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1.0 INTRODUCTION

The U.S. Army Aviation Systems Command has an on—going program

to develop a system which will automatically accomplish inspection ,

diagnostic and prognostic maintenance functions on related subsystems of

the UH—l helicopter . Past efforts (references 1, 2 , 3) have included the

collection of vibration data with a. subsequent analysis of the resulting

Power Spectral Densities to determine the condition of the helicopter

powertrain -

Another approach , particularly in determining bearing condition ,

is to use the shock pulse techniques. When a bearing race or rolling

element contains a descrete fault , such as a pit or spall , the rolling

contact between this fault and the other rolling elements will result in

repetitive impacts of short duration . As a result of these impacts , a

shock wave propagates through the structure. The shock pulse travels

through the bearing and causes a pulse displacement input to an accelero-

meter. The output of the accelerometer is passed through a high gain

amplifier tuned at the resonant frequency of the accelerometer. This

amplifier acts as a very sharp band—pass filter. After the signal is

suitably processed , the output is displayed on a counter which provides

the frequency of peaks above any desired peak amplitudes.

An evaluation of the feasibility of using pulse techniques to

the UH—l series helicopters was conducted by the College (14). A standard

off-the-shelf SKF, Industries Model MEPA—1OA Shock Pulse Meter was employed

to construct shock emission envelopes of shock rate versus shock level.

— 1— 
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The preliminary study concentrated primarily on the hanger bearings of

the tail rotor assembly on a UH—1 helicopter. Shock emission data was

collected from laboratory teats and ground runs on “good” and “bad”

bearings. In addition, some data was collected at various flight con-

ditions on the 142° gearbox. The data , although limited in nature ,

showed the technique to be promising. Subsequently, the College was

placed under contract to collect additional data and correlate the

shock pulse signatures with teardown analysis. This report concerns

itself with this effort.

UH—l type helicopters were made available by the 281st

Aviation Company, co—stationed at the Bi—State Airport, Cahokia, Illinois

and Scott Air Force Base. Data was collected on four models: UH—1H,

UR-1D , Uli—1M , and Ull-1C. The fed~~~ l stock number for all hanger bearings

and for those on the 142° gearboxes is the same for these series of he].i—

copters. Differences are in the number of hanger bearings with the UH—1H

and IJH-lD having four hanger bearings while the UH—].14 and UH—lC has three.

All tests were ground runs at N2 = 14600 rpm .

The aircraft were available on a non—interference basis, i.e.,

no modification could be made to the airframe which would result in the

aircraft being in a non—flyable status . The maintenance personnel assigned

through the “AMSA 1414” shop were not to be used directly because of work

interference. Work connected in running the aircraft as well as accelero-

meter placement and graph data collection had to be made without inter-

ference with the normal maintenance routine or flight operat io’~..

—2—
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As in the preliminary evaluation , the method employed to analyse

bearings consisted of constructing a plot of shock rate versus shock level.

The rate level found became the first point plotted on the ordinate at a

value level of one. A threshold varying dial on the MEPA—1OA meter housing

ranges from a level of one to ten thousand in a logrithmic scale. As the

threshold is increased , successive rates were plotted until the curve crossed

the abscissa axis. The value at the intercept becomes then the highest

potentiometer level at which at least one shock pulse per second can be

measured. In plotting the data points of the shock emission envelope, a

period of integration time is allowed to insure accuracy. This integra-

tion time is noted in the left hand margin of each of the graphical presen-

tations. The rate is given in a pulses per second and the level obtained

is in relation to the potentiometer level which is a function of the

accelerometer used. The curves drawn were then compared to the general

curve forms of different types of damage and, coupled with the rate and

values obtained , an assessment of bearing condition was made. In addition,

selected hanger bearings and 142° gearboxes were removed for teardown

analysis be Bell Helicopter Company.

2.0 STATISTICAL DATA OF FIELD COLLECTION

2.1 HANGER BEARINGS

Twenty—nine hanger bearing assemblies were tested in t~.is phase

with the MEPA-1OA system. This data , which includes originally installed

—3—
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and replacement bearings , is given in Figures 2 through 30. Of the hanger

bearings tested , 8 were removed for teardown analysis.

The range of shock rates were 55 — 3140 pulses/second with a mean

rate of 1814 and a standard deviation of 86. Forty—five percent of hanger

bearings tested were between 100 - 200 and 21% between 300 — 350. As can

be seen, the greatest portion of bearings tested resulted in moderate

rates and no unusual or excessive rates were measured.

The potentiometer levels of hanger bearings varied cons iderably

more than rates; the range of levels were found to fall between 145 and

6ooo units. With such a wide divergence of levels, a large deviation is

to be expected. The mean of levels measured was 558 with a standard

deviation of 1192. Sixty—nine percent of the levels were between 145 —

200 which indicates that general1~ a level existed which could be considered

normal. Seventeen percent of the levels were in excess of 1000.

After a hanger bearing was replaced with a new or zero time

rebuilt, another test was made, wherever possible, to determine the change

in rate and levels.

It was found that the range of levels of new bearings was 50 —

100, an extreme decrease from previous range of 145 — 6000. The new

hanger bearings had a mean level of 66 which is significantly lower than

the level of the total bearings tested. The standard deviation is 141

which reflects a considerable decrease from the 1192 standard deviation of

levels of the total population of hanger bearings tested.

The rates of shock found in the four replacement hanr~t~i bearings

tested ranged from 190 - 320 which corresponds favorably with the rate

data of hanger bearings prior to their replacement. The mean rate of 2142

S



and standard deviation of 72 also is of the same magnitude of the bearings

tested prior to those removed for teardown analysis.

When all hanger bearings are considered , minus those which were
- 

- removed for analysis , the mean potentiometer level dropped from 558 to 189.

The standard deviation also experienced a considerable decrease from 1192

to 240 . This illustrates that the bearings removed for teardown were those
- exhibiting a significant variation from the normal . Table 2.1 gives a

listing of the relavent hanger bearing data and Table 2.2 is a snmIn~.ry of

the hanger bearing statistical data.

Of interest , is the data presented in Figure 14. According to

the plotted data , the bearing would be classified as satisfactory. However ,

the bearing was removed by an aircraft technical inspector due to “excessive

play.” Also shown is data collected from the same bearing on the laboratory

bench Bet-up . The data still appears satisfactory and the teardown

analysis did not show significant damage level.

2.2 142° GEARBOX

Shock pulse data was collected on nine different 142° gearboxes.

The 1420 gearbox consists of two bearing packages , one used for the input

drive quill and the other used on the output drive quill assembly. Some

diff icul ty was originally experienced in accelerometer placement which

accounts for the fact that only 16 bearing assemblies were measured.

Figures 31 through 39 give rate versus potentiometer level for the input

and/or output quills .

—5—  

.- --~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
—~~

-—- 
~~~~~~~~~~~~~~~~~~~~~~ 

________

The 42° gearboxes proved to be quite consistant in their shock

emission data obtained . Because of the relative similarity of the data ,

difficulty arose in determining what excessive levels were . Four of the

nine gearboxes which were evaluated were removed for teardown analysis.

The gearboxes were removed primarily because of peculiarities in the curve

shape rather than excessive deviation of the shock rate or potentiometer

level from the mean.

The mean rate of shock pulse information collection was 221

pulses/sec . with a range of rates running from 75 — 600 inclusively .

- 

Seventy—five percent of all 142° gearboxes tested had rate levels between

75 — 300 with a standard deviation of 151. Potentiometer levels of the

bearings ranged between 45 — 300 with a mean of 133. Of the quill

bearings tested, 75% of these faLi. between 50 — 200 with a standard

deviation of 70. Table 2.3 and 2.14 slnmnR.rize the 42° gearbox data.
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3M TEARDOWN AND CORRELATION AND RESULTS

Appendix I of this report is the results of an analysis made

by Ben Helicopter Company (BHC) which was necessary to complete the

data for evaluation of the MEPA-lOA shock pulse technique.

The BHC report contains the results of a teat-down analysis of

- hanger bearing assemblies and 142° gearboxes which were analysed in the

field test and of these, 12 assemblies were submitted for analysis.

The 12 assemblies analysed are reviewed from; first, the amount

- of damage evident at teardown, second , the MEPA—1OA shock emission profile,

third , the photo evidence of the damage present, fourth , a c~niparison

between shock profile and teardown results.

A def inite correlation seems to exist in the case of the most

severely damaged bearing assemblies between damage found, and shock

profile. In the areas where minor damage is found, it becc’~s’-.s increasingly

difficult to make a definite correlation with shock profiles. Defects

exist in all bearing assemblies to some extent and it is in a study of

the amount of damage, not whether damage exists, that is of concern.

Unfortunately , no data which related the physical condit ion of

the bearings to the degree of damage found, was reported. Whether the

damage in any particular case would be severe enough to consider failure

as eminent, or merely the onset of damage, was not indicated in the BHC

analysis.

The SKF plot of shock emission is developed through a relationship

of rate of shock pulses per second versus level of shock. This relationship

-13- 
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when plotted, lends itself to a relatively non—subjective determination.

The evidence resulting from a teardown can only be conclusive in a

determination of condition when coupled with additional information as to

flight worthiness.

In instances of damage in bearing assemblies, the rate or poten-

tiometer level may not be exclusively the only criteria valid, in condition

determination. The changes in the slope of the shock emission curve may

also be a determining fact. For example , gearboxes ABB—60l2 and AB—2267

manifested brinelling in one or the other quill assembly which correlated

closely to a slope irregularity in the shock emission. Neither gearbox

had potentiometer levels or rates of shock which could be considered high

in comparison to the average gearbox tested-.

As previously mentioned, tne method of accelerometer attachment

used did not allow discrimination between the three bearings, two balls ,

and one roller, which comprise a quill assembly of the 142° gearbox. The

only comparison which that can validly be assumed is in any damage in the

quill versus any exhibited shock profile irregularities for that quill.

A continuation of data collection will be made to attempt more specific

results in accelerometer placement.

Hanger Bearing Serial #A20—1l14146 (Fig. 10) was removed for

analysis because of the high potentiometer level of 1200 plotted and the

excessive needle swing present in plotting the curve. This was the only

hanger bearing which manifested such excessive needle swing on the MEPA—lOA

shock analysis. Reviewing the teardovn data from BHC, a genere . good

condition is reported with the only- damage being corrosion in two places

14
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in the outer race. The inability to plot a smooth curve for this hanger

bearing cannot be explained at this time. It is the only assembly tested

which appears n t  to correlate with the teardown evidence. On several

oCc0.~.ioflS , needle swing was found in plotting a portion of the curve in

the analysis of gearbox assemblies. The swing in these cases was minimal

and usually confined to between two or three points on the curve, not
- 

the entire curve. More data should be collected to determine how this

needle swing affects curve plotting and whether temperature or low electric

power supply could be the cause of excessive swing. The slight needle

swing found in some of the gearbox assemblies , it is felt, could be

because of the multiple bearing and gear assemblies present in the quills

as well as accelerometer placement.

The color coded normalizing graph iB included in this report for

the hanger bearings (Fig. 1). This graph is based on the data collected

to date. Those bearings which reached a level of severe damage are easily

correlated as were the bearings which were new or in good working order.

The mean level of the new hanger bearings is 66 with a standard deviation

of 114. Considering the consistency of this data, we estimate a level for

acceptable shock emission of 500 units would encompass both new bearings

as well as those with only slight damage.

Those bearings which registered levels indicating a severity- which

demonstrated moderate amounts of damage , or damage which must be watched

for an exceedance , were placed in a zone from levels of 500 — 1500 . This

category is diff icul t  to determine because of the very nature c~ che

diagnostic equipment. If the premise is valid that all bearings are

damaged to some extent and the amount is the determining factor, then any

— 15—
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estimate of severity must consider the consequence of failure. Bearing

damage is insidous and progressive in nature . If the damage is of the

type resulting from metal failure of a component of the bearing, then total

failure can occur rapidly . Damage to the cage of the rolling element s H

can cause the type of failure which is both drama4- ic and rapid. A spall

is the type of damage which may allow for many hours of safe operation

after the spall occurs due to the rolling elements continuing their path

over , or through the damage .

The MEPA—lOA appears to have the ability to pick up most types

of bearing damage . To determine the condition of a bearing as it approaches

an area of exceedance , several readings should be taken over a period of

time on a questionable bearing to track its failure rate. If a bearing

exhibits high shock characteristics , then tracking its shock emission will

give an indication of the rapidity with which it might proceed to a heavily

damaged condition.

One of the factors of bearing analysis to be considered is that

heretofore the method used to make an initial determination was in either

subjective “feel” or in the measurement of some movement or play. In

either case it was necessary to remove the bearing from the assembly to

either feel it or to disassemble it for teardown. The movement in radial

or axial play , it was shown, cannot be considered in bearing determination

using the MEPA—1OA system. (Fig. 1I~).

The SKF MEPA-lOA system is a dynamic check of the bearings

performance while operational and does not depend on subjective determin-

ation to generate the data to be used in its analysis. Subjectivitity occurs

—16-
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only in categorialng the MEPA-1OA’a data. The following graphs and

pictorial evidence of teardown are assembled in this section in entirety

to facilitate correlation .

3.1 HANGER BEARINGS

The following bearing assemblies were analysed and if the bearing

exceeded what was felt to be normal conditions, the assembly was removed

for analysis. Whenever possible, the bearing which was used to replace

those removed for teardown , was also tested to insure the shock signature

was reduced to acceptable levels in the new assembly.

—17—

-~~~~~~~~~--- ---~~~~--‘.~~~~~~~~~~~ - -- ~~~~~~~~ - - - -~~~~- . - - -~~~~~~~~~~ -—-  



- - 

‘ : i
~~~~~~~~~~~~~~~:~~ 

- - - - -

~~~~~~

- 

~~~~~

-

~~~~~~

-- ---

~

GRAPH FOB BEARING ASSEMBLIES

ANALYSED IN FIELD EVALUATION OF SHOCK PULSE TECHN IQUES
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- NUMBER 3 HANGER BEARING - 
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- HANGER BEARING #A2O-143391

788 hours i~ince new w~ t.h L~88 hours use in last Installation .

The outer race of this bearing showed evidence of corrosion and

pitting .

- No damage was apparent in the inner race, however , one call had

corrosion.

The MEPA—1OA shock analysis of this bearing showed high levels

of damage. The level reached of 900 is in the higher 20% of the r~~ad i ngs

taken of all hanger bearings tested. Rate level of 300 is nr’t excessive

considering the bearings tested. Reviewing the MEPA—1OA depiction , this

bearing would fit in a classification ~~ow~ng damage requiring actIon .
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14 HANGER BEARINGS
U
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HANGER BEARING #A2O-37362

25149 hours usage since new with 501 hours since overhaul and in

last installation.

Very light pitting was evident in both the Inner and outer race.

No defects were found in the balls according to the Bell Helicopter

report and no pictures were taken of the bearing.

This bearing did not show any excessive readings in either rate or

potentiometer level according to the MEPA—1OA system.

The reason this bearing was removed was because it excf-eded the

movement tolerance allowed by normal maintenance procedu~~-.~ according

to a maintenance technical inspector. Two shock tests were per~or2ned

on this bearing ; one in the aircraft prior to its removal a:u I the other

on a bench test configuration. In either test , the rate or potentiometer

level .did not exceed normal levels.

FIG. 114A
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NUMBER 3 HANGER BEARING UH-1H - -
TAIL #159149

TEST CONDUCTED 28 NOV 1973 AT SCOTT AFB
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- . - HANGER BEARING #A20—6 141495

- 1427 hours usage since new .

Both the outer and inner race of the bearing showed evidence of

corrosion and pitting . Corrosion was also apparent on several of the

balls of this bearing.

The MEPA—1OA analysis revealed an excessive potentiometer level of

approximately 1800. We would consider a level this high cause for

replacement .

The pictoral evidence of damage on the outer race and halls appears

to definitely warrant a replacement of this assembly.

FIG. 15A

—

_______________ - - - ~~----- -



__- - -  - -  - -

I 
_ 

~
-
- 

- 

,- ~~~~~~~ 

- -

U 

-
- 

~~~~~ 
—U

I 
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

< ±

~~~~
- — :  

~~~~

—-—-

~~

-—-— —I-— -- --  — — —~~~~--~—— ~~~~~~~~~~~~~~~~~~~~~ I _ ~ 
- I1IlI~~~



- - - . - - - .- —----

--

‘4- ’.

I

’3
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HANGER BEARING #A20—614906

601 hours of usage with 1427 hours usage in the last installation.

Pi t t ing was evident in the outer race of this bearing as well as

corrosion and p i t t ing on one ball of the rolling element . No defects

were found in the inner race of the bearing.

The MEPA—lOA shock depiction had a level of 550 and rate of 290 .

This rate and level while higher than the mean level measured , would

not be considered excessive but would be considered approaching an

unacceptable condition .

FIG. l6A
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NUMBER 1 HANGER BEARING
.
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RATE APPEARED LESS THAN NORMAL WITH POTENTIOMETER LEVE L IN EXCESS
OF NORMAL. BEARING WAS NOT REMOVED FOR PHYSICAL ANALYSIS.
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NUMBER 2 HANGER BEARING

TJH— 1M TAIL #59519

TEST CONDUCTED 30 NOV 1973 AT SCOTT AFB
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UH — 1M TAIL #59519

BEARING SERIAL #A2O-1l14146
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- TEST CONDUCTED 30 NOV 1973 AT SCOTT AFB
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SHADED AR EA REPRESENTS EXCESSIVE NEEDLE SWING ON MEPA-1OA BEARING REMOVED
FOR ANALYSIS .

• FIG. 19
NOTE : SCALPED AREA DENOTES NEEDLE SWING.
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HANGER BEARING #A2o—1l14 146

11414 hours since overhauled.

Teardown analysis yielded a bcuring condition described as “general

condition good , bearing feels smooth . ”

- Some corrosion is evident in two places in the outer race. The

teardown data indicates a bearing in normal condition .

The MEPA—1OA analysis shows an excessive needle swing in f ’ it e

depiction ranging from a rate of’ 10 to 300 . The potentiometer leve l uf

1200 would be consid€red hi gh and excessive when compared to the other

bearings evaluated. It was for this reason the assembly was removed for

analysis. The cause of excessive needle swing in measurement of shock

— rate is not known . The plot of this bearing was not made up of defined

points which the curve developed through , and thus differs from other

bearings which exhibited some needle movement . Teardown information would

lead to the conclusion that the bearings was in a serviceable condition .

The ability of the MEPA-1OA to plot a curve of shock emission which

did not have the erratic nature seen in this curve is desirable , in

order to confirm the bearing condition . Possible reasons for the excessive

needle swing includes an ambient air temperature below 30°F and the

possibility of a less than sufficient power source.

FIG . l9A
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NUMBER 3 HANGER BEARING (NEW BEARING )
.

UH—lH TAIL #66—io8~
TEST CONDUCTED 30 NOV 1973 AT SCOTT AFB
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TEST IS A REPEAT OF TEST MADE ON 28 NOV 1973 OF NUMBER 3 HANGER BEARING
OF THE SANE AIRCRAFT WHICH WAS REMOVED FOR TEAR DOWN ANALYSIS. 
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NUMBER 14 HANGER BEARING UH-1H ( NEW BEAR ING )
- . 
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REPEAT OF TEST CONDUCTED 28 NOV 1973 ON #14 HAN GER BEARING WHICH WAS
REMOVED FOR PHYSICAL ANALYSIS .
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HANGER BEARING #A20-267145

2970 hours usage since new with no overhauls and 1403 hours in

last installation.

Both corrosion and pitting are evident on the outer race of this

bearing. No defects were noted on the inner race, however , the rolling

element also had evidence of corrosion and pitting.

The potentiometer level of 2500 reached was the second highest of

all bearings tested although the rate attained was not excessive at

250 . The plot of the curve derived from the MEPA— 1OA shock analysis

system would warrant the conclusion that this bearing would be considered

excessively damaged when compared to the normal amount of shock emission

— of aU bearings tested. Pictured damaged in the outer race would seem

to indicat e a bearing which was damaged to the point overhaul is

warranted.

FIG. 29A
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HANGER BEARING /~A 2 0 — 3 l 2 2 5

703 hours usage since new w i t h  403 hours  usage in  the last

inS ~ il lat ion.

The t eardown report s ta ted  “bear ing rotated roughly  b e f o r e  tear—

down .” Corros ion  and p i t t i n g  was in evidence in all  the bear ing elements ,

inner and ou te r  races as well as r o l l i n g  element damage . Damage can be

clear l y se~ n in the  t eardown photos and this  bearing must be considered

as excessivel y damaged .

The MEPA—IOA shock profile showed the highes t  potentiometer  level

recorded on t h i s  hea r in g .  A Ie v t - I  of b500 should be considered excessive

and w i t h  th e  I ) l IU t o  f in d t eard own data  reviewed , this  bea ring must be

placed in a severel y damaged ca tegory .
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- -~ ~~~O GEARBOX #ABB—o612

- 298 hours since new. -

The bearings In the output drive quill (S/N 12—737) were stated as

feeling smooth, however, brinel].ing was found on the load side of the

Imier races. The bearings operated over - the dPini~ge and the rolling element

path is now continuous.

The bearing in the input drive quill (S/N 76—961) had no evidence

of damage or deterioration during teardown .

The )~ PA—10A shock profile reveals a marked difference between the

input and output drive quills. No damage was found on the input quill

and the curve of its shock rate vs. level is smooth and has no sharp

slope changes in its plot . Damage was noted in the output quill and.

by examining the slope of thc curve plotted an irregu.larity in the plotted

curve can be noted . The change in the slope of the curve could be caused

by the rolling elements operating over the brinelling found on the load

side of the inner race.

The curve plotted for the input bearings of the 1420 Gearbox ABB-2667

yielded a curve irregularity in plotting the shock emission and in this

case brinelling was also evident in the teardown analysis which further

warrants the collection of more data on the effects of brinelling on

shock plotting.

FIG. 36A

—72—

~

--—---

~ 

---—--- -- --- — -- --- - - — - -- - - -- - - - - - - - - - - -



~ T ~~~~~~~~~~~~~~~~~

$ 
- k2~ GEAkWUX

iJH—1.H TAIL #69—15771

TEST CONDUCTED 6 DEC 1913 AT SCOTT AFB

,
_-

_ .

Rate - -

‘ 
. . 

I 
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~

I 5000 
_ _ _  

_ _ _ _

I 
~~ 

-tt1-~
1 

~I~~I I I j e  I : t i- - E -~~ ~ i~
’ 

~~
‘ 

— r-1-Th 
~~w~ 

- 1 - ‘ • - - - 
L ’  I - 

J L
- -

~~
-
~~-I ~~~~~~ -1-— — — —I--;- 1 •T~? —7-j— L ~~ I ~~~~~ ~ T~ j •t-’-T — — T T 7I_i h f :  I I I L  - t :  I j ~ 

- - _  
I I •~ :~

_ . t t ;~ I 
~ ~ ~~~ ~ 

,~~I  ~- ~ I _ : :- c ; ; ; . - I -  ~ -

I 
~ 

; t f ~~ j j I  I 
_ _I ~~~~~~~~~~~~~~~~~ 

~~T- 
r -

~~~~~~ [ t t ~~~~~~~~~~3:
500 

r~~~
H
H:E~jE+

t~ E ~ ~ 1H1 ‘= Fi1~ ~
HE1 ~~

- 

-
• - 

_
___ 

_  

_

~~~~~~~~~~~ 
: ‘

~~~~~~~~~~~~~ 

_ _

Si I I- I - -f- r rf ‘ T I.V
~ ______  ______  

I 
___  

I I 
___  

‘ I

~ ~~ 
F ~~ ri.. ‘ 1 ~1 ~~ I I I I I

20 - - 
~~i-r~~~~~~~~~~ t

1 10 ~~~ 

~~k
~: 

601 5 _ _  

~~~~~~~~~~~H

~~~ -~ __ _ _  

T1~+ - I -~
—-

~~~‘TT~ h~ ~~~~~ ~~~~ Th ~ ~~~~~~~~ 
1

-
~~~~ -r 

\ ~~~~ 1 T ~~~~ ~~~~~~

180 

____: ~~~~~~~ 
~~~~~~~~~~~~~~~ 

—
~

T-itfflL’~ ~4+~1 2 5 10 20 50 100 200 500 1000 2000 5003 10300

- 540 . 
- 

Potentiometer level - • 
- - 

•

ONE CURVE REPRESENT S INPUT QUILL , THE OTHER THE OUTPUT QUP GEARBOX
R~4OVED FOR TEARDOWN ANALYSIS.

NOTE : SCALPED AREA DENOTES NEEDLE SWING.

ABB2667 - GEARBOX SERIAL NUMBER

FIG.

—73—

- --~-_~- —--~-- -~- - - -~~~~~- -- 



142° GEARBOX ABB—2667

- No overhauls recorded with lO~-~2 hours usage since new and in last

installation. Input gear #33~~6-9 showed acceptable wear pattern .

Input outer bali bearing and input inner ball bearings numbered ~5C65

both exhibit false brinelling marks .

Some light scratches were evident on the input roller :es-ri~~.

Output gear #333!~7—lO showed an acceptable wear patterr. c~:. the

gear .
Both the output ball bearings #85263 exhibited a small ~~~

the outer ball bearing also showing a small scratch.

No defects were found on the outer rollc-r bearing.

The ~~~ A—lOA shock depci~~or4 of the ~2° Gearbox ABB—2667 shc 1zs a

marked difference between the input and output drive quill. Since the

acce eroneter placements were on the outer portions of the drive i iL~~~,

no aefin:te ~nalysis can be made of any of the component parts of the ~u:i s
the s~e c c  ~e~r e~z y .  The only conclusions which can be a~r :ve~

~~~~ ~~~~
.- . t h  re. :- -1 -: t~ ~c .‘.e ~~ - n J et~ ~~~~~~~~~~~ aSSen~~.~~es.
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TEST CONDUCTED 12 DEC 1973 AT BI-STATE AIRPORT
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~~~~~~
O GEARBOX #ABB—l1Ol

S

- Two prior overhauls. with 1725 hours since new and 1148 hours usage

since last overhauled.

Teardova evidence yield pits in all bearings of the input drive

qn(1L corrosion and pitting was found on the output quill bearings of

the gearbox . Radial scratches were found on the output quill ruller

bearing.

Shock emission profiles for both input and output quill packages

had some needle swing which was the main reason for removing this gearbox

for teardown . There is little difference in the curve shapes of both

bearing assemblies and neither had abnru-inally high rate or potentiometer

level. The needle swing in rate analysis was felt could have masked

curve irregularities related to bearing damage .

FIG. 38A

-~ -
~~~~~ _



r~ 
- 

~

- - - --
~~~~~

-

~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~ 

_ _ _

~~~~~~~~~~~~~~~~~~~~~~~
7 ~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -3

~~~~~~ 
. 

‘—~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ 

-

~ 

~~~~~~~~~

~L~~~’ -.~~~~~~~~ .-, ~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~-k ~~ ~k?~t&a— 
~~~~~~~~~~~~~~ 

-
‘~~~~~~~~~ ——~~~~~~~~~~~~~~~~~~~~~~~

_;,- 
~~~~~~~~~~~~~ —f:

_ _ _  ~12J ~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —

?~ -A -
~ -$ ~~~~~~~~~~~~~ 

_(
~

— 
_ _ _ _

I 
_ _ _

- ~~~~ : - ~~~ 
~~~~~~~~~~~~~~~ 

_ _ _ _ _  

M~4.-~-~ :~
;

-‘ _ _ _ _ _ _

_ _ _  _ _ _ _  

~~~~
.

1 _ _ _________ 
- 

- 
:- 

-

___ _ _  

~~~~~~~~~~~~~~~~~~~
- ~~ *- I T

__ 

_ _  

3~4

___

~~~~~~~~~~~~~~~ 
~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~

_______________ -. - — - I~ 
-,_ - ‘ —

_ _  - -
- - 

~~ ~~~

— - - - 
~~~~~~~~~~ ~~~~~ ~~~~

______ 

-

~ 4;

____ - 
~~ ~~~~ -

- -
-
. 

_ _ ;
~~~~ :~~

- ‘ -

___ 
-
~~~~~~

- - ,
~~~~~

- -
,~~ __.,

_ •- ‘ _~ _ )_
- .1 -



r - 

~~~~~~~~~~~~~~~~~ 

- 

~~~~~~~~~~~~~~

--

~~~~

-

~~~~~~

- - --—

~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~— ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~~~~~ ~~~~ ~~~~~~~~~~~~~~~ .E
~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ :~

- 2~~~~~ - -1~~~ L~— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~
~~~~~~~~~~~~~~~~~~~~\ ~~~~~~~~~~~~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- ‘-I 
~ 

-
~

~~~~~~~~~~~~~~~~~~~~~ 
I ~ ~ I ~~~~~~~~~~~~~ ~~~~~~~~~ ~~1

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

. - - - --
~~~

_
~4 ~~~

~ 
- 

- - 
I~~~ - 

~ ~~~~ 
——

- - . 1 _________________ - 
~S 

-

_______

- ~~ - ~ ~ ~~ . _ _ _  

-4r-~ 
-
~

-
?‘;~

-
~ ‘

- 
- 

~~
- - ______ - :- 

~~:
I •.~ 

~ ~ ~~_-

~~ - : -

_
.;

~
, _~~~~~ _ -

- - _______-
- 

~
_ _

~~1W~~1 _ _ _ _  - r—
$~

- -
~~ ~ 

_____ 

~ ‘ - ft~ —-
~~ I - s” - - - _______ -- p  -

- ~~~~~~~~~ 
— —

_ _ _ _  

___ ‘ 
~~~~~~~~~~~~

- 
- - 
_ _ _ _  

- _

_

; 
___- LI4~~ . -~-‘I.. 

- — - - - p
_

_ -1 ‘~~~~:~
-- 

- - - - - 
_____ 

_____ - -
-
~~~~~~

- , -.~
-
~~~-,- -~~~~ - 

~~~
- 

_ _ _  ~~
- _ _ _ _  

,.-.i

_ _  t

- 

1~~~~~~~~~~~~— 
-
~~~ - - 

-
-
~~~~~ - -- - r—

- ~~~~~~~~~~~ 
_ __

- 

—~~~~~~
- - - --.- -

- -- 4_ _ - - -

-. 

~~~~~~~~~~ 
____

- - -, - —r r - ~-:
- - ~~~~~~~~~~ 

,
- - ~~~~~

- 
j  

— -
- - ~~ k~1 - ~s

-

,
~ ~~~~~~~~~ - - - 

- - 4

~~ 

-

,
- _ _ 4 _ -;~ ,,

- --# - 
- -

- ~~~~~~

4 - - - .1. 
I.

- -I- -i.-- ~;
--

~~~~
--



~~~~~~~~~~~~~~

----- -- - - - - ---------

~~

--
~~~~~~

- --- ---- 

~~~~~

-—

~~~ 

.- _ _ _
4

- - -

~ ~~ -~- . : r~~~~V ~ 
1 ~ ~~~~

- -
- —

~~ ‘
4 -

~~~~~~ 
- 

~~~‘I t,-~
_ 1

4~~~~~

_

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- ~~~
~:-~~ ~~~~ 

- - 
~~~~~~~~ . - - 

— ~~~~~~~~~~~~

ITt4
~~

l

4 

~~~~~~~~~~~ 

.. 

~
p1p 

~%~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
,
~ ~ 

4;

.1 
~~~~;i~:; ~ . -::~~4~~~~- -’~J* . ~

.
-~

.- - -- ~~~~~~~
1~

4
1~i; ~~ ‘ ~; 

S 
~~~~~~ 

I~p 
~ ~ ~~~~ 

_~I~~~ri-

~~l ~ ~ A ~~ ~~~~~~~ ~~~~~~
-. 

-S 
•~ ~~ , 

*! ~

- ~* ~~~ I—

4~ ~~~~~~~~~~~ ~- p
- — p --p ~ ~‘ ~~~~~~ ~ ‘

— 
~~ ~ ~~ . 

-
~

~ ~ ~ ~~~~~~ 
~I I ~~~~~ ~ ~ 

- -

- -  - -r - - - -
~~~ .A~ ~~~~ 

- - -~ - t 
_ _
~F - -

- ‘--~~-t- : - - . - - 
- -~

~~~ ~ : -~ j - -& - - ~ ;‘— ~ç - ~ -

-
- _~_p~ ~~ ~L-:~ i5 ~~~~~~ I. ~J

S - 
- -

5
- - -~--~ z

5. I- ~~~
r-5

~- ~~~~
- 

- 
- 

- . -.5 -- - 
-ç 
~~~~ ~‘~:~--~ __- -

-~~~~~~ 
- ~~~~~~~ C

- 

~~~~ 

-- - ; -  
.- 0

~: .~~~~~i4 
I-

-5.- 5- - --

1 .

- ‘c-

-

?—~ (J)

S -
i S

.
I

p
45 

- -
- 4~~~~ -.- ;~c ~I 

- 

~~~~~~ 
~~~~ SS4•~ C

d

‘S
~~~~~~ 

-;
~~

‘ -~~~~
-
~~~- ~

I-

-4



- S  ~~~~~~~~~~~~~~~~~~~~~~~~~ -_~~~ - -~~~~~~~~--~~~~~~---~ --F -
S

5-)

-5)

C
S ~ 

-

S - 
~~~~; -- % - 

- -- (-5?.’ ,—’- 5- - 5  - 
- S

— p ~~~ 

~?ffh
P
~ I 

~ 

~.

j  
~ 

I

:A
4’; - -

~~~~~~~~~~~ &~~~~

_

~~~~
- --

_ 
-
~~ 5- .~

_j 4._)

~~~~~~~~~~~~~ ~~~~~~~~~ 
: -~~~~‘~~~~~~ ~ ~ i

-
S ~

: : - -
~~. 

- 
.- - -

-
- ~

- 

- 

~~ 
- -5-

5. - ,-~~~~~~~- ! ~~ 
.- -

- --.4 

- - 
~~~~~~~~~~~~ ~~~

-
-.

--S 
~~ ~—4

- 7 p5.
I ~~~ 

- 
~~~ - r-~~ 0L: - ‘ 

- 0 —

- 
S - 

~~~ ~ ~ ~ ~ 
- 

v—I (I)

- -S • ~~~ / ~
-
,~ ;

-;~:-
- ,-_-4 0

S ~~~~~ 

~~~~~~~~ 
I ~

-~~~~ ~~-1lL 
~~~~~~~~~~ ~~~~

- ~ -7’. 5~~~~~~~

, :~ -

~~~~ ~ _~~
;_

~ 

: -
~~ 

,

~~~~~~~~~ 
M; ~

f -~~~~~~~~: - ~~~~~5 

~~~~~~~~ ;
~:
6
~ ~ ~ - 

S ~ ~ 
, 

~

‘ -

-5 
~~~~~~ - $- ! ; ~~

-~ ~~~~ .- . 5- 1 - 
-

p ~ 
4I~~~~~ ~t4 

, 
~ 

- 
~ - S ~~

~ 
S’

~ ~ ~ -:
~ ~ 

~~~~~~ 

~~~~~ -:~~
- ‘ i

_
’ S

~~~~ ~ 
- - -

~~~~
- - 

~~-~~~~~~~~~-



-5~~~~~~ -~~ 

~
__:iT

~
-:--T-

~ ~ 
—-5--

~~~~~~~~~~~~~~~~~

- - - -

~~~~~~~~~~~

!~
- 

- 

p 

5
S 

~ - 
1e2° GEAP.BOX 

- S

~ uE—l~ TAIL #66—16879

—5--- 
. T~~T CONDUCTED 13 DEC 1973 

.

- 

. 

— 5 -5 .5 5 . . . S 

AT BI-STATE ‘AIRPORT 
S

4 Rate ~ 
. 

- 5- 
5 . 

S 

•

~ ‘: ~~~~ ~j i ~ ~~~~~~~~~~~~~~~~~~~~ 1~~E 7 ~1~~1
~~~~~~~~~~~~~~~~~~ 

1-i I I ’ J ~~
I hTL I :I[LT.iiJ

~: 
2000 ~~~~~~~~~~~~~~~~~~ ~

;i ~ IlI l t j T151 I ~ f ~‘~ i ~~ 
— 

I 
I I I

I 1.9 III :1— 

I 
‘ 

I ~ ~~
I ffl-t

~ 
!.
~T1I~

LI
_

jJ+4 L
~ -

~1 fft 
I 

~j ~ ~ ~
_ 

~
- 

rfLl1i~

Jss

I ~ ~r~
-
~
---

~— ~
2 

‘: 
_ _ _ _  _ _ _ _

_

4 :: -. ~~~~~~~~~~~~~~~~ i~t~: H iL l

‘I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ r I I  ~~~~ I I --1 L~
_
~ -

~~. !- . ~~~
- ‘ - s : ; .  - :I.~::;: . I - .t . :; 1 .~~ .

~ 
- P -

~
.

~~~ 
I 1 ’

~~ 
H— 

I 
~~~~~~~~~ ~i i—~-r L~J 

r j  I I~ 1
23 ‘~° 1~~~~ ~, ~~~~~~~~s j 1~7~~~T .4 I r~~r~~T~ ~ ~W4~~’~~J _~L4

fl ,~ ~T ‘~i1 - Ht~ ~ i 1 I 1 
~“ r—~ ~~ I I ~~4 ~~~~~~~~~~~~~~~-+ _J 1 ~~~~~~~~r : i

’
r~
- t~~~~~

j
~~~ _ t

5 r~~~~~-~- -— ~ ~~~~~ 
- .~~ - -r ~- ~ rrri-I-: ~

-
~
--- - i . •~ - - - I 

I JJ L . 
~~~~ ~~~_j j~~

I _ j I I j~ j .  I 

~~~c 
________ 

~~~ LJ ~~~~~ ‘~~~J~~ — _________ — — ii _1_~TI~ i L  —
~~~~~~ 1 1 ~~~ i t  I ‘t’ I H : I......j....~ij _.I’I ‘ I

180 

_ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~ H+H±ft~N ELd
1 2 5 ~0 20 50 100 200 500 1000 2030 5000 10003

- - - Potentiometer level - 

- 
-
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-

ANALYSIS .
NOTE : SCALPED AREA DENOTES NEEDLE SWING .
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FIG. 3~
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42° GEARBOX #B13—3800

1893 hours usage since new with 569 hours usage since overhauled.

The output quill bearing was the only one analysed with the MEPA—1OA.

The teardown information regarding the output quill was the only infor-

mation considered.

Small pits and scratches were found on the outer ball bearing #271814

and the inner ball bearing had a few small scratches on the balls.

The MEPA—1OA shock profile of the output bearing of the quill

assembly showed some irregularities in the curve shape . I’~èedle swing

again accounts for part of the manifested irregularities and the

rate of 500 was considered high compared with normal . Teardown infor—

mation showed that while some damage was evident, no severe damage

existed.

I

FIG. 39A
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1~.O CONCLUSIONS AND RECOMMENDATIONS
- -4’

S

The correlation between graphical depiction and teardown

analysis found in this report is based on the previous tests of the

MEPA—lOA system of shock pulse analysis and a review of the methods

currently used to determine condition by teardown. An attempt was
made to construct a normalizing graph to categorize a hanger bearing

by condition. Three sections were employed in the effort to classify

bearing condition :

1. Green area signifies a bearing in good condition.

2. Yellow area denotes a bearing with dome damage arid

represents a marginal area.

3. Red area signifies a bea~-ing with damage in excess of
- 5 . ---

that which is felt would be acceptable.

By overlaying the graphs of bearings plotted , an idea of

probable bearing condition can be attained.

The criteria for determination is based on a limited amount of

data and any further dat a collection would necessarily increase the

reliability of which a condition determination can be made.

The 142° gearbox analysis did not yield any extreme conditions of

wear or damage. Considering the high reliability of the 142° gearbox,

the probability of finding one with excessive damage is low.

Based on laboratory tests (14), the use of the oscilloscope

coupled with the MFPA-1OA in determining bearing health provides little

useful Information.

—8 14—
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In the areas of significant hanger bearing damage , the correlation

between the data obta ied from the MEPA—lOA shock analysis arid teardow’n in—

• formation appears to correlate closely. The ease with which a hanger bearing

or 1420 gearbox quill assembly can be evaluated is apparent over the present

system of “feel” or “play” because it can be evaluated in position on the

aircraft . The use of the MEPA—1OA as a diagnostic tool has been proven in

locat ing bearings which were excessively damaged even though installed on

operational aircraft.

Due to the short length of time (6 weeks) during which this study

has been undertaken , a less than desireabie amount of bearing units were

analysed. The aircraft (UH—l series) were available but due to the initial

engineering prob lem of accelerometer attachment as veil as inclement

weather , and the fuel shortage , s-~re all factors which reduced the number

of bearings which could be tested. The study of hanger bearings and 142°

gearboxes should be expanded- to broaden the statistical base. It would

be desireable to have data on implanted bearings with severe damage that

is, close to failure. However, the non—interference constraints pre-

cluded this with the Reserve helicop-~ers.

—85—
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BELL
‘~~~$ HELICC)PTER COMPANY
POST QFFIC~ 50X 462 • FORT WORTH, TEXAS 76101 A teXtI’OflI COMPANY

Decether 21, 1973
p 81:DVC:dc-].291

To: U. S. Army Aviation Systems Command
P. 0. Box 209
St. Louis, Missouri 63119

Attention: Mr. Bob Stenberg
AMSAV-ERS

Copies to: Mr. C. E. Braddock
Transmission Design Group
BHC

Mr. J. Murphy
Reliability Group
BHC

Subject: Disasseut ].y—Inspection of Returned
Bearing Hangers and 42° Gearbox

Note : Only the discrepant items are
mantioned.

Tail Rotor Drive Hanger , 204-040—600-9

S/N A20-11446
• 144 hours since overhaul

204—040-623-1 bearing , S/N E9202

General condition good , bearing feels smooth.
Upon sectioning outer ring for inspection , soma
evidence of corrosion is apparent on two p laces
in the outer race .

S/N A20—67523
404 hours since overhaul ; 806 since new

General condition good , bearing feels smooth.
Corrosion in outer race adjacent most balls has
operated over damage. Two lines (scratchesi
across race adjacent one corrosion area.

-A-i-
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Deceuber 21, 1973
81:DVC:dc—1291

420 Gearbox, 204—040—003—3 7

S/N ABB-06012
298 hours since new

204—040—143-1 bearings, S/N 12—737 (output end)

Bearing feels smooth, disassembly reveals brinelling
an load side of inner rings , has operated over
tli~1I~ ge and ball path is now continuous. No pitting
or epalling.

S/N 76—96 1 ( input end)

Shows no damage or deterioration.

The conponents will be preserved and returned to Mr.
.Harrington (Parks College) at a later date .

D. V. Cleveland
Transmission Design Group
Plant 5A

-A-2-
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BELL HELICOPTER COMPAN Y

Inter-Office Memo

March 6 , 1974
81:WDN :dc— 1365

Memo to: Mr. J. Murphy

Copies to: Messrs. C. Braddock, D. Cleveland,
L. Hopfer sperger , E. Roseler, ECF

Subject: ANALYT ICAL~JNSPECTI0N OF UNITS RECEIVED
FROM PARKS _ C0LL~ GE

A total of nine (9) 2O4~O40-6O0-9 hanger assemblies and
six (6) 204-040-003-37 42° gearbox assemblies have been
received by BIIC from Parks College for analytical inspec-
tion . Inspection has been comp leted on the following
units :

420 Gearboxes - P/N 204-040-003-37
S/N ’s - AI3B-ll0l

ABL-2667
B13-2582 , strike damage
B13-3800
BBB-958 , strike damage
AB]3-06012*

Hanger Assemblies — P/N 204-040 600-9
S/N ’s - A20-].1446*

A20-26745
A20 —31225
A20 -37362
A20-4339 1
A20—49549
A20-64495
A20 —64906
A20—67523 *

The results of these inspection s are as follows :

42° Gearbox - P/~ 204-040-003-37

Gear h ousing 1/BBB-958

One Prior Overhaul

Usage since new - 487 hours

Usage since overhaul - 22 hours

* These items covered previously in letter 8i :~ VC :dc-l291
to Mr. Bob Stenbcrg .
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Page 2
March 6 , 1974
81:WDN:dc—1365

Input Gear #A015 - Pattern low .~and towards heel.

Input Outer Ball Bearing #3978A - No defects.

• Input Inner Ball BearingS #3978A - False brinelling marks
on outer race - One ball with scratches.

Input Roller Bearin g #144562 - Radia l scratches on rollers .

Output Gear #A006 - Pattern towards heel.

Output Outer Ball Bearing #4337A - False brinelling marks.

Output Inner Ball Bearing #4337A - No defects .

Output Roller Bearing #144128 - Some scratches .

• 42° Gearbox - Par t No. 204-040 -003-37

Gear Housing #AJ3B-2667

No Prior Overhauls

Usage Since New - 1042 hour s .

Usage Since Last Installation - 1042 hours

Input Gear #33446-9 - Acceptable pattern .

Input Outer Ball Bearing #85065 - False brinelling marks .

Input Inner Ball Bearing #85065 - False brinelling marks .

Input Roller Bearing #214665 - Some slight scratches.

Output G ear #33347-10 - Acceptable pattern .

Output Outer Ball Bearing #85263 - One small pit and one
small scratch .

Output Inner Ball Bearing #85263 - One small pit in inner
race.

Output Roller Bearing #214701 - No defects.

—
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March 6, 1974
81:WDN:dc-l365

420 Gearbox - Part No. 204-040-003-37

Gear Housing #B13-3800

One Prior Overhaul
Usage Since New - 1893 hours

Usage Since Overhaul - 569 hours

Input Gear #6332 - Pattern low and towards heel.

Input Outer Ball Bearing #63226 - Small pits.

Input Inner Ball Bearing #63226 - Small pits.

Input Roller Bearing #143366 - Few small pits.

Output Gear #2590 - Pattern towards heel (Figure 7).

Output Outer Ball Bearing #27 184 - Small pits and scratches.

Output Inner Ball Bearing #27184 - Few small scratches on
balls.

Output Roller Bearing #108087 - Small radial scratches on
rollers .

42° Gearbox - Part No. 2O~4 06O -O03-37

Gear Housing #B13-2582

• Two Prior Overhauls

Usage Since New - 2103 hours

Usage Since Overhau l - 1253 hours

Input Gear #7089 - Pattern too far towards heel.

Input Outer Ball Bearing #5936H - Some pitting .

Input Inner Ball Bear ing #5936H - Spall on inner race
(Figure 1).

• Input Roller Bearing #2202 - Some pitting . 

-. •_- --• •~~~-~~~~• , - -_~--—~~~~- — - --~~



• Page 4
March 6 , 1974
81:WDN :dc—1365

• Output Gear #7256 - Pattern hijh and towards heel, scoring
on addendum tip of heel (Figure 2).

• Output Outer Ball Bearing #60181{ - Scratches and pits.

Output Inner Ball Bearing ?fr6O18H - Scratches and pits.

Output Roller Bearing #100394 - Some small pits .

42° Gearbox - Part No. 204-040 -003-37

Gear Housing #ABI3-llOJ.

Two Prior Overhauls
Usage Since New - 1725 hours

Usage Since Overhaul - 148 hours

Input Gear #27427 - Pattern low.

Input Outer Ball Bearing #56073 - Small pits.

Input inner Ball Bearing 1/56073 - Few pits.

Input Roller Bearing #210073 - Few pits.

Output Gear #2782 1 ~ Pattern too high and too far towards
toe (Figure 6).

Output Outer Ball Bear ing #56775 - Corrosion and pitting
throughout bearing (Figure 5).

Output Inner Ball Bearing #56775 - Corrosion and pitting
throughout bearing (Figures 3 and 4).

Output Roller Bearing #209959 - Radial scratches.

42° Gearbox - Part No. 204-040-003-37

Gear Housing #ABB-060l2

No defects were found. 



r •.—~~~~~~~~~~~~~~~~~~~~~ W~~~~~~~~~~~~~~~~~~-- ~~~~~ -••~~~~~~~~ •~~~~~~~~~~~~~~
.

_,~~~~~~~~ 
S

Page 5
March 6 , 1974
81:WDN :dc-1365

t Hanger Assembly — Part No. 204-040-600-9 .

Serial No. A20-11446

No defects were found.

Hanger Assembly - Part No. 204-040-600-9

Serial No. A20-67523

No defects were found.

Hanger Assembly - Part No. 204-040-600-9

Serial No. A20-64906

No Overhauls

Usage Since New - 601 hours

Usage Since Last Installation - 427 hours

Outer Race - Pitted areas frotn corrosion (Figure 14).

Inner Race - No defects.

Balls - Corrosion with one ball pitted.

Hanger Assembly - Part No. 204-040-600-9

Serial No. A20-64495

No Overhauls

Usage Since New - 427 hours

Usage Since Last Installation - 427 hours

Outer Race - Corrosion and pitting (Figure 11).

Inner Race - Corrosion and pitting.

Balls - Corrosion on several balls (Figure 10).

-A-?- 
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81:WDN:dc-l365

Hanger Assembly - Part No. 204-040-600-9 •

- 

• 

Serial No. A20-37362

One Prior Overhaul
‘Usage Since New - 2549 hours

• Usage Since Overhaul - 501 hours
• Usage in Last Installation - 501 hours

Outer Race - Few areas of very light pitting.

Inner Race - Few areas of very light pitting’.

Balls — No defects.

Hanger Assembly - Part No. 204-040-600-9

Serial No. A20-31225

No Overhauls

Usage Since New - . 703 hours

Usage in Las t Installation - 403 hours

Bear ing rotated roughly before teardown .

Outer Race - Corrosion areas with pitting (Figure 17).

• Inner Race - Corros ion areas with pitting (Figure 18).

Balls - Corrosion areas with pitting (Figure 16).

Hanger Assen~bly - Part No. 204-040-600-9

Serial No. A20-43391

No Overhauls

Usage Since New - 788 hours

Usage in Last Installation - 488 hours

• -A-8-
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• 81:WDN:dc—1365

Outer Race - Corrosion and pitting (Figure 13).

Inner Race - No defects.

Bails - One ball with corrosion (Figure 12).

Ha~&er Assembly - Part No. 204-040-600-9

Serial No. A20-49549

Time Change - 600 hours

Outer Race - Corrosion and pitting (Figure 9).

Inner Race - Corrosion and pitting (Figure 8).

Balls - Corrosion on several balls.

Hanger Asseniily 
- 

Part No. 204-040-600-9

Ser ial No. A20-26745

No Overhauls

Usage Since New - .2970 hours .

Usage in Last Installation - 403 hours

Outer Race - Corrosion with p itting (Figure 15).

Inner Race - No defects.

Balls — Corrosion with pitting.

• 
~~~~ ~~ ~~~~~~~~~~~~~~~~~~~~~~~~

W. D. Nichols
Transmission R & D Lab
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