LM-726-1 bearing imposed
simulated service load and motion conditions on three
pairs of test samples. A special test machine was
designed and fabricated with the capability of applying
a steady centrifugal force on the bearings with simultaneous
steady and oscillatory radial loads in the chordwise
direction., In addition, steady and oscillatory
torsional pitch change motion was applied in phase with
the radial loading. The load and motion spectrum shown
in Table V was based on actual in-flight measurements

of a conventional Model 540 rotor and an all-elastomeric
Model 540 rotor with LM=726-1 bearings installed.

Environmental ccnditions, typical of helicopter service,
were imposed on two of the bearing sets simultaneous with
the load and motion inputs. The remaining set was not
subject to any adverse environment and served the purpose
of a standard for comparison. The environmental conditions
were applied in accordance with the breakdown of Table VI.
At 200-hour intervals throughout the test, periodic

testing was performed on the bearings as a means of
monitoring their condition. These tests, performed on

the bearings after removal from the test machine, con-
sisted of axial and torsional static load-deflection

tests, dimensional inspections, and visual inspection with
photographs. In addition to the scheduled periodic
inspections, the appearance of the test samples was
monitored throughout the test. Detailed inspection of the
bearings while installed in the test machine was difficult,
particularly during environmental conditions which required
enclosures.

Endurance testing was performed at Wyle Laboratories,
Huntsville, Alabama, in accordance with Lord Manufacturing
Company Test Plan 8B035 (see appendix). All test fixture
design and fabrication was approved, and selected portions

of the testing were witnessed by Lord Engineering representa-

tives,
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TABLE V. LOADS AND MOTIONS FOR ENVIRONMENTAL LNDURANCFE TEST

Cond. Test Pct. Axial Radial Load Pitch Motion Dynamic
No. Seq. Occur. Load (1) (deqg) Freq.
(l1b ) Steady Osc. Steady Osc. (rntm)

1 5 0.25 56,000 10000 + 9400 14 + 9.5 324
2 7 6.75 56,000 9000 + 8000 4 + 9.5 324
3 2 2.00 56,000 7000 + 6500 4 + 9.5 324
4 6 22,50 56,000 6000 + 5000 2 + 8.2 324
) 3 22,00 56,000 4000 + 3600 2 + 7.0 324
6 1 32,00 56,000 3000 + 2200 0 + 5.7 324
7 4 14,50 56,000 2000 + 2200 9 + 3.2 324
-- -- 800 0 2640 -—— 0 + 12 S
cycles
- =5 800 0,56000/0 0 0 0 0 5
cycles
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ENDURANCE TEST MACHINES

The test machine used for the application of the endurance
test conditions is shown in Fiqure 24. Two of the three
test stations, each station accommodating two test samples,
are shown in this photograph. The centrifugal fOrce axis
is in line with the beam running from the 2cwer left
corner to the upper right corner. The radial load
actuators are perpendicular to this beam. A close-up

of a single station is shown in Figure 25. The hydraulic
cylinder for the application of centrifugal force is
attached to the sample outer member., Two radial load
actuators are visible in the foreground of the photograph,
one cylinder for each test sample. The pitch change
actuator is between the two radial load cylinders and is
angled upward.

The static load-deflection tests included as part of the
periodic tests were performed in test fixtures sinilar
to those used for pre-endurance spring rate testing,
Prior to approval of the periodic test fixtures, the
data obtained was compared to the previously obtained
pre-endurance data. Torsional data obtained on the two
sets of fixtures was identical. However, the fixture used
for the axial test during the periodics resulted in a
spring rate approximately 25% stiffer than the value
obtained during pre-endurance. This difference was
attributed to an improved means of measuring the axial
deflection, and the fixture was approved for use in
monitoring axial spring rate.

FUNGUS TESTING

Prior to endurance testing with simulated load and motion
corditions imposed on the test samples, test samples 5 and
6 completed a static fungus test performed in accordance
with MIL-STD-810B, Method 508. The test samples, along
with susceptible substrates as control items, were
inoculated and allowed to remain in the test chamber for
14 days. Inspection at 14 days revealed that abundant
growth had not occurred on either the samples or the
control items., New control items and the test samples
were re-inoculated and allowed to remain on test for an
additional 14 days. At this time, inspection indicated
abundant growth on the control items, and the test was
allowed to continue to the full 28 days specified in the
procedure, Inspection at the completion of 28 days
revealed abundant growth on the control items, but the
LM=-726-1 test specimens did not support fungus growth.
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Figure 24. Endurance Test
Machine.

Figure 25. Endurance Test
Station.



ENDURANCE TEST PROCEDURE

Upon completion of the "zerc" hour periodic test, test
samples 1 through 6 were installed in pairs at the three
independent test stations as shown in Figure 26. A test
spectrum recycling block of 40 hours was established as
the best compromise between testing convenience and the
attempt to duplicate an actual flight duration. The
sequence of testing was as shown in Table V and was
established to minimize internal heating of the test
bearings,

In actual flight, conditions with a relatively high

input which results in internal hysteresis heating of

the bearings are of short duration such that heating is
minimized. In addition, a considerable amount of

cooling air flows across the bearings due to the rotor
air flow characteristics. The test sequence was

selected such that conditions which generate considerable
heat are not in sequence, but are followed by less severe
conditions which allow the bearing to cool. Small fans
were installed at each test station to simulate rotor-
induced air flow.

Prior to the initiation of endurance test cycling,

static and dynamic spring rate tests were performed on

the sample pairs while installed in the test machine.
Testing the bearings in pairs was a means of obtaining

the capability of performing torsional and radial load-
deflection tests with the normal centrifugal force applied.

The static torsional test was performed with a constant
£6,000-pound axial load and a torsional input from the
zero angle to a 20° input in both directions at a rate
of 20° per minute, The dynamic torsional input was

+ 12° at a frequency of 324 cycles per minute with a
constant 56,000-pound axial load.

During the static radial load-deflection test, the test
sample pair was loaded from 0 to 12,000 pounds per bearing
at a rate of .02 inch per minute., The centrifugal force
of 56,000 pounds was maintained during this test. The
dynamic radial test imposed a steady 9,000-pound radial
load with an alternating 8,000-pound load at 324 cycles
per minute with the 56,000-pound centrifugal force applied.
All dynamic tests were performed after approximately 1l
minute of cycling at the specified input condition.
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Endurance test cycling began after the completion of all
"zero" hour periodic tests. The initial 200 hours of
testing was performed with all six test samples at room
temperature. At the completion of 200 hours of endurance
cycling, the manual conditions listed in Table V were
applied.

The first manual condition listed represents extreme
pitch change motion applied with no centrifugal force to
simulate an on-ground controls checkout. The second
manual condition simulates rotor startup to full rotor
speed and subsequent shutdown.

Upon completion of the manual conditions, the first 200-
Pour perioudic test was begun. Prior to removal of the
test specimens, the torsional and radial load-deflection
tests on sample pairs were completed, The test samples
were then removed and the static torsional and axial
load-deflection tests on the individual samples were
performed.

The static torsional test consisted cf an input from 0
degrees to -20 degrees back through 0 degrees to +20
degrees and returning to the original position. This
test was performed without axial load on the bearing
at a loading speed of 20 degrees per minute. The axial
test consisted of a 0~ to 56,000-pound loading in the
centrifugal force direction at .125 inch per minute.

Each sample was then photographed and dimensionally
inspected in accordance with the test plan. The dimen-
sions inspected were selected to determine changes in

the flexing element as well as the major metal components,

The test samples were then re-installed in the test machine
at the same location and in the identical orientation for
continuation of the test. Testing was continued with the
specified environmental conditions until the next scheduled
periodic at the 400-hour level.

The failure criterion for the test samples was arbitrarily
established as a 40% decrease in static torsional spring
rate from the zero hour valuc. Among the other criteria
for failure were broken shims, inability to support radial
or axial loads, excessive loss of elastomer resulting in
heat buildup, and failure of a major metal component.



A considerable decrease in the static torsional spring
rate of all six samples was noticed at the 400-hour level.
The rate of decrease from the 200-hour level indicated
that the test bearings would exceed the allowable decrease
in spring rate prior to the next scheduled periodic at

600 hours., For this reason, an additional periodic was
scheduled at the 500-hour level. The torsional spring
rates obtained at 500 hours were in all cases higher than
the 400-hour data and at a level indicating a more gradual
failure rate than anticipated. Data obtained at 500 hours,
as well as succeeding data, indicates that the 400-hour
data was in error and should be ignored. After completion
of the 500-~hour periodic, the previously established
schedule for periodics was reinstated.

A modification of the original contract allowed extension
of the endurance test beyond the originally scheduled

1000 hours until all of the original six samples were
failed. As a result, testing continued to the 1400-hour
level. Two spare samples were available and were required
as substitutes for failed bearings. These spares received
the same inspections as the original six samples. 1In
addition, a "dummy" bearing with an undetermined load
history was inserted, but its condition was not monitored.
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ENDURANCE TEST RESULTS

PERIODIC STATIC SPRING RATES OF INDIVIDUAL SAMPLES

The results of the periodic torsional and axial spring
rate tests for the six original samples and the two spares
are contained in Figures 27 through 42. The value shown
for the torsional spring rate is the peak-to-peak torque
divided by the peak-to-peak deflection of 40°. The axial
spring rate value was obtained by dividing the normal
centrifugal force load of 56,000 pounds by the deflection
obtained at that load.

Both torsional and axial spring rates decrease as the
endurance test hours increase as a result of the gradual
loss of elastomer due to fatique. All test samples appear
to decrease in spring rate at a similar rate desr.ite the
varying environmental exposure. Figures 43 and 44
illustrate the torsional and axial spring rate envelopes
of test samples 1 through 6 throughout the endurance test.
All six samples were grouped closely, indicating a
consistent rate of degradation.

PERIODIC STATIC TORSIONAL SPRING RATES OF SAMPLE PAIRS

The static torsional spring rates of test sample pairs
obtained during the periodic tests are contained in
Table VII. These spring rates were obtained on the
samples while irstalled in the endurance test machine
with the normal centrifugal force applied. The values
shown include an unknown amount of friction from the test
machine bearings which affects the accuracy of the data.
However, the general trend of increasing spring rate is
believed to be valid.

Experience gained from similar tests indicates that the
torsional spring rate under an axial load will eventually
decrease. However, the torsional spring rate without

the axial load imposed is more sensitive to bearing
degradation, and is therefore a better means ¢f monitoring
failure.

PERIODIC DYNAMIC TORSIONAL SPRING RATES OF SAMPLE PAIRS

Table VIII contains the dynamic torsional spring rates of

the test sample pairs measured in the endurance test machine.
This data was also obtained with the centrifugal force
applied and illustrates the same trend as the static data.
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