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IpW TEMPERATUF~ TORQUE TEST F'OR AIRCRAFT GREASES 

.~ 
II+Ir RQDUC TION 

When extended flights at high altitude became possible~ it Was found that the 
increased friction caused by congealing of the lubricant would make essential 
mechanisms inoperati~e. It was found~ for inatance~ that the aircraPt control 
system Would become so stiff from the congealing of the grease in the cable pulley 
bearings that the pilot xas unabLe to proper~y maneuver the sircraYt. The prob- 
lem became acute early in World War II when high altitude banbers xere unable to 
open bomb bay doors or to control the sirplane for accurate bomb runs. 

Remedial action was quickly taken to develop greases capable of operating at laa 
temperatures~ and a specification (AN-G-3) ~ras drawn up to descri'be the desired 
properties. LoW temperature nerformancs Was controlled in this specification by 
a test in Which a 20lt~C bearing filled `rit~ the test lubricant Was cooled to the 
desired law temperature. The time to complete a fl~.11 revoltztion of the bearing 
aPter app~ring a specified torque xas recorded to indicate the suitability of the 
grease for low temperature use. In effect~ this procedure applied a constant 
shearing force upon the grease in the bearing and measured the time required to 
produce a specified aanoun't of shear. This method~ with modifications~ is still in 
use in the AN and MIL specifications and~ in general~ it has proved adequate Por 
specif~ring mini.m~ low temperature performance of greases. 

~om the ttier~point of the aircraft and aircraft component designer, the situation 
is not so satisfactory. As aircraft are being designed to operate for longer per- 

.. iods at very loW ambient temperatures~ it becams increasing],Y essential to be able 
to predict~ or calculate, the operating force required to overcorae lubricant drag 

.' 	in a given mechanism. T he airPraaae industry thus began expressing a desire for a 
test method Which would provide data on the lox temperature torque rssistance of 
greases which could be used in design calculations. A m thod which provided such 
information xas described in 1945 b,Y N1z'. D. H. Moreton~ l~. T his method applied a 
constant rate of shear to the grease-filled bearing and measured the torque required~ 
thus obtaining a test result which fulfilled the need of the airi'~came designer. 

In 191t6 Mr. C. H. Wiget (RePerence No. 2 appended) described an adaptation of the 
AHEC spindle and cold box~ as employed in specification AN-G-3a~ to measure the 
torque required at a constant rate of shear. 

~~rThen this ca~r¢uittee began the stuc~ of low temperature torque tests~ it was decided 
that the work should be directed towards improving and standardizing the method used 
by Mr. Wiget. To do this~ a series of cooperative tests were conducted by the two 
laboratories xi.th which the authors are associated. These cooperative studies (Refer- 
ences Nos. 4 and S appeniied) indicated that minor variations in the test technique 
could cause wide variations in the test resulta~ but consiatent results could be ob- 
tained by proper standardization of the equipment and technique. 

Certain airfraaae components are inoperative for extended periods during flight and 
thus become cooled to the ambient temperature, yet these mechanisms must 
be instant~y operative when needed. Manufacturers of such mechanisms have reported 
observing differences in the torque, or po~rer, required to nbreak away" different 
lubricants after the mechanism had been statically cooled, even though the running 
torque of ths various greases ~ere essentia].~y the satne. These manufacturers there- 
fore expressed a desire for a test method which soaked a grease-filled bearing at law 

temperatures and then measured the "break away f~ torque. 

~ 1~ SAE Preprint Southern Caiif. Section~ 8-2Lt-lt5 
"Problems Imrolved in Airfraare Lubrication" - D. H. Moreton 
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LOW TPMPERAT~ RE TORQfJE TEST FOR AIRCRAFT GREASES 

1. OBJECTIVE: The ob~ective of this investigation was to develop a test method 
for measurin g the resistance to rotation of a ball bearing, caused by the 
grease in that bearing, as a functian of temperature. LoW temperatures were 
of particular in terest, and it xas desired that the test results be expressed 
in tern►s which could be used in mechanism design liy proper correction for 
bearing size, etc. It was also desired that the method be capable of ineasuring 
"break away" as Well as the running torque of a bearing f311:ed with grease. 

2. SiJMMARY AND CaN CLU SIONS : 

2.1 The test method appended as Procedure A appears to be a reasanably accurate 
procedure for evaluating the lok•  temperature torque properties of greases. 
Relatively minor modi~cations to the standard ABEC spindle and AN-G-3a 
cold box equipment provide the necessary equipment and the results are 
expressed in terms usable for desi@i calculations. 

2.2 Bp changing the operating technique, ~ the same equipment and procedure can 
be easily adaptc-d to measure "break a~ra.y" or starting torque as well as 
running torque. Procedure B is appended to illustrate this tec2mique. 

2.3 In both of the above tests th~ selection of th e test bearing is critical. 
Bearing type, make, class of fit, and internal radial clearance must be 
specif~ ed. A preliminary screening of test bearings may be made by 

~ 	 me~suring the internal clearance (see described method), but the final 
selection, or standardization, of test bearings must be ba.sed upon actual 
torque measurements as described in Procedure B. 

2.1~ The technique of packing the test bearing with grease is important and the 
amount of grease must be specified. 

2.5 Use of Worked g rea~e for the test appears to give better reproducibility. 
However, the conditions cf working must be specified. 

2.6 After being packed.with grease~ the test bearing should be rotated only in 
the same direction as that in which the torque will be measu~ed. 

2.7 During the cooling period, the test bearing shoulcl not be disturbed except 
to make torque measurements. 

2.8 The Committee recommends that the methods contained in this report be 
sub3ected to further study by the proper ageneies with a view toward in- 
corporating the find3ngs of this innestigation into a standardized test 
method for measuring the low t~snperature torque characteristics of greases. 

3, DISQJSSION: As described in the Introduction, the airframe and airframe 
accessory industries have repeatedly expressed a need for a test procedure 
which would evaluate the low tesnperature torque characteristics of greases 
in engineering units usable in design calculations. The first method whi.ch  
provided this type of result was reported by Mr. D. H. M oreton in 1945. In 
this first method, a 20~ bearing filled with the grease to be tested was 

- 1 - 
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mounted in a cold box and cooled to the desired temperature. T orque Was then 
applied to the inner race of the bearing to produce a rate of rotatioa about 
2 RPM. A weight pan supported by a string wrapped around the shaft through 
the bearing was used to app],y the torque and the Freight required to produce 	 ' 
a rate oP rotation about 2 RPM. A weight pan supported by a string ~rapped 	 `' 
around the shaft through the bearing Kas used to app~r the torque and the Weight 
required to produee the dssired rate oP rotation Was the measu,red quantity or 
result. Althpugh this method ahoxed nruch promise~ the equipnent described xas 
not standardized and considerable operator skill was required to maintain the 
proper speed of rotation. 

In 19lt6, Mr. C. H. 4Jiget developed a modification to the standardized $pindle 
and cold bo~ used in the then current AN-~ -3a grease speeification Which is 
available in ma~ grease and equipnent laboratories. His modifications altered 
the specification test method by producing a fixed rate of rotation of the test 
spindle with a cradled Bodine rnotor an~d measuring the torque required. His 
report~ which is attached as Reference No. 2 hereto~ presents the ~diFications 
in more detail and presents test results on a nw~nber of ~eases using ttro spindle 
speeds. 

When the Committee undertook the stuc~ of low temperature torque testing methods~ 
it was felt that th~e above method was wort2~y of further study. A cooperative 
progra~n was therefore initiated by the two authors to further develop and refins 
the above method. 

The atLached Reference No. 3~ by Mr. C. H. Wiget~ nresents the resulte of stndies 
made duri.ng the ear~y stages of this cooperative stuc~. The tarque measuring 
device was altered to giae more accurate determinationa. It was during this phase 
of the develo~nent that it be~ame evident that selection of bearings would be an 
important factor in the correlation of resulta betw~een different laboratories. 	 ~~ 

~~ 
Reference No. ~t, by Mr. J. G. Carroll~ presents the reaults of preliminary studies 
made to imrestigate the effect of such factora as cooling rat~, individual spindle 
variations~ bearir.g preparation~ rotation of bearing duriz~g cooling~ bearing t~hrust 
load~ etc.~ unon the test results. 

Reference No. s by Messrs. B. B. Farrington~ J. G. Carroll, R. C. Jones and 
C. H. t~!iget presents the final findings of this cooperative investigation. It 
was found that by specifying certain details of the test method~ good agreea ►e~ 
could be obtained between the two laboratories~ consistent ratings of a given grease 
could be obtained and that the method clearly measured the differeMCes betw~sen 
greases of differing lo~r temperature characteristics. The results of thia investi- 
gation m~ be su~ar ►tarized as follo~rs: 

The unavoidable variations betyreen individual test spindles do not seem to cause 
significant variations in test results. 

~emoving the bearing shields employed in the AN-G3 and current MIItG-3278 spec~.fica- 
tions alters the m,easured torqwe value by a slight amount. However~ appli.cation of 
the results from a 20liK bearing to other bearing desi~s a ►ust be made by a correlation 
factor in ar~y event, and the improved consisteney of results makes removal of the 
shields desirable. 

Tests made ~aith bearings picked at random as received shotired Kide variations in the 
measured torque, particular],V at lo~ temperatures. It was found that use of a 	 ,, 
different bearing could alter the measured torque by as much as 100~. 	 ~, 
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The use of "precision bearings" general~y increased the meas~ed torque but 
did not improne the variation between bearings. However~ it was found that 

~ 	by pre-selecting bearings to nearly the same radial cleara.nce and rend shake~ 
~~ 	the average deviation of the results could be rednced to about l~.~~. Ttye 

methods used for measuring bearing clearances are described in Reference 
No. 5~ a.nd it is believed that an~y final test method should specif~r the bear- 
ing type~ make~ class of fit and a range of acceptable radial clearances. In 
addition~ it is believed likel~r that test bearings will have to be standardized 
or calibrated before close agreement will be obtained between different bear- 
ings in different laboratories. 

It was noted udring the program that the age of the samples being used influ- 
enced the torque measurernent obtained. With t~ro year old samples, the results 
were found to vary as much as 30~ as compared to tests made with fresh~y worked 
samples. It Was found that working th,e grease according to a prescribed method 
just prior to testing virtual~►  eliminated this variation and the proposed method 
therefore includes a provision for working tY ys ~rease. 

Hand packing of tY~e grease into the bearing was found to be unsatisfactory for 
consistent results quite ear~y in the imrestigation. A mechanical packer~ de- 
scribed in Reference No. 2~ was therefore developed and used in all subsequent 
tests. The proposed method specifies the use of a sim3.lar mechanical packer as 
well as the amount of grease reza~.ining in the bearing. 

Both laboratories observed during their work that the direction of pre-rotation 
of the bearing influenced the measured torque value. For consistent results~ it 
therefore ap~eared advisable to rotate the bearing only in the direction of torque 
measurement and to mea~ure the torque at rooan temperature before and after rotat- 

~ 	ing for 100 revolutions. The bearing is then cooled to the narious test temperatures 
~ J 	without further rotation except that required for the torque measurements. 

"Break sway" or starting torque may be measured at ar~y desired temperature by cool- 
ing the bearing to that temperature without rotation after the room temperature 
torque checks. 

The Committee recognizes that further ~rork will be required by a larger group to 
standardize the proposed method for general use by industry~ but it believes that 
the method is xortY~y of this further stuc~r because it provides more useful data 
concerning tt~e law temperature characteristics of greases~ yet requires only minor 
modi.fications to existing laboratory equipman~ 

~ 
~J 
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PROPOSID METHOD 

P~OG`IDURE A 

Low Ter.rperature Torque Teat for Aircraft Greaaes - 

I:nproved Method 

1. ThP apparatus coneiets of an ASEC spindle, and cold box ae 
re1uired by specification AN-G-3a. Side shielda are not used and a five 
ponnd thrust load i g  ~.pplied. The torque meaeuring-driving device ie a 
constant speed motor, arran~;ed to drive the cold spindle at 2 rpm by means 
of a pulley ~nd connecting cord. The driving motor is cradled c~ynamometer- 
Yashion a~id atts.chod to a auitable torque aieastzrir~ mechanism. Torque is 
obta3.ned in inch pounds and a.d~ueted for rate of turnir~. Since 2 rpm = 
?~~~60 radians per eecond, dividing the torque in inch-pounde by this ~actor 
~ives torque rate ratio in i:ch•-pounds seconds per radian. 

2. A s~ecially selected Conrad ^cOk~{ bearing (~,fhir 8-ball "Standard" 
bearing) ie used. 

3. ;'he Erease sample is wori~ed 60 atrokea in an ASTM worker ~uet 
prior to packing the bearings. 

4, q mecha.nical bearing packer is used to pack the teet bearings with 
6.5 + 0.2 gra.ms of grease. 

5. The temperature of the spi.ndle and bearing are brought to 58°F and 
th~. torquo-rate-ratio at 2 rpm of t.he undiettzrbed ~rease determined in a clock- 
wise direction. 

6. ~fter obta.ining tho torq~~e rate ratio as in {5)~ the bearing is 
turned 100 t:~rns clockwise at 200 + 10 rpm and the torque rate ratio again 
obtained a,t 68°F in the clockwiee direc~ion. 

7. The ~~i_ndle is tren brought to a test tempe:ature of -ld°F in one 
hour and held at this temperatiu~e ~n additional one-half hour, after which the 
torque-r~ate ~~atio ie agaj_n deteY~mined in clockwise rotation. 

8. Repeat (7) a~ -20°F, -30°F, -~+0°F, etc., until the torque ratio 
reaches the limit of the measuring device (approximately 8 T.Fi.R.) cooling 
ihe e~ui~ment ta the above temperatuxes in 15 minute intervals and then ,soaking 
an ~.d3itional one-half hour before determining the torque. 

9. All x•otatione durin~ the test ~.re ma.de in a clockwise direction t,o 
riin;.mize channelin~; eFfects. Except for t,he 100 rotatione made initial~y and 
thoUe raade wliero torque-rate-ratio is meaeured~ the bearin~s are undisturbed 
durii~; the teat. 

A-1 
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PROPOSID METHOD 
~ ,. 

PROCEDURE B 	 ` 

Bearin~; Selection by Torque Measurement 

1. Workod aesaplea of grease are ueed. The ASTM Hand Worker ie filled 
irith grease ~a worked 50 etrokea in 60 seconds. Thie provides enough gresee 
to pack six bearir$s. 

2. The 204 Conrad type 8-ball bearing ie thoroughly cleaned, weighed, 
and pacl:ed wi~h the i~esh~y ~aorked ~rease using a mechanical bearing packer. 

3. A.Lrte-r packing, the bearing ia weighed and etored in a dry oven or 
deaiccator at room temperature overnight. 

~+. The ~ll~T-G-3a type cold box ie vrought down to -1+0°F in one hour. 

5. ?•~ile the box is cooling~ the bearing ia rotated 100 turne clock- 
w~? se at 200 + 10 rpn and ::,ssembled in the AHEC spindle uein~ a five-pound t~.iet 
load but r~a side shielda. 

6. The spindle3s then inserted in the cold box at -1+0°F and cooled to 
-1+0°F in one-half aour and eoaked at -?a.0°r for an additional one-half hour. 

7. Torques are taken clockwise every 90° for the firat four revolu- 
tions. 

Note: Stepe 5, 6, and 7 are repeated on successive pairs of 
bearir~e. Removal of the old and insertion of the new bearing in the 
cold spindle ie done wit~,h all possible speed to prevent moisture 
condonsation and ice formation. The change ie accompliehed normal.ly 
in 15 minutes. 

8. T.orque readings are converted to torque rate ratio unite and 
plotted a~ainst degreea of rotr~'tion. 

B-1 
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AUTflO~• w C. H. AIGPlT 

FE~~R~fCS 2 

ltertiaes Re4tuery ~r~.~~ r.~w.~..s.~r 

Data: 	Februetsy 13s 19~ 

~: 	 A I.dii TAlP'B~RAT~iR ~'~R~7AS Tffi'r l~'OR 
AIBCRAlT (~A 

Refere~ce: Hoed OfYice MBaufacturing' e m~raren4duma of 
December 21, 19~5, an the ebove sub3ect. 

~7Vi~4f~L1i i ~.~.~~~ 

A Io~r te~pera~ure torque test !or aircraf~ ball bearir~g groases hats 
beefa deve].aped at the ~r~c gnez D4otor Iaboratorye Th3s test coan~9nes into one 
procedure the be~ ~oatures oP sev~re~7. ozistiag pertor~e~aca test mot~cds. It 
makes u~o of the ccmv~ntional AAf~-3a cold chnmber nnd spiadles together ~rlth a 
simple driving and torqua measur~og m~haaism ~hfch permite the evaleaation ot 
~eaees ~t coast~t shaar rs~es over a raaga of temperaturee. The reeults so 
obfiai~S sre caasid~red m,ore ei~3~iceat f~om ari eng3aeering po3at oY viesr t2ma 
c~ata foP capstar~~ shosr~ing force as deriv+~d with t2~ canve~tional AHGs3e, aad 
sfmilar instrtmments. 

~~+e~~~ 

~ 	A I,ow Temperature Torqu~ Test Por Afrcraft Qreases 
. ~ - 	 .~....~... ~_...~_ .... 

Prior to late i94g, the principal tee~ instrume~ts used Por mensuring 
the suit,ability o~ aircratt greases a'~ lo~r temperaturea vera re~ri.gc~rated bnll 
bearing spiac~les sitch ns -~Lose descr3bed in A9.r Corps Specificatioan 3588-B and 
S~ec3ticst3on AliG3 ~rith 3ts la ►ter revis3ona. 3~ese torqu~ tests ~rere made wlder 
conetanL temperature nnd constant dr~.ving iorce; rate of rotntfoa vas the meas- 
ured varie~bZe. The~e sia~lffie~ apecfPicat3va test pracedures are not cansidared 
ad~t,a in a11 reepects, and 3.mprovefl met~ds he4e been develops~, or are tm8~rr 
coasiderstion, by numeraus research aad maaufac~ur3ng orgsnizat3ons. 

Pressuro viscosimetere, auch es ttte Staadard Oil Aevelapmeat model, sre 
gleld3~ng valuable da.ta on a3rcratt g~reases, but mach ~ork r~s~9.ns in correletgag 
apparent viecositiea s~rith, aad do~es~mining ra~se oP shear gn, ectue~l airersft la- 
stallations. IIn~il such dsta are available, torque tes~ars ua~ng bali bee~rings 
aill Pind continued useiLt3,lnes8 ia greese formcalatioa and applicattan. 

The Aanulnr Heeurfng g►ginesrs Cono~ittee - HaL4ona1 Lubricati~g Grease 
Institute Coaperatfve Co~ittee on Grease i~sthods out3.3ned a proceduret~ j  whereby 
"plasticity nvmber in g~cam cent3meter seconds 3s determined ili a torguo apparatus 
a2 reduced tea~erature. Ilata are ob~ained vn torqus req~ired to atnrt and mein- 
tain rotation at a test epeed of sppros3,me,tel.y t~~o revolut3ons per ntnu~e. 

D. H. Moretoa aescribed an ing~nious torque appe~rattas dev3sed by A. Isy- 
~ortht2~ to measwre torquv ra~e r~tfo in pound-3acb seconds per radien. Tests e~re 
conducted nt cansecutivol7 lo~rer tea~peratures until ebsnneling or freez3ng ocenre~ 

\~ 	so a gr4ph of torque ra~e rat~o trersus temperatwre cqa be dra~m. 

1 Te~tetive t~w3 for Determ3nation of I.a~a Te~enture Tbrque Chsracterietics 
of Greaee ia Ant3-l~riction Beeringa. 

{2) e~- a mNtin o~~be"S u~ Gi~iforn~a i~ecti~Dof ~he~~°,A:~.. A~uetp2~e 19~~. 
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- 2 - 	 Yebrue~ry 13s 19~ 
SubSec~: A Lou Temperature Zbrqu,e 
Test for Aircraft Greases 

Boich tL~e A,BEC-RLGI method aad t~.t deacribod by Moreton are usef`ul. in 
testSng gr~~ee intended for 30~ tempereture applicattans; the latter fs espe- 
cially so e~ tbe 13miting tempex~e~~ure st vhich e~iven gree ►se ia sera~iceable can 
be reaa3ly detc~ztiaf~ed. i~ith these procedures, however, the 3udgmea~ ot nn opera- 
•i,os is re].3od upon to eolect m~~ivating wei~ts by trial ~nd error vhich giv~e a~ 
uniform sp3ndle rotatioa. 

t~ile recogn.iz3.ng  the,t each of the above test mothods hoe marit and 
advaate►~es, all (~►3th *~he e$cept~.on of the giroase v3~cometerj have the common 
characteristYC of depeade~cy on constaat shear force. It is the gurpose oY this 
psper to present for coas4dara.~ion a procedu~e ba6ed on constsnt rate oY shear 
aa appo~ed to cans~nnt shaarix~; Yorce. The procedu~e to be deecribed is desigued 
~o f'urnish m~ro co~aple~e engi3aeering iaformm'cian on fihe gresse properties, in the 
fo3lar~~3~ m~ner: 

�a) Iiate of rotat3oal ~c5.ng been chosen ~o suit e sereice npplicnt9.on if 
deair~d, the start3ag foree and sustaining fo~ca sre de~ermined throvghout ~w~ or 
ffioro revolu~YOns. 

�b) TI~e force requ3red to aus~ta3n a iaster or aloder rate of rotation caa 
be dstosm~nc~d ~a deaired. 

'1'he proposed m~~had 3s based on the use of ~he spincll~ and bsll 'badring assembly 
desi~ed by the AB$C and szabsequ~atly adapted zand~r epeciYication AIIG-38. It is 
no-~ Punda.mntally n~;r or noval but represen-ts aa ef~ort to combYae the best Pea- 
~uros o~ seceral proced~ares ia~ .̀.o one ithich laa°gely removes the h~ element by 
subst3.tut3a~; ~ driving and torque measurs.n~ davice for the conventioa~l. veight- 
dr3viag s9stem. 

The driviag aad torque measurin~ doeice ie 37.lustrated 3n the attacbsd 
~hatograph, It consis~a of a Bodino S~eed Reducer ~totor, 1/150 horsepo~rer st 
9.2 R.~,P3., c~adled dyn~$~r Yashion nea~ its c0ntar oY gravity. The slox 
gpoed sh~ft carrios a pul3oy ~a~3,ch drives thQ cold epindlo bq meaas of a connect- 
i~g cord. A spoed of ~t~ R.P.~l. o~ the cold sp9.a81e ia mcet geaerally uaed, but 
a serios of ~~alleys fo~ bo~h cold spind~.e ea9 dr3vfng motcr permft var3ationa ia 
s~~~d. A lev~r arm eatendis~{ from the motor cradle is attached to a spring- 
loaded 3.a.dlcatixt~ hand cal3bra~ad ~or torque u~easurement. 

Iai preparatiion Por testi~g, ~the be~r?ags aa~e filled w~~h grease (approzi- 
ma'tely s3ss gr~aams ), aud ~he nppaara.tus assc~ttable3 c,r9.th side shielda rolieved to clees 
~he grease aud s3des oY ~,he inner race by .010 3nch. After aseembly ea~d during 
cooling, sche spin8les are rota~d by hnud e~c~3.~ accordiag ~o A~G-3a ►  procodure. 
T~2e 9ni~ial'beariug race te~perature, usvally -10~', ia r~che8 as rapidl9 g~ 
possiblo and the Pfrst ~orqvs m~nsuremea~C is ~de apprczi.metely ono and ane-half 
hnura sYtsr cooling vas etarted. Fs.ch succ~ssive 10~ lo-a+er bearing re~ce tempera- 
tnre 3s reached 3n Pif~een minutes; a hRlP haur soe~tiag time is then sllos~red 
be~'o3ce ~he torque is measeu~ed. Thi.a manne p  of canductiag tests at consecutively 
lower tezRperstures so -~orque-rate rai:io ve~sus tempern~ure curv~es may be plotted 
la simila~ te ~he method outl3nod b9 D.H. ?~arotan, refereuce 1, page 2. 

T,9P3ce.1 tsst data ia duglicate runs ~or a eer3ew ot ezper3menf.nl a3r- 
crsf~C gxeases, obt~ined at ~ra R.P.Mo apindle spaed, are presented 3a tables 1 
~o ~a. A relatively sm~.tl devia~ion from mesa torqve at aay per3od of the rots- 
~ian, including the breaks~sy, is shovn by tbe Sigures Por t~ase runs. Theae 
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- 3 - 	 gebruary i3, i946 
S~D~ect: A IaW Temperc~tuze Zbrque 
Test for A3rcre~ft (3ree ►ses 

n 
~ J 	de►ta aiso shoa~ tbat tb~ percemtege oP error in cLecking tests i~ satisf~ctorily 

3o~r. De~ta f~m tables 1 to ~C are p].ot~ed ss av~erage torque-re~te re ►tqos for tvo 
ravelutions of tho bearings versas ton~era~ure oa Graph T. T2~e ePtect oP oil 
viscosity oai loar tem~perature torque character3,stics ot lithium soap greased is 
well demonsLrated by t~ese c~0es. 

TbrquQ det~rm3,natiams nt four R.P.Id. for tx~ oP the eYper3menta3, greaees 
are present~d oa tablss 5 and 6; aud the 8ste are plotted in co~arison vrith Lh~ase 
at two R.P.I~. on Qraph II. S3ace apparent `i.scositq o~ grease decreasee vith ia- 
creasing ahosr rate, t~xo plasticity curvea at ~ue four R,P.M. sp3ndle speed i'aI1 
belov those tor ths s~m~er rofi.ationel rate. At four B.P.M., 2~obev~er, reeulta Prom4 
test to teat hnve been Prn~ad to bav~e cams3derably mere dewl,ation tLaa at the lanner 
shsar rets. 5o~t lesa deviat3a¢ ►  occurs whsn check rims are made srith the seuse 
beeering al~hough evea 3n such ruas dif gerences as grest ss ~ are some~imes ioun8. 
These varistions are probably caused by nonunitorm3~y oP bsll bearing internal 
clearRnces sad balis akidding at higher speeds. They poss3bly could be m3aimised 
by applg3ng ~t3s1 losds ~o the te~t bs~►rings. 

The appara~us using the driv3ng-torque meaauriag dsvice ie in almost 
daily use 3a our laboratory. I~ appears v~ell suited es an inter3m test tool aince 
de~erm3.~a~►tions oP p1a8~3city at pr~selected shear rates 3a ball bearings c~n be 
used i~ the sng3neer3ag oP e3rcraf~ m~echaniams end aiso for correletion with pres- 
sure e3scoaetrfc ~oasuremont. It g3sea a relatively essily obte.3n~ed picture of 
~h~e behavior of greases over a range oP lov ~e~ePaLures and ie raliable in dupli- 

~ 	cnt~.ng reet~ts at low rotat~anal speeda. 

~J, 

~ 
~~ 
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~pqna~e seax~g ~l 
Rotat3on To ue In.~Lbs. F~? °F 
~s -10 20 ~ - -70 

o .~0 .~o .12 	.lg 	.22 .30 .90 
90 .od .08 .13 	.z6 	.2~ .31 .91 

180 .0►T .09 .13 	.16 	.23 .31 .91 
~70 .07 .09 .1~ 	.~.5 	.22 .30 .91 
360 .~►  .09 .13 	e~ 6 	.22 . 31 .88 
~g4 .Ob .08 .14 	.~.6 	.22 .32 .88 
~~ 006 .OB .1~ 	.~6 	.22 .33 •95 
630 .0? .OB .14 	.~6 	.21 .32 .96 
720 . Or .  08 .14 ~ ~?..i. .:,~,~ ..~6 

~v~rage Torque for Bearinge ~~1 ead ~2 - 

Av~rage Torque - I&►te R~tio bor Bearin~s ~`1 
and ~2 ~ Torque s 60/~1f - 

H~e►rfng ~2 
TorQVe Ia. -7be . f~ °F 

-10 -20 ;~„0 -~0 -~0 -60 	0 
.~o .-BO .13 :~7 .23 :3 . 
.a7' .09 .14 .18 .25 .3~8 1.Ob 
.C'T .09 .14 .18 .25 .39 1.0~ 
.a7 .08 .14 .~7 .2~ .:►0 1.06 
.Or7 .OB .14 .18 .25 .40 1.06 
. 07 . 09 .14 .18 . 23 . ~►0 1. 09 
.07 .09 .1g .~7 .23 .bo 1.i5 
.07 .09 .14 .18 .24 .39 1.06 
~f~ ~ •i~l~~ ~~Y~ ! ~ i 

.067 .OBg .137 .169 .230 .353 •969 

.320 .406 .654 .8a7 1.10 1.6g k.72 

r~ 
~. 

5:~~1c~: A1~13-3a Ty~e arease 	 TABI,~ 1 
Sgeed: 2 R.P.M. 

TABS.~ 2 

Sampl~: Esp. Aircraft Grease E-1602,60 a.S.II. C? 100~F Oil 
s~e~a: 	2 ~.~e.x. 	 ,-~ 

~! 
Spiadle ~eara.ng ~i 
Rotstiou To= ue In.-Lbe. @ °F 
Deo 	as :°i~0~' -~2 ` ~ ~ o - • 0 -7B 

7 .27 •35 ~ 
90 .13 .17 .20 	.26 .35 •58 

i8o .13 .z5 .20 	.26 .36 .56 
270 .13 .15 .23. 	.~G .37 .56 
3bo .14 .17 .20 	.27 .37 .61 

~ 
~ 

~50 .14 .17 .20 	.29 .37 .59 
5~0 .~5 .Y8 .20 	.27 .37 .60 

~ 

0 630 .15 .17 .1.9 	.2g .38 .59 
7~  :~ .-.~ .20 .:~ ~ .~ 

At►erage 'ibrqus ~or Beazings ~1 end ~f 2 - 

Aeere~e 2orque - Ra~e Ra~io for Bearings ~l 
~nd '~'2 = To~que a 6d/4?i'- 

~~ ~ 
Tor4ue In.-Lbs. @ QF 

-io -20 _ ~o -40 -50 -50 -70 
:37 2 .27 .-33 :~ :b3" 
.17 .21 .25 .32 .38 .G2 
.18 .21 .25 .32 .40 <61 
.i8 .20 .25 .32 .~2 .64 ~ 
.17 .20 .2h .35 .40 .63 cv 
.18 . 21 .21+ . 33 . 38 . yg 
.17 .22 .23 -32 •38 •5'9 

~ 

~ .17 .22 .23 .32 .41 .62 0 
.1 ~?2 :~ .:.~ :~ ~ 

.?.57 .188 .222 .298 .380 .600 

.°~g0 .$97 1.06 2.42 1.82 2.86 

.~ 
~~ 

Full document details: SAE AIR43

http://www.avadocuments.com/doc/sae-air43
http://www.avadocuments.com/doc/sae-air43


Hoax~3ng ~2 
TorQw9 Iu.-Lbs. ~ °d 

10 -20 ~0 -u0 -~,0 
.~ -35 •55 1.35 
.26 .35 •54 1.33 
.26 .34 .g3 1.28 
.26 .34 .53 1.01 ,n 
.26 .3~ .54 1.33 N 
.26 .3~ .53 1.38 a 
.26 -33 •531.12 a 
.Z~6 .33 .531.01+ o 
-?~ ~ ~ i.r~ 

._,__ 

Sx~ple: E~p. Aircrsft Gre~se ~-1fiO3, 1Q0 S.S,~. ~?100°F Oil 
5geed: 	2 R.P.M. 

~ 
~~ Spindle B~:srisig #1 

Rota~ion ua In.-I.ba . ~ °D' 
Degrees -10 ~ - 	-~0 - 

o :20 .~30 • 3~ -'~5 1.a2 "_ 
90 .~9 .31 .37 .56 1.09 

180 .1g -31 •35 •53 	.88 
2?0 .20 .30 .35 .~a7 	.82 	~ 
360 .20 .30 .35 .~+8 	.80 	N 
~+50 .20 .29 .35 .~8 	.96 	~ 
540 .20 .3a .35 .~7 1.oi 	g 
630 .21 .30 .36 .k7 	.85 
720 .z~. ~o ~ .~ ~ 

A~►ez~o Torc,~e 4or Bearings ~l and ~'2 - 

Average Torque - F~~.e ~atio Yor Bearinga #1 
and ~2 = Torqno a 60/4'11'- 

Bearin8 ~2 
as Ya.-Lbs. e °F 

.~i2 .30 .39 .~9 ~ 

.24 .29 .~ .~7 .9~ 

.24 .29 .~8 .~7 .9b 

.2~ .30 .38 .1a8 .g3 	'~; 

.2b .30 .38 .48 .93 	N 

.24 .30 .38 .4S .92 	; 

.2~a .30 .38 .~c7 .8g 	g 

.2k .30 .37 .46 .89 
.2~ ~o ~ .46 .,,,58 

.220 .300 .368 .487 .g26 

1.05 ~.~+3 1.76 2.32 ~.~2 

n 
~J 

TAeLS 4 

s~i~~ ~. A3rcraf~ Gr~ase $-iSW:, i5o s.s.v. e ioo~ o~ 
~peed; 2 R.P.M. 

Spindle Bs3ering ~l 
Ao~atioa Rb us Tn.-Y,ba . Cry?  °~' 
De 	@6 -10 -20 ~0 - 0 -~0 ` 

o .`21 .33 .50 1.oi 
90 .20 .32 .~+9 i.c~ 

180 .21 032 .49 ]..4~ 
270 .21 .32 .49 l.ol 	~ 
360 .22 .32 .u9 1.ai 	N 
450 .22 .32 .~+9 	.g9 
544 .22 .31 .4g 	.$8 	m 
630 .22 .32 .~8 	.96 	0 
720 .22 .~.t . ~ ~ .___ ~ 

Average Torque Yor Beari~s ~l and ~ 

A~erag~ Torque - Ra~e Ra~3o ~or Bearia~s ~l 
aad #2 a Torqwe z 60~~n- 

.237 .329 .512 1.11 

1.13 1.57 2.~4 5.31 

~ 
~~ 
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Sa~ple; An-G3a Type (}rciase 

~~ 
S~eed: 4 R.P.M. 

Spiadle Hearins ~l 
Rotation To ue In.-Lbs, ~ °y►  
Degroes -10 	-20 -~0 - ;~0 - 	~0,,, 

0 .~0 .07 .10 .11 .17 .2~ .~6 
90 ,v6 	.07 .09 	.zo .14 .29 i-o7 

180 .07 	.06 .09 	.io .i4 .29 1.OS 
270 .Oj 	.07 .Og 	.il .ig .39 1.13 
3~ .o~l 	.47 .09 	.14 .15 .36 1.20 
450 .06 	.07 .og 	.11 .13 .30 1.05 
5~ .07 	.07 .09 	.it .z3 .2g i.00 
630 .0? 	.09 .09 	.11 .12 .32 1.26 
720 .~0 ~0' .l0 	.1.~. .11 ~ i .20 

Average 'lbrque ior Tests ~1 and ~2 - 

~.vernge ~brque - Rate Ratfo for Tests ~1 and 
~2 = TorQue z 60/8 ~'- 

~• 
~~ 

Bear3ag ~2 
To ue In. -I,bs. ~ °P' 

~ .:~ ~ :~ - 	- 
.12 
.12 

.11 

.13 
.17 
.~.8 

.21 

.27 

~ 
. 
.36 

:57 .7 
.7~ 1.26 

.12 .i3 .19 .25 .40 .9i i.ig 

.12 .13 .19 .2~ .38 .75 1.14 

.11 .ik .1$ .24 .3b .73 1.14 

.0 .13 .15 .25 .3~ .73 1.20 

.12 .1~►  .19 .27 .46 .85 1.26 

.lz .14 .18 .25 .3$ .74 1.60 

.11 ~ .18 .2 .~8 ~ 1.26 

.~ .102 .i36 .i79 .~ .537 a..i2 

.219 .241 .324 .428 .6cr'l 1.28 2.68 

~.~ 6 

Sam~le: ~xp. Aircraft Gresse ~-1602, 60 S.S.II. c~ 100°F Oil 
Speed: 4 A.P.K. 

i~ 
~~ 

à~iindle Hear3ag ~'1 
Ro~ation To ue In.-Lbs. ~ `~' 
De raes 
~0 ~~ 

-10 -20 ~0- 0 ,~ 0 
~ .Tl 1 .1 .24 . 3~ .46 .~ 

90 .i7 .15 .23 .30 .~4 .78 
180 .15 .15 .21 .30 .4h .76 
270 .19 .25 .26 .33 .5~ .91 ~n 
360 .20 .2~4 .29 .ki .63 .89 ~ 
~50 .17 .17 .2~. .28 .46 .80 
5~ .17 .17 .23 .28 .~s3 .78 

~ 
a~ 

630 .2i .24 .26 .34 .~8 .91 g 
72o u .:~ ~ -~.~. 6'+  ~3 

Av~ex~e~e Zbrque Por Tests ~°l and ~2 - 

Avr~rnge Torque - Iiste Ratio ror Tests ~l and 
~2 : 7brque x 60/8 ~- 

Bearing ~2 
T t1e In. -I.bs . C °F 

-~ - ~ - - 	- 	- 
•23 . 3 •33 .3b : 	.T~+ 
.20 .2g .32 .30 .67 i.32 
.23 .2g .32 .~3 .68 1.29 
.25 .26 .29 .41 .68 1.29 	~ 
.23 .2S .. 30 . b3 .66 1. 31. 	cv 
.23 .2k .30 .42 .64 1.27 	,~ 
.2~►  .2g .33 .42 .67 1.29 	m 
.25 .25 .33 .40 .63 1.28 	g 

.~?4 ~ :~ • ~ ~ 1~ 

.206 .223 •2'T9 • 358  .5"T8 1.01 

. k92  .533 .666 .855 1.38 2.40 

~~ 
~. 
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