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STABILITY OF AIRCRAFT GREASES 

INTRbDUCTION 

During and inrtnediatelg follaWi.ng  World War II a conaiderable rnmiber of the com- 
plaints s~hich xere brought to the attention of aircraYt raanuPacturers centered 
about ths loss of lubricant from shielded~ anti-iriction bearings. These bear- 
ings were of'ten so located in the aircraft f~ame as to be sub3ected to rather 
unfavorable operating envirounents~ such as driving rain and high temperatures. 
However, mar~ failures also occurred in comparative]y well profi,ected bearings 
operating, norulal~,p~ under conditions o~ lo~ load and slo~r oscillatory motion. 
T he evidence indicsted that the necessity for speci.fying greases Which ironld 
perform uader the various climatic eonditions of the different theaters of war 
had resulted in the aacrifice of certain stability characteristics. Thus it Was 
that when the emphssis changed from military to commercial applieations~ and long 
lubricant life became of ma~or importance~ the ahortcomings of the products designed 
to meet the earl,y AN specifications ~rere revealed. The service data available to 
the Cacrani.ttee Were~ unfortunate~y~ not as soecific aa was desired. Alsa~ detailed 
information as to the type and frequency of servicing and lubri.carYL history xas 
general~q lacking. In most of the bearings e gamined the initia7. cause of the failure 
Was ~bscured by the excessive~y deteriorated condition of the bearing. In the 
overall pieture~ hoxev~er~ it was apparent that loss of lubricant was a serious faetor. 
Whether this loss resulted from disinfi,e~ation of the grea8e structure~ from separa- 

~ 	tion or evaporation of the oiI component~ or from mechanical reinova], by Water i  steam~ 
~ 	or air~ ~as genera].~y a matter of con~ecture. One aspect of the problem~ i.e.~ the 

stability of the lubricant~ was a characteristic sub~ect to measurement and control 
and~ t2~arefore, becemne a part of th~e S-5C Conmiittee irreestigation. 

It was believed that the primary factors to be considered could bs classified aa 
thixotropic changes in consistency~ oxi.dation~ oil separation~ and oil evaporation. 
Of these, the investigation oP thixotropy Was under imrestigation by an ASTM coentnittee. 
Pecanse of advancements made during the war years in ~he field of o~ridation inhibitors 
for ~ eases~ and the developm~ent of the Nonaa Hoffman Tes~ ~'rocedure, the nroblem of 
osddation appeared to be Well in hand. T he Committee~ therefore~ emphasized in its 
work the test methods concerned with oil separation aixl evaporation~ not only at low 
to moderate temperatures but also under hig~-temperature conditions of short duration - 
as migtYt be found in generator and cowl-flap bearings. 

Dvring the time that the Committee xork has been carried on~ rapid advancements ha~n 
been made by the peta~oleum indastry in greass manufacturing techniques. The overall 
qnality of lubricating products recoTarnended for aircraft today far surpasses that lrnoxn 
during the War years. As a result of these improv~meats~ the difficulties with un- 
stable ~reases have lat^ge],y been corrected and very Pew examples of bearing failures 
Nhich could be attributed to this source have come to the Committee~s attention dnring 
the last year. Specifically~ tY~s present-day requirements for evaporation and bleeding~ 
coupled with health~ co~npetition among the lubricarrt eup piisrs~ have resulted in tynes 
of greases of vast~►  i~proved resistanee to oxidation and separation. 
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STABILITY OF AIRCRAFT GREASES 

~
1. OB~: 

~ 

T he ob~ective of the work xas to investigate methods for evaluating the 
stability of greases xhich would correlate ~,rith performance in co~m ►ercial 
a~x'cI'a,ft. 

2. SIIMMARY AND OONCI,USIONS: 

The rn~incipal activities of the laboratory imrestigation on stabilily were 
directed along the lines of testing oil separation and evaporation at moderats 
and at high temperatures. 

2.1 Oil Separation at Moderate Temperaturesz A znunber of inethods were screened. 
e t e -- met s owed correlation with field data, a proposed 

cerYtrifuge test procedure indicated better correlation and excellent repeat- 
ability; it was therefore chosen for further stuc~. To extend the base li~e 
for evaluating correlation beyond tY~e rather meager field data anail.able~ the 
Coirmdttee members individually reported separation in the saanples of Co~nittee 
greases retained by them for periods bf a year or more. A considerable varia~ 
tion in the results reported indicated that the conditior~ of storage played 
an important part in influencing this characteristic. Comparison of the cen- 
trifuge test results ~rith the consensus ratings assigned to the individually 
stored samples sho~wed no improvement in correlation ov~er that obtained s~i.th 
the AN-G25 method. More recent],y a new test has been described by S~m.i.th~ 
Arnott~ and McLennan in "The Institute S~okesman" (Vol XIV No. h, Jul,y 1950). 
An exhaustive study of the applieabilits of this method to commercial ai.rcraft 

~ 

	

	 greases has not been made bnt prel3.minary Work shows it to have considsrable 
promiae. A more thorough stuc~r ia reco~mmended. Lacking evidence of a clear 
superiority of ar~►  of the methods irxvestigated over that described in AN-(3-25~ 
the consensus of the Committee is that no change in the current practice should 
be recomnendsd. 

2.2 Eva orationr By modification of the AS~ +! Evaporation Cell Method, the Committee 
hope ~velop a combination bleeding and enaporation test for both moderate 
and high temperatures. The procedure consisted of using ~ packed SKF 201~ bearing 
as the sample container and measuring both percen~ oP separated oil and percent 
evaporated at various temperatures and eombinations of temperatures. The repro- 
ducibility oP , the proposed test was found to be unsatisfactory and af'ter furthar 
investigation the Commi.ttee reca~nmended that AS~I D972-48T be reported as tY~e 
most satisfactory evaporation test to come to its attention and~ also~ that the 
evaluation of oil separatioa be covered by separate test methods. 

2.3 Separation at High Te eratures; T he Co~nittee believed that methods of comparing 
res s ance o greases 	separation under short-time~ high-temperature condi- 

tions should be i»evestigated. An 9N-G-25 type af cone and holder xas employed and 
temperatures were controlled by using both a forced draft oven and an AS~i Evapora- 
tion Cell. The w~ork shoWed that at temperatures approximating 3a0F and above very 
large differences existed in the greases under exaiaination. T hese differences were 
so large~ (ranging from 0.8 percant for the best to 89 percent for the Worst) that 
ttye effects of time and temperature ~rere somewhat overshado~,red. These important 
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eariables~ hoWever~ xovld have to be carefully controlled in standardiziag 
this or a similar test~ and the Cosmnittee suggests that thia standardization 
could profitab]y be the sub~ect of fnrther irnrestigation. In ite preseat 
rough form the procedure is adsq~ate as a quick~ practical~ "go or no-go" 
test for high temperature stability. 

3. DISCUSSIONs i 

3.1 Grease Sa~pleas The characteristica of the test greases under e~nination 
are sho~m in Table I. 

3.2 Se aration at Moderate Temperaturess The follaxing factors ~ere considered 
o 	posa e cont u ra 	cle~ee of separation. 

1• Canposition~ inclu~ng both ingredients and method of manufacture 
2. Chemical and/or pt~p►sical changes in ~ease structure 
3. 7bmperature and temperature fluctuation 
I~. Pressure 
5. Relative area and condition of the grease sur~ace 
6. Vib~ation 
7. Filtration 

Ar~r separation test proposed must~ per se, be designed to evaluate the influen~ce 
of ch,anges in chsmical and/or pY~p~sical strwcture and in co~aposition. A literature 
search shaWed that other xorkers in this field have established that pressures 
up to 3~~ Psi have no effect on canfiued greases. On the other hand~ if there 
exists an avenue ef escape for the oil component then even lofr presanres~ by 
e~rting a filtratiou efPect~ r~rill aid in separating the oil fram th~e soap base. 
HoWever~ thia filtration effact~ whether brought about by preasure or by the capil- 
laritq of the filter meditan~ was deemed eatraneous to the problean under stuc~ in 
that it introdn~ced factors not r~naal~y found in converitional storage; and~ for 
that reason~ this factor Was imrostigated on]y brief~r. The effects of vibration 
were studied by tiro members of the Ca~ai.ttee~ using apparatus desi~ed to simulat~ 
the repeated ~arring shocks as8ociated ~rith railroad transit~ and no noticeabL 
effect on bleedin~ characteristics of the teat greasea was observed. 

With regard to the other factors listed above, of the varioue methoda stwdied ia 
the pr3mary irnrestigation~ one based on the use oP a centrifltge appeared to otier 
the most promise. The effecta of surface area~ depth of semaple~ temperature~ 
relative centritngal force~ and time xere imrestigated. It xas Yound that ~rithin 
the ].indts imposed by the equipnent~ the depth of the ssmple influe~ced the percant 
of bleeding marked~y betWeen the rar~geB of 1/2 inch to 2 inches~ but above 2 
inches had very littla effect. Increases in surFace area~ in temperature~ in force~ 
and in time, all resulted in iaereased pereentages of free oil. Finally a pro- 
cedure which gave good repeatability and Whieh ~as not too ardnous fl~om the stand- 
point of time and equiFa ►ent requir~nents ~as adopted for Purther xork. This method 
has been d,escribed in AS'!NI Special Technical Publication No. ~8-5 (19~8). ~ 
correlation with data on storage and~service stability which had been supplied the 
Committee soon after its organizat3on~ was fair. However~ in the intervening 
months~ samples of all the greases had been distributed to the Committee member$ 
and had been stored under various conditions which in the ag~egat~~ siere thought 
to represent a fair oroas section of average condi~ions in the tield. Each member 
~as asked to exami~ the samplea in his possession and to report on their history 
and the amount of free oil found in each container. 

,~ 
~ 

, ,\ 

~~ 

-2- 

Full document details: SAE AIR41

http://www.avadocuments.com/doc/sae-air41
http://www.avadocuments.com/doc/sae-air41

