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~ " Oppeu_Repor
§zgopsis:m;Tests,were‘barrieﬁgggg;ggjdetermine the conduct of greaseéd journal emd
Bell-boerings et low temporstures.  Both types of bearing were instelled in the
”I.G._cold'boxﬁéﬁﬁffﬁ’SEhwéiger's7apﬁﬁratus;InZthe I.G. cold box the sams order in
. quelity of performence wes obteined with bBth-types-cf benring.‘vaha'same'bfder o
“elso resulted when»using;Schwﬁigeiisﬁepb?ratus~but‘only for “journel- besrings,
‘using‘peripherel;speedsfapprodchiﬁgfthOSe employed -in the I.G. cold room. It

W85 mOTeOver NeCcessary to use e smaller shoft end lerger-suspengion locds since
the 'stendard shaft end lord produced only-very low shearing spee s, resulting in

. L3

a totelly different order of merit.  The tests cn~ball,yearlngS'carx;edvquuip-j,

the Séhwéige:ﬂmachine.producedgonly'cpprcxfmately the:semeforder.as?%ﬁﬁf"fﬁféined
with the I.CG. ccld box. . Ball beerings yieldz2d more widély,divergentv?esulta in

both the cold room smdvtae Schwaiger®s apperasus. = - . BN

’ A

Objéctupf the Tests -

The I.G. cold box and Schweiger's.apparatus_showéd close agrecment of »
results when cil wes under test, wheress vastly different results were obtained |
for~greéseEWW~Theuebject—of-thesewtestsmwas to" elear up these contradictory I
experimental results in the' case of grease; £nd furthermore to contribute to-
werds the development.of suiteble test methods fcr eero-engine lubricents.. ":

Descriptibn'cf epparetuéﬁ‘ ' e ,j':'- o '_},b’”\‘“

e

" The I.G, ccld box was ussd £s testing machine, end # schemetic diegrem 1B
reprcduced in—illustretion No.l. _With its eid it is possible t0 determine the
force required to turn-e-sheft mcistened sncased in s journal lubricated with -
the lubricent under test. Mersurement here tekes plece =t-the mement rhen the
sheft is. suddenly set in motion.  From the mAximum veluc-of the fcrcevrecorded'
on the indicetor end knerledge of the lubricated eres (circumference X length -
of journsl), the fricticn dreg 18 is cbteinsd in kg/sq.em.  For a detailed
descriptinn of the I.Gs ccld -tex see-Report No. 269 of .the "Pechnical Test .
‘Leborstory". The_testing of grease; however, is_suitably‘cerried out not only
‘in jcurnsl beerings but slsc in bell bearings. For this purpose two double=- -
sided ball beerings SKF.1305, 25 ¢/e2¢ x 24, ere instelled (Trenslator's note, .
¢ stends for "diameter”). - \ o T e T . \
' The low-tempereture vis¢ometer (tuilt om the design producel by Schwaiger)
is aveilsble as @& further t:giing~mach1ne.- Sheft-end’ journel (80 mm diemeter,
0.08 mm sllovence -for lubriceting £ilm) ere vertically erranged in .this case
(11lustretion No.2).  The shaft is set in roteticn by mesns of & henging '
weight (stendard 900 gms), the rope of which pesses over e horizontel pulley
. ‘wheel. - When the weight has trevelled -cver & certein initiel distence, the time
- required for half a revolution to teke plece is meesured. A more detailed.
descripticn of the Schweiger viscomeEar«will”be‘fcund-in the reference bcoks -
~quoted. AT ' a : ‘ IR ST v

. ~Fcr thoe testing of greese lubricents e smell sheft having a journal length
of 25 mm-snd 0.12 rm.play wes mede in e@dition tc the standerd sheft. Instead .
of these two journal tearings it is possible 1o {nstall two ball bearings, SKT.
'2207~35¢ x ?2¢ x 23 ccmbined in e single cesing, in the apperstus. '
Method of Test ' '
1, I.G. Cold Box

W

' - v

- The sheft wes smeered with the greese uncer test and wes installed in the .
mechine tcgether with its journal. = In arder to obtein identical ecnditicns for
ell triels the sheft was roteted by the moter for a period of 10 secs; the tank
‘ves. then brought tc the temperature £t zhich the test wes tu teke place and this® -
" .was meintained for 1 hour. At the end cf thet time the motor wes started'and‘the'

* claw clutch let im, thus causing th~ film of lubricent tc breek free. The .

_— o - .
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-grentest measured mcvement'éf?the71ndicator-thusfobtainad_fmrmed the besis of. .

‘sﬁbsaguegj_ggldulétiops;,,'Thp,température cf the tenk wes theﬁfreiéed'electricf_
‘8lly, the tenk opemed end" tha besring removed.. Frosh grease was epplied end the
;Plggedure’rePeated.'“ oy B T T TN P PL R o

. Ball bearings core bested in @ similer ways _ Tn ball races Were completely

filled with grease,‘rctated;lc times]?t'rccm\tampere%ﬁfé“éhd;thenTénéiéafjffﬁégtiﬁé
. tcok*placé»aﬁ{the:end~0fvtha trizl but the beerings wore not remdved: instead,.
“the tempersture was kept ét~25¢c~f3r~%~hﬁnr%s'%urﬂtisn. After & further 10 -7

- revolutions the beering end sheff were gerin csoled for s further test; without
fresh groase being epplied tu the beerimg.  © 0 oo AR

**2:~Schaiger's-Visc:metér¢ el R

.~ The journal having been smeared withfthe greese under-test, the apparatus
‘was -assembled. Tue -shaft was then roteted twice end the “testing gear cooled to

.the/‘lowest experimental temperature. . Thls temperature was meintained for hslf
an -hour,-using e contect thermometer, snd the test proper wes then’cerried out.
Tne next tempersture selected wes higher end wes obteined*by,switchigg-offfthe‘

* freezing plent, end greduzlly warming‘the‘épbaratus;‘;jAgain,thaftcmpexatureiwas‘__
meinteined for helf en hour bafore the test. = Further t@sts,st.conéténtfﬁemper-v
sture were cerried out, et intervels of helf.en hour esch, but it wes impracticable
4in this cese to remew the gresse 2% $he terminetion of eech test. - The tosts .,
~earried Out;;using'tallrbeérings,‘were.conducted in & similar-menner. o

Five sero-engine lubricente provided by the Luftwrffe Reseerch Stetion in
- Trevemunde WETE subjecte@'to_the’test:-vtheir propertios are given in the table.

.TPblé-l

No. of | B o T S TR L

Lubricent . ‘ 1 2, 3 : -4 )

Type of e erotanad ST T A

grease - . --'-'---f-j-s’can@exd eero-engine éréase = T v

Deteiled Aero-grease - 1416 IR S o
“Classificetion . blue e blue - 1417 .. Cel. K qu:~129

Venufacturer Rienania - ] . : sv, - Crlypsol Colypsol

Drop point °C 108, 96 . 98 o7 145

(sutrelisetion Feetor 3.0 B 0.7 0.2 .. .0

Gurzing 'Fector 6.0 _ 2.9 2.0 2.2 B

Ash 4 . 1.84 . 2.08" 1.08 3.96 1.60

Weter 4 " 0.25 - . 0.25 0 4 0 -

‘Rusultsﬁ_

1. Tests carried out with journsl bearings

The.first results obteined.in the I.G. cold box are shovn in illustretion No.3.

v Frbm‘this i$ is seen that grehse $o.4,shows the greatest.amount-of frictional drag

' followed by lubricents Nos. 1, 2 end 3. Greese No.5 produces e graph. crossing
those produced by 2 end 3. ' I o R P

'*”;i The results obteined in Schwaiger's spperatus using the stenderd shaft end .
Joad are in direct contrest to thoscjust mentioned. T1lustration No.4 shows the
results obteined in centipoises,fcalcul?tedﬂfrom-the:expressioﬁ-Viscosity'(in.cp)
= timo (in sees,) x coefficient of the epperetus ( . - &_ . It cen be seen .
that only greese No.5 roteins its former position in the list over the higher renge .. °
of temperstures, while rll the other lubricents ere now errsnged in e different
“order. At first, these contrrdictions were puzzling sinece when oils were tested:

" both pieccs of spparstus yielded results thet wers in good egreement, end since
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both areisimilar'in'principle.fr;They'differ'considerably‘iﬁ,one respect, however,
yiz.-that the circumferential speeds produced are quite dissimiler:  ~The resulbs.
“shgwg;ig;yhg;grgphfqere.obtalnediln_tné-ith cold box using‘gqu:ipheral speed of

18.8ngs/éec,,'while;in the Schwaiger spparatus—that ‘speed wag less than.4--Cms/seC.—
_It-seemed reasonable.to suppose that'this mightyaccoﬁﬁ@;iﬁftthefﬁiscrepancy_betWeen
ﬂthe,resﬁlts'dbteined,,"Preliminaryftéstsmpf~short‘durationaweremcarried out with
~~tHe SChwaiger.viscpmatergatiaftémperatureféffOQC;}gﬁSing;@Qublefthe;Standgrd>weight
711800.gremmeSWas~cdmpéred-With{QOO“gms;k,” In these it wes found that greese lub-

ricents do not in sny way obey the law,Whosemvslidity'is_assumed]in‘phe Sehwaiger—
- viscometer. ~ With an ideal liquid this doubling of the weight ought to result in,
twioce the peripheral,speedjbeing:dbtained;: In the cadé of oils this conformity: -
" with the law-is easily emd- quite setisfactorily established but in the cage of
gresse ‘lubricents the speed igiincfeaS?d”n@nifold. o o S e

"~ % ".In order to investigate this phenomenon more closely and at‘lower‘temperaturesi
it would have been necessary, when using the standerd besring,. to employ very high
~loamds. " A second shaft was therefore macde which had 2 play of 0.12 mm on the sten=
derd journel, end a journal length of only 25 m so s not to subject the. apperatus /
‘%0 undue strein (see illustretion No.2). . Using this ‘sheft and the standerd journal
“the five grease lubricants wersegein tested, employing weights of 0.5, L.5 end 3
kg., producing a torque of 1,75, 5.25 end 10.5 em.kg. ; respectively. Voo
. Thé results are.shown in illustration No.5. - It is seen that e torque of . .
1.75 cm.ke..produces_a series corresponding to thet first obteined when expressed . -
in centipoises. - The peripheral speeds developed rapge from 0.1 to 0.00L ém/sec. -
Using three-times the previous torque, i.e. 5.25 cm.kg. the speed is not trebled
but becomes -sbout 100 times as great, resulting in a completely différent assess=.
ment of the properties of the grease lubricents. .. Their order very nesrly, but
not quite, corresponds with thst obteined in the I.G. cold box. ' A further increase
ln the torqué from 5.25. to 10,5 em.kg. actuelly results in the order expected =
'see illustration No.2). Particulerly remarkeble is the behsviour of greese No.2
which et a torque of 1.76 cm.kg. occupies ¥ far the highest position, sinks to
second place with a torque of 5.25 cm.kg. end finelly occupies the third place .
_with e torque of 10.5 em.kg. - On the other hand, grease No.5 occupies the seme '
position in all these triels.” - ' : PR - '

: TWQ conclusions may be drewn from these tests::

1. The etpreésion underlying Schwaiger's spparatus}

. C ‘ : Sl DTV,
\ » . P= ol
. . , 5

" where P =.frictionsl resistence in kgi, p = kinesmtic viscosity in 55%%92;;f

F = wetted area in m?: v = peripherel velocity in /sec: h = thickness of
~ lubricetion film in metres., : R -

o [

obviously‘np lohger applies, for the frictionel resistence P end veloeity v must
- remain in direct proportion for the expression to be correct, a‘condition which is
_not fulfilled in the cese of greese lubricants, the reason being that gresse’ 18

not & fluid and consequently. the queétionmgffviscos{ty"does not éfféé:””fThé“f””7T*
relationship stated sbove is derived from the law'P = p;F,%% and app;iés only when

%% #-%f, i;e} when,linéa; distﬁibutibn.of;vélocity méy"ﬁé asgsumed throughout the -
_ Tubriceting film, ~This is the case where en ideal 1iduid is concerned and_is°
_ very nearly true for oils. Bub with grease lubricents the reletionship no longer
~applies and a different veloeity distribution must therefore be essumed. - .

. 2. Furthermore these tests lead to the comclusion that the various grease
lubricants behave very differently et different speeds.- For instence, grease No.2
~is particulerly strongly affected in thst respect, in contrast with grease No.5.
This difference in beheviour msy be sttributed to the internel structure. Thus
" gtease No.5 eppears to be of 'éspecilslly homogeneous end oil-like structure, though
it was not possible to establish a connection between this deduction and snalyticel .
data obteined. It would be instructive to check the manner in.which the numerous
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grease lubricents reect at vericus shearing velocitigs,:butmgn;investiéa%ion into

" that sphere must be left until later, U RO IR I I

.+ Hrving-sugeeeded. in ‘epproxime tely synchronising the results obtained with

~~~~~~ bne-T.Ge-Szsnning tank #d Johwsigerts AproTefine Y7 taising the loads end bence .

~the peripheral speeds in the latier;. it pughl tp”be-pgSsible,;in.:averse,,to:bring
those cotained with the 1.G. freezing tenk into accord with those yielded by " :
Schweiger's apperetus, by :educingfihefperipherel_é@ééd]jsee illustration 3).

- it wes found thet a'reduction of speed- from 18.8 cms/sec.'tb"B'Cms/éec.l
_produced no appreciasble change (see illustration No. €).  Several preliminary -
“tests at 2 oms/sec..led oné to expect a similar ebsence of variation. A further

reduction of the periphérel speed would undoubtedly result- in the anticipated-
shifting in the order of quality but the forces that would be met with are unsuf-
- -ficiently great t0 be capable of messurement With the indicator evailable, .
. The asgesaswent of-the five grease lubricents, based on tests with the v
journal bearing, is shown in table 2, results obteinad with both instruments being
given.  The temperature of —25°C. was selected since results at this temperature
—were availeble for .both pisces of epperatus. . From this table chenges iu the -
order ot quality brought about by e variation in torque, is-clesrly visible.

Incidentelly it is noticed thet the errengement 'in order of quelity obtained withf.
- & greater torgue is the I.G. cold box ard Sehwaiger's apperstus sgrees with thaet
in order of water content. - o o : Do A SRR

Jenll L . . mTerlez
5 greaée lubrizents arrenged in order of quelity, ﬁsingvjbufnel beerings:&ih

_Schweiger's eppqratus and the I.G. cold box) at & temperature of -25%. ¢

" Schwaiger's Aopabatus

Length of: - 4 S
" ghaft - Length of shaft - - I.G. Cold Box A o
T 49 mm 25 mn - e R Water Content
' Torque in cm, kg. ~ . Periphersl speed oms/sec. —
3.16 _1.75_5.85 10.5 18,8 . _€.0 . - fider %
" Grease o
No. e :
B - 0
1 = 1, o
R U
4 - 0.25 7
3= 08
2 —=-- 4 .‘

' 2) Tests cerried out with ball besrings S
.» Generelly. spaeking, the order obtained ‘in tests carried out with dball
. bearings in the I.G. cold box wes the seme es thet obtained with journsl bear-
ings (1llustrstion No. 7). . 'As might heave been expected, however, the experi—
* mentel points, vhen plotted, ere considerably more scettered: nevertheless, .
. en indisputeble differentistion between the lubricents wes possiblei  The forces
" met with were so smsll, however, thet they were hardly recordeble ebove & temper-,
ature of =30°C. . .. - R o : DS

1 ‘ . R : A IR S
- On plotting, the trials with Schwaiger's"apperatushelso'produeed greeter.

' ‘seattering of experimental points, meinly caused by the unevenness with which '
the suspended weight turned the shafi when relessed. & Hore the turning action
.does not teke place with constant snguler velocity es 1t does in e journal

~ beering, but is. unsteady, producing accelerstion end retardation of the motion
et rendom, This wes perticulsrly evident -in the cage of grease No.2 which’ .

produced a_mption s0 unstesdy thet no useful meesurements could be obtained.
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Tests wx+h ‘2. uorqne of/0,875 cm.kg. yleld only - annrcximately the same
ﬂaugcmpnf of the. ldbricants as. ‘thet obtained. W1th the smellest load in journal
~ An: 1ncreaqe “of ' the torque to 1.4 cm.kg.;

&

. ax
bearlngq lefe- $1lustration No. 8 g Yo
once aga;n.pzshed greese Nuud to thcfflrst place: (1llu»tratLon No, 9)s
‘uru“v ;rcrcssa An-the snspended J.ogd:was not- p0581019 az the time ‘teken by the
wlelg ’+u irge bhuame too “short ~tor- measurenent.i‘,lt hownve¢ ‘be essumed
thet 47 sveb tr¢°1~ had" boen posslcle the seme Judgerenu of the” luhricnnts
woulo bave been Hrovoke es that_p ononnced 1in. .the ”breaxlng" tests in the .

I G. o*ﬂ box, ST ST

, Tﬂv‘»e"t show thet there. 5 very u'Lcsr:.suz, ement betw,,n bh&'"‘realﬁng
tests 14 the 1.G. “cold box end the: trisis (P“rlcu out- with-the Schweliger nppPr-
‘atus, when higher perlprernl speeds £Te emn;nye Campletely: different con~
ditions, how GVGT;‘TTGVEIl when the pgr rivherall sneed fedls below approximately’
2 cm~/>€3. as is culue usuPW in tﬁe ca = cf &cn 9~"°rﬁs ﬂpurramws. .

A% far as: the "breaﬁ" test is ooaﬂorned at least -shere ig elose ugree~
‘ment bevHeen the tests on JOLrncl,?n' pall hesrings.  Tre teést usiazg jourmal
“bezrings is- perbaps. 50 be preferrsd on acount cf ivs c“eetbi aonsisteacy
regerding results: while the unaaflvphﬁtory conduct 0f ball mearings ¥or tesy
.purposes is nsrt culer]y no+1¢eable in tha tes ts cerrled‘oul with Scnwalgcr 5
appalaius, ",x : R R I

'

Tﬂe Teshs in the I, G nula box probenLv be?; the close* re]aulcnoh ip &1
the two, to- vOﬂd1910LS met with in acbual practice.. Tne measurmment of vis-
cosity ébtu.* 2 Vin Sehgaigeris-epperatus when uping e smail stining moment ean

“herély bw of umcrtsnce as regoerds its beering upon: uhe problomldeal‘ w1th as
the forces.mef: "1th are extraordlnarlly small.
' . SR IllLstrntlons

1. 1.6, coid bex.
2. Schwaigcr*s;lfﬂ emperature viscomoter
"8, "Bregking” segvs with the I.G=fpld box.
_4. Tests. wish Schwaiger's apperatus. : o
‘5, Trisls with Schwaiger's enperetus us1ng differsnt turning moments.
TB. &7 "Breaklng" tests with I.G. cold bex ~
8. '& 9 Tests with the SChF&l@oT spndILtus.‘
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