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SUMMARY

Hiig ) i i ~s Helicopters has conducted tests to evaluate the effectiveness

of MCG-68-63 heavy load , anti-wear grease in the  OH-6A and 011- 58

tail rotor transmissions and to test a fail detection system installed

on the OH-6A tail rotor transmission .

Two Oll-6A tail rotor transmissions were spectrum load tested for 200

I hours each . Temperature measurements of the bearings , case , and

gear teeth for the grease-filled transmission were hi gher than those

I obtained with oil as a lubricant . A no-load dynamic torque test

for the transmission which was filled to 98 percent of grease capacit y

revealed the torque to be approximately four times the value demon-

( strated when the transmission was filled with oil.

( The 011-58 transmission was spectrum load tested for 50 hours. The

tt~st results were similar to those obtained with the OH-6A transmission ,

[ except that the temperature changes were less. Excessive wear and

scoring of the 011-58 transmission gear teeth was noted as a result of

the test.

The fail detection system was tested using MCG-68-63 grease in the

I OH-6A t ransmission . The system , as tested , did not reliabl y disp lay

the induced failure modes simulated in the test.(
The MCG-68-63 grease may be an acceptable lubricant for the tail

rotoc transmission. An advantage realized for war-time operation

is the slow rate of grease loss through a hole approximatel y 3/4 inch

in diameter enabling at least a one hour “get-home ” capability . H

-- 
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The work documented in this report  was perfo rmed by Hughes Helicopters ,

Division of Sumiua Corporation , Cu lver C ity, Cal ifornia for the U.S.

Army Aviation Systems Command , St. Louis , Missouri under Delivery

Order No. 0019 of OH-bA Engineering Services Contract DAAJOl-7O-A-9324(P2O~).

The tests were accomplished at the Hughes Helicopters Structures Test

I,aboratory , from September 1972 through February 1976.
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iNTRODUCT ION

OBJECTIVE

Hughes Helicopters  has conducted tes ts  to evaluate the effectiveness of

MCG-68-63 heavy load, anti-wear grease in the OH-6A and OH-58 tail rotor

transmissions and to test a fail detection system installed on the OH-6A

transmission.

TEST SPECIMEN
Testing was conducted on two serviceable ON-6A tail rotor transmissions

(S/N 1271472 and S/N 883071) and one OH-58 transmission, P/N 206-040-400-9

(S/N ALO 55249).

MODIFICATION
The transmissions were modified as follows :

1. Thin sheet metal shields were installed at each bearing for the

grease tests.

2. Gear teeth of the OH-6A transmissions were vibro-honed to restore

the wear surfaces of the teeth.

3. Thermocouples were installed on all test transmissions.

GRE ASE

The 6 quarts of MCG-68-63 heavy load anti-wear grease used in the tests were
produced by Wright-Patterson ATh USAF Materials Laboratory and provided by
the U.S. Army Aviation Systems Command.

FAIL DETECTION SYSTEM

The fail-detection system was procured frc*m Technical Development Company,

Clenholden , Pennsylvania. The fail detection system consisted of a sensor

that was attached to the test transmission and a remotely located readout

panel.

_  
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DISCUSSION

TEST SETUP
The test fixture held the transmission in opera t ing  pos i t ion  and was

capable of apply ing torque , spectr~mI load ing, add itiona l cooling

and constant input speed. See Appendix A for test setup details.

TEST PROCEDURE

The tests were first run with MIL-L-23699 oil in the transmission in

order to establish a baseline for comparison (see Table 1). Then the

transmissions were cleaned , modi f ied , and pa cked with grease. Details

of the test procedure used to evaluate MCG-68-63 grease in the OH-bA

and 011-58 transmission are as described in Appendix A.

Spectrum Load Tests

The first OH-6A transmission was filled approximately 30 percen t of

capacity (0.32 pound) with grease and the loads in Table 1 were applied.
Test grease was added period ically in an attempt to reduce temperatures.

A 200-hour spectrum load endurance test was commenced with the trans-

mission grease at 53 percent of capacity (0.57 pound). Loads of

Table 1 were app lied. Seven times during test operation the tempera-

ture cutoff switch was activated. Each time , after cooling to ambient ,

the test was resLmmd.

At the conclusion of ~he 200 hour tes t , the transmiss ion was tes ted

j another 20 hours with grease being added to maintain a 33°F temperature

band within the range of 61
0 

to 109°F above ambient . The transmission

contained 98 percent capacity of grease (1.050 pounds).

The second ON-6A transmission was filled wi th grease to 98 percent of

capacity (1.050 pounds) arid a 200 hour spectrum load test was conducted.

Three times the temperature cutoff swi tch was activated. Crease which

S
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Table 1. Test Parameters

Lubrication! Load Input Output Time per Cycle
Tail Rotor RPM
Transmission RPM Torque HP Minutes Percent

~ype ( lb - in . )  (approx) (approx)

Oi l
OH-6A Low 2046 3020 264 13 28.6 53

Inter 2046 3020 436 21 21.6 40
High 2046 3023 648 31 3.8 7

54.0 1007.

014-58 Low 6019 2560 394 16 28.6 53
Inter 6019 2560 640 26 21.6 40
High 6019 2560 1538 62.5 3.8 7

54.0 1007.

Grease
OH-bA Low 2046 3020 264 13 28.6 53

I n t e r  2046 3020 436 21 21.6 -#0
Hig)i 2046 3020 648 31 3.8 7

54.0 1007.

011-58 Low 6019 2560 394 16 28.6 53
I n t e r  6019 2560 640 26 21.6 40
Hig h 6019 2560 1538 62 .5  3.8 7

54.0 lOO~

had exuded from seals was rep laced and the test cont inued  to

complet ion.

A pr essure transducer was attached to the transmission and a 20 hour

period of testing revealed a continuous 3 to 5 psig internal pressure .

The grease which had exuded was 0.037 pound. This grease was rep laced ,

the drain plug removed , and testing resumed. In one hour the grease

loss was 0.044 pound.

The 014-58 transmission spectrum load test was begun wi th grease at

approx imately 50 percent of capacity. Test grease was added periodi-

cally to maintain temperatures at no more than 190°F above ambient.

Test details are descrihed in Appendix A.

- - -—
~~ 
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n_~~i~~~~~r~~~e Test

The second OH-6A t r ansmiss ion , wi th  1.050 pounds of grease , was p laced
in a t es t  se tup and no-load dynamic torque was measured at the input

shaft . The transmission was voided of grease , 0.40 pint of oil was

add ed , and the test procedure was repeated.

Fai l  De tec t ion  System Test

A fail detection system was installed on the second OR-6A transmission ,

which was filled with grease to 98 percent of capacity (1.050 pounds).

The transmission was subjected to induced failures such as installing

scored and spalled gears and damaged gear teeth , and introduc ing coarse
sa~ chips. Temperatures were increased by turning off the cooling

blower.

TEST FINDINGS

Spectrum Load Tests

During spectrum load testing of the 011-6A, temperature measurements of

the bearings , case , and gear teeth for the grease filled transmission
were hi gher than those obtained with oil as a lubricant. Gear teeth

temperatures were significantl y higher in the transmission filled to

53 percent of grease capacity than in the one filled to 98 percent of
grease c a p a c i t y .  A one hour  spectrum load tes t  conducted on the OH-bA

transmission, f i l l ed  to 98 percent of grease capaci ty wi th the dra in

p lug removed , resulted in a 0.044 pound (4 percent) grease loss and a

slight decrease of temperature.

The 011-58 spectrum load test  resul ts  were s i mi l a r  to those ob ta ined  wi th

the OH -bA t ransmiss ion, except that the t empera tu re  changes were less

than those experienced itt the O}1-6A spectrum load t e s t s .  Excess ive  wear

and scoring of the 011-58 transmission gear teeth was noted as 8 result

of the  t e s t .

T e m p e r a t u r e  compar isons  of the OH-6A and 011-58 are shown in Fi gures 1 and 2,

r~’spec t  ive ly .  Tes t  r~~s~i I t s  are d e s cr i b e d  in mer e  d e t a i l  in Append i x  A.

7
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~~~~~mic  Torque Test

A no-load dynamic torque test for the OH-6A transmission , filled with

greas e to 98 perce nt of capac ity, revealed the torque to be approximatel y

four times the value demonstrated when the transmission was filled wi th .1
oil (Figure 3). Test results are described in detail in Appendix A.

i~~i2~~

0 500 1000 1500 2046 (100%)

INPUT SHAFT RPM

o WITH 1.050 LB MCG-68-63 GREASE L’~ WI TH 0.40 PT MIL.L-23699 OIL

Figure 3. OR-6A Transmission No-Load Dynamic
Torque - Grease versus Oil

Fail Detection System Test

The fail detection system , as tested , did not rel iably disp lay the

induced failure modes simulated in the test , except that the temperature

warning light was satisfa?ctory . Test results are detailed in Appendix A.

S t a b i l i t y  Time and Tem~~ ra ture

Ten to 15 minutes were required for temperature stabilization of both )
the oil and the grease.

10 
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Gearbox Inspection

The 011-bA gear teeth appeared to be well coated with grease as was the
roller bearing on the inboard end of the output gearshaft . The seals

on both shafts appeared to have significan t wear. The 011-58 gear teeth

surfaces showed cons iderable wear and scoring ind icating that the grease

was pushed out at contact points. Crease discoloration was very evident.

Higher temperatures apparently caused no thermal damage. See pho tographs
in Appendix A.

MODIFICATION DESIGN S

Sh ields

Thin sheet metal shields required at each bearing are shown in Figures

4 and 5 for the OH-bA and 011-58, respec tively. Detail  sketches of the

shields are in Appendix B. Assembly and disassembl y of the 014-58

shields required shop aid tools. Detail drawings are found in Append ix B.

Thermocouples

Thermocouples were instal led for tes t ing as fol lows :

1. Ott the  inboard end of two teeth of the output  gear

2. As near  to the outer  race of each bear ing as prac tical
3. On the ou t s ide  of the housing itt the v i c i n i t y  of each bear ing

4. In the lubr ican t  near the inpu t  gear by the drain plug .

Locations of thermocouples are shown in Figures 4 and 5 for the OH-bA
( and 011-58, respectively.

Cover
The 011-58 requi red a cover in order to retain the grease during test.

Location of this cover is shown in Figure 5 and the detail drawing is

in Appendix B.

Fail Detection

Instal lation of the fail detection system requires modification to the

OH-bA transmission housing as shown in detail d r a w i n g s  in Appe ndix  B .

11 
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CONCLUSIONS

The substitution of MCG-68~-63 heavy load , anti-wear grease for the

MIL-L-23699 oil now used is acceptable as a lubricant in both the

OH-6A and the 014-58 t a i l  rotor  t ransmissions. However , both trans-

miss ions  would have to be modi f ied  to a greater extent than they were

for the test.

The shaft seals on both the O}1-6A and the OH-58 leaked throughout the

test at a rate of about 0.037 pound per 20 hours. The grease loss is

not significant but deposits of grease around the shaft seals , drive

coup lings , and swashp lates would be undesirable in that there would be

an add i t i ona l  a t t r a c t i o n  of abrasive par t ic les , thus  a cce l e r a t i ng  the

wear  of d r ive  components adjacent to the transmissions . Also , the

breather on the OH-6A transmission would have to be redesigned as there

is a constan t undesirable internal pressure of 3 to 5 psig.

When p acked to 98 pe rcen t  of the housing capacity, the OH-6A transmission

i n t e r n a l  t e m p e r a t u r e s  s t a b i l i z e d  in the normal operating temperature

range of 38° to  110°F above ambient. However , the grease that had leaked

through the seals had to be rep laced three times during the 200 hour test

in order to keep the temperature within safe parameters below 110°F

above ambient temp~ rature. From past experience , it has been learned

that t emperatures e~cceeding the 110
°F above ambient may cause accelerated

wear to the gear teeth , and if the temperature is allowed to exceed 228°F

above ambient ininediate thermal damage will result.

The average inc rease in temperature of the OH-bA transmission when using

MCC’.-68-63 grease over the MIL-L-23699 oil is 83 percent when the trans-

mission is packed within 98 percent of its capacity. When the t ransmission

is packed to 53 percent of its capacity, there is a 15 percent rise in

temperature on all parts of the transmission except the gear teeth. This

t~ -~’~perat ~re becomes div t r~ ent as the 31 h s r c ~’p ‘wt- r level is approached.

14
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The average increase in tempera ture  of the OH-SB t ransmiss ion , i n c l u d i n g

gear teeth temperature , increased 76 percent when the transmission was

packed with MCG-68-63 grease instead of MIL-L-23699 o i l .

The OH-6A no-load torque values  increased from 2 . 2  to 7.0 pound-inches

at an input  s h a f t  rpm of 500 and from 3.75 to 14.8 pound-inches  at 2046

rpm when replacing the MIL-L-23699 oil with MCG-68-63 grease.

The fail detection system, when used with grease , proved to be unable to

I detect metal chips from gears tha t were purposel y damaged and was unrel iabl e

even when 0.5 gram of gear chips was introduced into the transmission.

The use of MCG-68-63 greas e wou ld a l low a one ho ur “get-home ’ capab ility

1 should the bottom of the case be punctured with a hole approximatel y 3/4

inch in diameter , as there was a loss of on ly 0.044 pound of grease in

this time and the internal temperatures dropped 15° to 20°F as the internal

pre ssu re was released .

I

1
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APPEND iX A
REPORT NO. 369-BT-1434

TAIL ROTOR TRAN SMISSION GREASE EVALUATION

AND FAI L DETECTION SYSTEM TEST
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SUMMARY

Tests were conducted to evaluate the e f fec t iveness  of MCG— 68— 63, he avy

load , ant i—wear  grease in the OH—6A and O}i-58 tai l  rotor  transmissions

J and to test a f a i l  detect ion system instal led on the OH— 6A t ransmission .

Two OH—6A tail rotor t ransmissions, w i t h  vib ro honed gears (53 percent

and 98 percen t fu l l of grease) were spect rtun load tested f o r  200 lx urs

each . All bear ing,  ease and gear tee th  t emperatures we re hU .her than

those obta ined w i t h  oil as a lub rican t and the gear teeth t emp e ra tu r e -

in the t ransmiss ion  tha t  was 53 percent  ful l of grease was s i g n i f i c a n t l y

hi gher.

A one hour  spect rum load test  wi th  the drain p lug  ren~ ved from the

OH—bA transmissIon resulted in a 0.044 potm d (4 percent) grease loss

and a sligh t de crease of tempe ratures .

No—load  dynami c torq ue tests revealed the torque , w i t h  greas e in the

t ransmission , to b e app roximately four  tisEs that  wi th  oil.

A f a i l  detection sys tem was tested using MCG— 68— 63 grease in the OH— bA

transmission. The sys tem , as tested , did not rel iably display the

induced f a i l u r e  mode s simul ated in the test.

) The OH-SB t ransmission was spec trum load tested with 2 .20  lbs. of

MCG—68—63 grease for 50 hours. The test results we re similar  to

those obtained wi th  the OH—b A t ransmission , except that the t empe ra tu r e

ch anges were less than those experienced in the OH— bA spectrum load

tes t s .  Excessive wear  and scoring of the gear teeth was noted  as a

resu l t  of the tests .

>
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1.0 INTROD U CIION

This report concerns a grease evaluation and fail detection

system test on the OH—6A and ON—58 tail rotor transmissions. These

tests  were conducted from Sep tember 1972 to Feb ruary 1976 in the

Hughes Helicopters ’ Structures Test Laboratory, Culver City ,

Californ ia.
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2.0 TEST OBJECT iVE

The objective of these tests , performe d on two OH—6A and one

OH—58 tail rotor  t ransmissions , was to (a) evaluate MC G—6 8—63 heavy

load ant i—wear  grease as a lub r i can t ;  (b) determine gre ase flow rate

f rom a ho le in the t ransmission housing; (c) compare the no—load

dynamic torque of grease versus oil ;  and , (d) test  a fai l  detection

sys tem installed thereon.

3.0 DISCtSS1ON

3.1 Test Specimen — Testing was conducted on two serviceable

369A5400—601 tail rotor transmissions (S/N 1271472 and

S/N 883071) and one OH— 58 t ransmission , P/N 206—040—400—9

(S/N ALO 55249). They are modified as follows :

1. Thin sheet metal shields were installed at each bearing

fo r  the grease tests  as shown in Figures 4 and 5.

2. Both gears of the 369A5400—6O1 transmissions were

vibro—honed to restore the wear surfaces of the teeth .

3. On all tes t  t ran smissions therim couples were Ins ta l led:

(a) on the inboard end of two teeth of the output  gear ,

(b) as near to the outer race of e ach bearing as pract ica l ,

(c) on the outside of the housing in the vicini ty of each

bearing and (d) in the lub rican t near the Input  gear by

the drai n plug.  The thermocoup le locations are show-n

in Figures 4 and 5. —

The MCG —68—63 heavy load a n t i — w e a r  grease used in the tests

was produced by Wri gh t Pat te rson AFB ’s USAF Mater ia ls

Laboratory and provide d by the U. S. Army Av ia t i on  Systeum

Command.
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The fa i l  de tec t ion  system procured from Techni cal Development

Company , Glenholden , Pennsylvania , consisted of a sensor that

a t tached to the test t ransmission and a remote located readout

panel.

3.2 Test Setup — The test setup consisted of the following :

1.. A f ixt ure tha t  held  the test trans mission in Its norma l

operating position.

2. A hydraulic ~~ tor , attache d to the input shaf t  of the

test transmission by means of a mechanical speed reducer ,

that maintained a constant input  sha f t  speed.

3. A b e l t — d r i v e n  hydra ulic pump , connected to the transmission

output  s h a f t , that  allowe d the req uired torque to be

applied.

4. A progran~~ d relief valve , down strean of the hydraul ic

pu mp ,  that  p rovided the require d spectrum loading to be

applied to the transmission.

5. A large air blowe r , directed at the tes t t ransmiss ion,

to maintain the stabilized temperatures , with oil , less{ than 120°F above ~~bient.

6. In s t rumen ta t i on  to monitor the input sha f t  speed , app lied

( torque , and the rmocouple temperatures .

3. 3 Test Procedure

3. 3.]. OH— bA Transmission — The OH— 6A t ransmissions each

conta in ing  0.40 pint of MIL— L—23699 oil , were

Ins t al led one at a t ime in the test  se tup and were

rLm at  load levels show-n in Fi gure 1 to ob ta in  the

s t a b i l i z e d  t empe ratu r e s  f o r  comparison w i t h  those of

the gre ase. A i r  cool ing ,  p rov ide d by a l a r g e  b l o w e r ,

w -~ rs dded tc m aintain all t en I p er at u r e~ ]~~.-~- r  t h an

120 °F ~~-~~va ~~~ ent. ~ l a~~ e r spc-~ d T a  i~ .d n~ ti a a . I T S t  ant

(2 6. ~a f~ / - c r Va ’ a I ty )  f a i r  ~-il I ‘-~n~ ~a i - s t  I ‘-~~~

r~ - - - : a - -  i . -~~’~- 
— 
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After obtaining the stabilized temperatures with oil

the transmissions were remove d from the tes t setup ,

disassembled , and cleaned. Shields were adde d to the

bearings . The bearings were packed with MC G— 68—63

grease and the t ransmissions were reassembled.

The f i r s t  t ransmission (S/N 1271472) to underg~ tes t ing

was filled approxi mately 30 percent full with the test

gre ase and ins talled in the test setup . Spectrum loading

was commenced. Test grease was added periodi cally ,

during the f i r s t  few hours of test ing , in an at temp t

to reduce the output gear teeth temperatures which

we re e r ra t ic  and well above the o ther  temperatures .

A 200—hour spect rum load endurance test was commenced wi th

0.571 pounds of tes t grease in the transmission (53 a 
—

percent full). All recorded temperatures , excep t the
gear teeth , remained in a 36°F ban d that  varied between

18° and 76°F above ambient. Temperature of the output

gear teeth varied between 710 and 228 °F amb ient .  Seve n

times during the test a tempe rature cu tof f  switch , set

at the upper limi t , was activa ted by the gear teeth
temperature and the test was restarted each time a f t e r

cooling to ambient tempe rature .

At the conclusion of the 200—hour test , addi t ional  grease

was added until all temperatures  remained in a 33°F

band tha t  varied from 610 to 109°F above amb ien t , and

t e s t ing  was resume d f o r  ano ther  20 hours . The trans—

mission contained 1.050 poun ds of the test  grease (98

percent fu l l ) .

0
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A 200—hour spe ctrum load test was then conducted on the

second OR— ÔA tail rotor transmission (S/N 883071)

containing 1.050 pound (98 percent full) of the test

grease. Al ]. recorded temperatures remained in a 50°F

band that va ried between 38° and 110°F above ambient.

Three times during the 200—hour test the output gear

teeth temperatures exceeded their normal runnin g

temperature (107°F , 147°F and 147°F above ambient).

The test was stopped each rime and grease was observed

to have exude d from the shaf t  seals . The first time

this occuried , the output  shaf t  seal was replaced wi tL

a new seal but the grease continued to exude from the

seal . The amount  of grease los t each time (0 .042 , 0.025

and 0.095 pound)  was adde d to the transmission and

testing res~~~~d wi th  the output  ge ar teeth re turuing to

their  norma l operating temperature.

A pressure  transduce r a t t ached  to this t ransmiss ion fo r

a 20—hour period of testing revealed a continuous 3 to

5 ps ig  inte rnal pressure .

{ The 0.037 poun ds of gre ase that had exuded from the sha f t

seals at the end of the 20—hour test was added to the

t ransmission, and it was subjected to an additional two

hours of testing. The drain plug was removed for  the

second hour of this test resulting in a loss of 0.044

poun d of grease. ApproxIma t ely 80 percent of this

quant?ty was ejected , under pressure , upon removal of

the drain plug. All temperatures were observed to drop

15~ to 20°F with the drain plug removed, rema in ing between
42° and 72°F above ambien t th roughout  this hour .

Both t r a n sm i s s i o n s  we re d i s a s s e m b le d  and i n spec t ed

f o f l a ~~~ng the  above t e s t s .  F n ~~~ngs ar c  r c j a a ’  r t e d  in

the T i -s t  F -- ~ sa l I a fl c r i 1  S S / ) I  a r t .

í a  Ill V 12/75 25
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The second transmission (S/N 883071) was reassembled .with

1.050 pounds of the test grease installed and placed in

a setup to measure the no—load dynamic torq ue at the input  a

shaft. Following this , the transmission was cleaned and

0.40 pint of MIL—L—2 3699 oil was installed and the same

procedure repeated. The no—load dynamic torque with

grease was appro ximately four  times that obtained with

the oil (see Figure 2).

A fail  detection system, supplied by Technical Development

Comp any of Glertholden , Pennsylvania, was installed and

tes ted on the second transmission wi th  1.050 pounds of

MIL—G—83363 grease installed therein , a

A f t e r  20 hours of spectrum load testing the transmission

gears were replaced with a set that  was sco re d and spelled.

Af te r  testing an additional eight hours , with no indication

of fai lure1, the output gearshaft  was removed and seve ral

gear teeth were purposely dama ged.

Alter  testing an additional eight hours , with no indication

of gear teeth fa i lure, 0.5 gram of coarse saw chips ( f rom

another OH—6A output  gearshaf t )  were introduced directly

above the input gear. Wi thin 30 seconds a f t e r  approximately

50 pe rcent of the chips were in t roduced , the chip warning

l ight  began to f l icker .  The remainder of the chips were

introduced resu l t ing  in sporadic and in te rmi t ten t  l i g h t i n g

of the chip warning l i ght  on the first four  threshold

levels during two hours  of spec t rum load tes t ing .

The tempera ture  warn ing  l igh t f e a t u r e  of the proposed fai l

de tec t ion  sys t em was s a t i s f a c t o r i l y  deia*~nst ra ted  a~n the

f i r s t  t h r e e  t h r e s h o l d  levels  by t eup o r~~r i ly  s h u t t i n g  o f f

the ai r  c o o l i n g  b l ower .  

- -
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I On one occasion during testing of the scored and spalled

gears , an temperature rise was recorded from the

the r~~~couples on the output gear teeth, howeve r , the
( fail detection system sensor in di cated a de crease in

temperature. After replacing the 0.037 pound of

1 grease that had exuded from the output shaft seal, the

- 
thermocouple and sensor temperatures returned to their

normal operating values.

Each time the required electrical power was applied to

I the fail detection unit , the chip warning light was

observe d to remain on at all threshold levels . This

ligh t would go o f f  a f t e r  3 to 15 minutes .

Modification of the elect ri cal c i rcu i t ry  corrected the
1 latter problem , howeve r, testing with a large r sensor

- (0.65 di ameter) revealed no s ignif icant imp rovements .

3 .3 .2 OH-58 Transmission — The test procedure outlined in the

) preceeding paragraph was repeated on the OH-58 t ransmission.

The specimen containing its normal capacity of MIL—L-23699

I- oil was installed in the test setup as shown in Figure 7,
( and was run at the load levels shown in Figure 3, to

( obtain the stabilized temperatures for comparison with

those of the grease. The specimen was then removed from
the test setup ,  disas sembled , and cleaned. The shields

I shown in Figure 5 were added to the bearings . The bearin gs
were packed with MCG—68— 6 3 grease and the spec imen  was

I 
- 

re assembled.

The transmission was fi l l ed  approximately 50 percent  full

with  test grease and was ins ta l led in the test setup and

was sub jec ted  to s p e c t ru m  l oa d i n g ,  as fo l lows :

>
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Output Time Time
Input Output Load Torque Output Mins. Percent

RPM RPM ~~~ c~ eum Lb. - In H .P .  App x . App x .

6019 25b0 Low 394 16 28.6 532

6019 2560 inter .  640 26 21.6 402

6019 2560 Hi gh 1538 62 .5  3.8 7%

54.0 1002

Test greasé~ was adde d pe r iodical ly dur ing the first few

hours of testing to reduce the output gear teeth

t empera tures  to no more than 1900 above amb ien t .

A 50—hour spectrum load endurance test was commenced

with 2.20 pounds of test  grease in the transmission.

Durin g the endurance test all reco rde d t empera tures,

excep t the gear teeth , varied be tween 20°F to 160°F

above ambient. The gear temperatures varied between
0 0

50 F to 190 F above ambient (see Figure 3).

3.4 Test Results

3. 4. 1 OH—6A Transmission - Removal of the gears from the OH-6A

t ransmissions , at the conclusion of the end urance tes ts,
resulted ih the following visual observations :

1. The gear teeth appeare d to be wel l  coated w i t h  grease

(see Figures 8, 10 and 12)

2. The ro l le r  bear ing  on the inboard end of the output

gear-shaf t  appeared to be adequately coated w i t h

grease (see Figures 8 and 10).

3. The seals on bo th sh a f ts appeare d to have s i g n i f i c a n t

wear.

0
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4. Crease discoloration was very evi dent , changing  from

ivo ry at the begi nning, to black (in the transmission

53 percent f u l l )  and to grayish olive drab (in the

transmission 98 percent full) at the con clusion of

testing (see Figure ~.0)

5. No signs of distress or othe r discrepan t observations

were apparent.

Use of the MCG—68—63 grease as a lub rican t resulted in

higher temperatures than when tested with MIL—L—23699

oil (see Figure 1).

A marked increase in gear teeth temperatures resulted

when the transmission was less than app roximately 98

percent full of the geease (see Figure 1).

Removal of the 3/4—16 threaded drain plug , for  one ho ur

of spectrun load testing, resul ted in a loss of 0 .044

pound of grease and a s l i ght  decrease in t emp e ra tu r e s .

Testing performed with the transmission approximately

t 98 percent f u l l  of grease resulted in an in ternal

housing pressure of 3 to 5 psig .

Ten to f i f t e en  minutes were required fo r  t empera tu re

s tabi l iza t ion fo r  both the oil and the grease.

No-load dynami c torque tests with the grease (98 percent

full) resulted in values approximately four times thrsa

with the oil (see Figure 2).

Introduction of 0.5 gram of gear ch ips with 1.050 pounds

of grease in the t ran ”rnission , resulted In sporadic and

fnt er m 1t t s~nt f l a s h i n g  of the “chip w~irning ” l i gh t on

the f a i l  d a - t ~~ c t i u n  s y s t e m .

‘ I - 
j~.
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Loss of 0.037 pound of grease from the transmission

resulted in an increase in temperature of the outp ut gear

teeth but a decrease in temperature was indicated by the

fa i l  detection system.

3 .4 .2  OH—58 Tra nsmission — Disassembly of the specimen at

the conclusion of the 50—hour spectrum test resulted

in the fol lowing observation.

1. The gear teeth and bearing surfaces and housing

cavities appea red to be adequately coated with a

grease (see Fi gures 15 and 16).

2. Grease discoloration from ivo ry to gray and black is
shown in Figure 16.

3. Considerable amount of wear and scoring was noted

on the gear teeth surfaces indicating that the

grease was pushed out at the contact points due to

excessively high test loads.

3.5 Conclusions — From the foregoing tests it may be concluded that:

1. The M CG—68—63 heavy load an t i—wear  grease may be an

acceptable lub ricant for the tail rotor transmission .

2. When the transmission is less than approximately 98 percent

full of grease , the gear teeth tempe ratures will increase
si ~~ if i cant 1 y.

3. Only a small a~~ unt of grease would be lost in one hour if

a finge rsize hole developed in the transmission housing.

4. The loss of a smal l amoun t of grease has little, if any,

effect on the transmission temperature s within an hour

after the loss occurs.

5. The current shaft seals permit the loss of grease.

6. The fail detection -4vsteTfl , as tas ted , does not reliably

alL-; pll y t he ’ 5 I m T .I 1 L ~ ‘a l  f - E I l a I S a ~ ~~la - 5 a f th e  U a i i ~~~.ii s iOn .
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~~~~~~~
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LOAD LEVEL (hp)~~-13 21 31 13 21 31 13 21 31
LUBRICANT ~ MIL.L-23699 O~L MCG-68-63 GREASE MCG-68-63 GREASE
OTY OF LUBE —

~~~~
- 0.40 PT 0.571 LB 1.050 LB

IN] GEAR TEETH TEMPERATURE RANGE

] ALL T EMP ER A T U R E S EX~ EPT GEAR TE ETH gt
~~~JT RPM: 3020

I A L L T EMPE RATURES INCLUDING GEAR TEETH

Fi gure 1. OH-6A Transmission Temperature Comparisons -

Crease versus Oil
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1~ Figure 2. OH-6A Transmission No-Load Dynam ic
Torq ue - Greas e versus Oil
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