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The Falex Oil Teetlng unp?rctu° - g compcrlson W1th the _

'"Four Ball" end Almen—WLeland m*chines.'7. ”5?¢%Tf

’ e

fSynOpsis~— The Falex 0;1 Te t"‘ie used- for testing extreme
‘pressure lubricants. "Phé tect conditions are less severe thyn
thoee of the "Four Dgll“ mechine, but wmore so .then those appl 1ng
‘to the hlmen-Vieland spperitus. = The test. procedureﬁisia'down
‘dem&énds thet the oi}l. should rezct 'in & certein mesuner under.
‘conditiong of minimum high™ ‘pressure so that the epparatue may

not be used for every oil. - Apsrt from the originzl method,
experiments ere. cerried out with two other test methods of Wthh
one allows any lubricant_to be tested. . The results obtained are
gimiler to those given by the ‘Almen-Yiieland machlne, but ere in
contrast to tHose of the "Four Ball" mechine. ' Preference shonld
really “be given to the latter since hers the mdterjals used: for

the tect pleces &are the mo st 51m11ar to those 0 vhlch gear

wheelr ars made. ‘

A Obgect of the Te t. AR .

.+ - The “Henreswaffenamt" aupplieu the ¢echniga1 Research :
Station at -Oppau with a-Falex 0il Te:ter- for the purpose of find=~
ing out the relat.onsh.p of the regulte obtained with it, to———
thoce obteined with recogniced apparatus uscd for tests on ex-.
treme pre sure lubrloante. » 4

R R

B. Descrlption of apparatus ané . T*ct Proceuure. :
1.l The Falex eppsretus isg aun exact copy of an Amerlcan 1nstru-'
‘ment, the Faville=Tgvslly O1l Tester and wee bullt by the
""Leboratory for the Production of il=chine Tools" st the Techni~
~cal College &t aix—lu—Chxpellc. This 1nstitution prepsrsd en
- gxact aescriptlon end test procedure,'e short account of which

ie glven below

, 4k rectangulcr vs5°e1 contniuzng the tect elemcnts (descrxbed
more closely below) ag well as the 0il to be tested, can bs- -
electricslly herted,  The verticel teet eheft ie driven at the
top end by & motor opersting @ gesr.whesl drive (disg.l.).
,.The test b ushes held agsinst the sheft s2re fixed in two movable
- breckets comnected to two losd-trensmitting levers (diag.2.).
The ends of these: levers are forced towards eech other by the
~ losding mechenism’ (dirgs. 3,4,5,&6), opereted by the pressure’

of = spring ineide a cesing. Compres*ion of the epring-is
- procufed-b;- turning a wheel fixed on e sh&eft with thresded ends
{using a right hana thrzed ‘ot one .end, ané = left hand thresad
=t the other)., - The force of compreesion it indiceted on.a
gauge and from it the mngnitude oI the iorce tr¢n°mitted, can
ba obtﬂlned. o - ’

: The torque on the 1= ~t sockets 1°’m=a=urcd by hydraullc :

- means; the parts which are capable of rotating about the ehaft

- are connectcd through-ea. Yeyerto &n-o0il dash~-pot and the oil-

- pressure produced. ig indiceted by 2 monometer.” Thig o0il press-.
ure is & messure of thre torque produceds The test peices are =
ghown in dizg. 4, e£nd consist of - chaft (6mm. dia, and:3lmm,
long) and two b ushes.  The skaft to be tested is fixed to the .
dr;ving she £t with ¢ bress pin:  vhen #» sufficiently highjtorque
‘is reached (eepecially with seizure) the pin will shear. ' The -
b ughes are cylinderical in shepe but the face in contect.with
~the shaft 18 cut sv ee.to i.rm-dwo planes ot right-angles; 8o
" thet the sghaft runs betWeen\four of these ‘planes, all at rlght-
.angles. ‘The shafts used are tsde of unherdened draswn steel
rods, while the sockete are herdencd and gruund along the

plene surfsces: Wth ehe Pt ané scckets were obteined from
4Meesrs. VOigt & Co., uf Deutsch-Osclg. The distridution of -



-
the forces actzng on the 1oad-transmitting 1evers and the test
fgear is shown in disgs. 546+ ' The.transmission ratio being :
'£3:207.% 1:9, a force F exerted by the spring produces a-force Q

‘- 9F, where %-is the force acting on one socket, - The normal -
}pregaure at esch part of contact with the sheft then becomre 8- -
~ ensbling the friction, force and torgue t0 be calculstsd.r‘
In ghe instructions given_negardlng_use_gi the apparCtus*—a~force~"
P =28 hzs been employed in 21l load trnbles end cslibretion :
‘curves. - This force is not reslly brought into zction as it wes
bbtalned by aGaing thie @ctusl velues of the normal pressures
S1 end Sg, &nd S3-and- -S4 respectively, instesd of being determin-.
ed by vector eddition.  This idea hes been teken by the Techni= "
cel School from the instructions relsa ating to—the -Amsrican appara=
tus end wes:sdhered to,for the sske of s;npler compsrison, S
'Below, the factor § = B 18 introduced instesd of the forece P,
..which has the sdvants ge of being the sctusl force iee. the load
on one point of contzct, - Comparison with the Amerigcan original
“iss easily made bJ doubllng thr ilgures. o . o —

o ‘In the test the Americrn mcthoa wag employ:d first ef ell.
4 prelimin“ry trial of 15 mins. duration ic here carrieé out, °

- the purpoce. of which is t0 reise the temperature of ths 'machine

.. to the level 8% which actual triels cen be carried out. . New
test peices sre then fitted =nd fresh oil is put in the vessel.
" The trisl proper sterts with & loed: of 8 = 112.5kg. for a period
of 3 mins, (dxeg. 7); the losd is then ra1s=d £t intervalg of
1 mirute until & meximum of 340kg. is rssc . From then on-
.wards the load remains constent, mezsuren ntb being made at &
minute intervals, of oil tempereturc, number of revs, torque and
amount of ‘weer, The 1atter is meaeured ag . follows' ' ‘

. Tear results in = sneller 10ﬂd gcting on the tcst peices
80 that in order to keep the pressure ekerted by the spring,
constant., it is necessary to keep on turning the losding wheel,
The amount of turning required . is in direct relation to the wear
produced so that it offers & mepns of messuring weer during runn-
‘ing. The test ende efter 63 mins. at the end of which the test .
" pleces are diemantled, the length "1" being messured (see disg.6),
The amount by which thlS dimengion is reduced comgered with the '
[d1)1length at the beginning of run®*is the exact quantity of wear and
affords & control on thes messurements tskéh during the test. _
The test procedure {ntrcduced by the Anericens ‘and leid -down-in
their service manual assumes, of course, that. at theses high loads .
-the ‘lubricsnt will stend up to & non-stop test of one hours dura=
tion without causing seizure ¢f thc tcst pleces. Since it became
-evident that the majority of the gear 01ls used in Germany- cennot:
live up to the demends mede, the fest wes mod ified sécordingly,
The ccnstant losd of S = 340kg. wes repleced by cne of 150kg.
‘built uwp, as specified, within'the first 6 minutes (disg.7).
This method, egain was nct gsatisfretory so that & third method
had to be adopted in which the load was incressed step by step.
The test wss started with 50kg. load, the load being increased
-.et 8 rate cf ebout 12.5kg. per minute corresponding tc 8 dial
 genge -reading of 0,05mms In this menner one chbte ins “the load et
“which seizure gccurs. = The torque is reed off with each loed
ahd thecoeffiecient v¥€ friction. celculsted from it.. It wes
© -found thet an eveluctlon of erch 311 c'uld be obtained by thie.
*-nethod. : ,
. . .

2). The"Four Ballv Machlne. . T A R

. This 1s made by the thnPniH;Osesg Wurks, end their service
"manual contains fuller details about -ite construction and oper o=
tion., ' In this method tecsts of one minute durstion are cerried



:-;;ubr

out at different loade, and the diasmeters of the wear scars-on
the three bottom balls are.then measured, . VWelding sction takes .
place on the balls above a certain load, 2nd this load is ascer=-*
talned for:easch oil. - S S : .

L,

3). The Almen-Uieland machine. = =~ . L /
- . Thig uses-a bearing of mild case-hardened steel with a shaft-
“of unhardened tool etesl (o,3mm. dis). Tolerance in the besring
emounts to O.emm. &nd the bearings are forced hydraulically-sgain=
st the eghaft-which is roteting at 200r.p.m. Ioeding takes plsce
by the eddition of weights st intervals of 5 minute until elther
the maximum loed for the mechine is resched or seizure of the -
- bearings tekes place,. 7ith the addition of each new weight the
- frictional force at the sheft perimetér is messured and from it .
the coefficient of friction is caleulated. A closer description .
~of the Almen-Wieland iApparz=tus will be found in the publications
of the Optimol Co., and in several booke (e.g. Kadmer: "Lubri-
cants and Lubricstion®). . = . ‘ B

_

4). Comparison of the three mschines, - /-

., The vtects. carried out on the thrsec mschineg were mede on &

. comparetive besis, r~nG the cherscteristics of the mechines sre
.cleerly. illustreted in diegy '8, From it it is seen thet the
Felex Tester fells in every respect somewhere between the Almen- )
Wieland apd "Four Ball"-mechiiess . The Ailmen works with the
lowest rubbing speeds, the softest msterisls and the lowest pres-
sures per unit zrea. The concitions—pplying to the "Four Bell®
machine @re in complete contrast to this. This strong contrast °

" leads to very_little agreament between:the two instruments. and -
the fact that the cond:tions epplying to the Falex Test lie in
between the two may enable us to find the missing link in the

- explanation of .the bad agresment. ., - - o T T

C). Resnlts.
'ﬂ,Tests wsre'carrisd out with the folldw1ﬁé‘6iis; T

L _ K Viscosity . v

: ' Lubricant " 389C. 99%C. V.l,
Valvoline Hypoid gear oil No:dGe — &06eD .27 73
Veedol Hypoid gear oil Npegéz - 98l . 42.5 -11¢
drmy Stan'd oil No,.1057+10p . - _ ’ Ce
" = (Chlophen)No.£.30 .96 - 8.8 43
Army(Winter) gesr 0il Ho.1032 132.0 ' 10.6 48
'YRed Band" Standsrd oil No.391 245,32 18.7 . 92
Repe 0il . . - 56,5 10.6 . 144

The six o04ls were first of all tested according to the pro- —
cedure -laid down in the service manuel,” but this methord could. be
applied to 3 oils only, the remainder producing seizure of the -
“test peices before the réquired tezt load hsad.bsén gpplied. The
results illustrated in dizgs, 9,10,11 and 125 show thet satisfactory ..

- differentiation between the three lubricznts is pcseible and. the
experimental points aré not scattered mors widely ‘on the greph—
then is the cese.-with tHE-results given by other machines of & -
similar type. Phe tempersture of the 0il showe considérsble in- |
~crease even &fter the start-of ths test proper (ding.5), in~- . ’
‘diceting thst cesplte the trisl run of 18 minutes conditions are
not yet constznt, ané this iz probsbly the remson for the decrezge.
~in fraction toryue. -~ In&ll cases the amount of wear on the test
- pleces ifidicated by the iumber of teéth on the wheel (Disg,11) .
is less then thet indiceied by direct measurement (Gilag.13),.
This is Gue to the fact thet soms wear hac dccurrsd before.measurs-
ments were taken (i,e. curing the- first 18 mins.), anéd thig)is not |
taken into acéount. = [t only certain lubricents could be tested



.in that manner trials were carried out.with the lower: continuous
load, i.e.'S = 150kg. on four oils ohe of ‘which, (Army (Winter)
_gear drive 0il No. 1032) proved deficient through permature seizure.
“Bhe results are shown in dizgz, 13,14 and 15 and ere particularly
Antefesting becsuse of the conc lusions to be resched Tegarding

the lubridents. It is seen; for instsnce, thet MRed B:nd o0il, an

—.ordinery. aero-engine o0il, behaves-more'efficisntly,W1th respeet to
friction, ‘wear &nd tempersture, than Velvoline Hypold Gesr 041, N |

- Also, 1t seems strenge that Aruy -(Winter) Gezr 0il/ghould fail et . -
all. It seemsfinéorder,'therefore;”towcompare_thié@method,yaa& o
vell-as the origindl one, with the results of other tect zpparatus:
diag. 17 shows how these six oils fered in-thé_“Eour-Ball"nmachine,;

. According to-that instrument, Valvolipg.gesrfﬁfI‘ié‘thg‘bestvhigh[

: pressurevlubricsntjbeing_slightly¢superiorvtovVeedal Hypoid gear
pil,_while.Army'Standardwoil.v'10% Chlophen 430 shows _no properties
a2t 21l which might encble it to work st high pressures. Accord=
ing to the results of the Felex teet, employing the original method
-these oils“should’arrange.themselves in exectly~the_réverse”order o
(diags. 9-12).  Much the seme epplies to the 0ils tested under

- the- lover load. = While Army gesr oil (Winter) 12ils’ completely in
the Falex test, it stends up rather;well to high pressuresi when
tested in the "Four Ball" machine, being superior to both "Red

- Bana" and rape oil, e R s Lo e

] "—m--'\ ) - ‘.,.“"“ i - - ) ' L i A -

It is aled seen thet the oil which poscésses the -best proper~
ties under:high preEsure. - Valvoline- Hypcié - gear oil, when tested
-eccording to this:methoc in'ﬁhe‘Falex?app?ratus(&gein Goes: rather
badly with respect to temperature, Iriction and wesr, . Consequente-
ly as there is too much centrediction betwéen the Falex ang "Four

~Ball"results, attempts were mace to improve metters by altering
the test oonditions in the Falex enperatus. e Lo

) wccordingly, the method' eGopted was not based. on a ccnstant
loed, but 28 in the. Llmen-%Wielenc mschine, on a graduslly increas-
Ang lcad(dizg 7.)giving the results - illuctrated in diags .18 and 19:
the acventsge of this method lies in the tect thet the test can be-—
carried out.on gvery oil, Mhe 21l is judgeé on the meagured ..o’
ccefficient of friction end particulerly the.lced at which seizure-
commences.  The results, however, when plotted ere rether widely
scettered which is = feetor that must _alwsys be reckoned with in .
such tests.  The cvefficients of fFiction ere remarkably low end
in the case of Valvoline Hypoid gear oil there sre violent flue~ -

_tuations ¢f the friction reaiings, ~ Presumably this is cue to °

~ the periccéic abrssion of smell metel perticles. - No seizupe tosk
plece with thet method, Guring the tests ‘un Hypcid ge2r oils . anQ

~Army StanCerd oil < additive., Yiith respect tc the ccefficient of
fricticn, Veedol Hypoid geer Lil snd Army Stanccré o1l 4=10% (see
npte L) 430 occcupy the first plzce, followeé by Valvoline Hypoid -

-gesr 01l, repe 0il, "Re¢ Bang" Stendard oil ané 4rmy gesr oil

~ (Yinter), in that order. . ’ : : R .

‘ It is clear then, that =ven this method priduces ne similar-
ity cf results with thsse on the "Frur Bell" mschine, . On the
other hand, good agreement exicts with the resnlts ¢f the test,as’ -
shown in dicgs, 20 end’ &1, the order -¢f merit remeining the szme:
‘with the excepticn ¢f repe w1l which shows up ' msst faviourabvly in
~ the ilmen test. cl ST : S

1

D)vaonclusionr . ' -

- The following rule msy be sccepted me coPrect: under the ,
‘_COnditions'of-thé“ﬂlmen7Wiélandstesx;f"mild";high*pressure‘oile o
€.8. vegetsble oils, rezet very well, High presesure. and -extreme
pressure lubricsnts are inclinegd to:czuge selzure or et lecet. -
-exhibit- high coefficients of friction, in,other words they are .
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‘not outstanding.  In the Falex method last ‘described the good
- properties of the Bypoid oils become 2 little moere evident, vhile
..rape oil, producing seizure-shows up less fevoursbly. ~ While the

8tep from the Llmen to the Falex apperatus is smell that from-the
_F&igx_tq the ?FourfBall“ispparatus'shifts;consiéerably the poeit~.
‘ciopg.in the scale of_values,of,e&ch@oil.‘”‘ItAis_ogly then that

, the?pressgre;adcitiygﬁgproéuce their full effect, =g seen in the .
- excellent results obtainedeith,the,twp‘Hypcid.oils*and,themfactt;;g
thet the drmy gser oil tskes = lesding placein-the semle, -
SMMilen E«P. lubriecents like rape oil—>r Chlophen lcse their -
,”efficiencyﬂhere,'while*addiﬁiveffree mineral nils, e.g. "Red

iard 01il, &5 sxpscieq (oot precuce perticularly good

&

~results -in ahy o the three mschines. . The reason for thege -
large Glscreprneien—iies 2ob orly in the varying-eonéitions,
like sli@ing velocity, pregsure per unit zres_etc., but in i
the use 'of different materisls. 4s shewn in Report ‘No. 548 'it is
psrticularly in the crige ‘of ‘extreme pressure acditives—(e.g.
- sulphur - compouncs) thet.%ns question of whether harésned or
. unherdened steel be usec, ULecomes importsnt. ¢ "Mild" adcitives
€.8. vegetcble olls, behrve satisfactorily sven at Maximum loeds
1f the working substinces ers unhardened eteel, czgt iron and
“Similar materiels, while thsy fail if ueec on herdened steel.
. With Hypoids. the stete of aifelre ie completely reversed so that
. the Cifferences in materials usecd for the test pisces in the three
machines:are of grest lmportance in their evelustion, ‘ -

. To form an opinion as to which one of the three machines . :
'is the mogt suiteble for the Imvestigstion ~of geasr lubricsnts —
-one must be clesr regsriing thetype of weer thet accurs on gesr
wheels: three Gifferent menifestations of wesr cen be expe cted
viz, formstion of grooves, ebrasion 2nd seizure. Groove. form-
¢tlon will not be coneilersq here &s the three test machines
dezl only with pure sli¢ing action and 8¢ - do not produce-this
type of effect. Abresion is slom =nd continusus. le-ving the
surfeces smodth sné in s technicel useabls concition.: Wear
through seizure is cefinitely more ¢sngerous, it will occur
under excesiive load on the criving ‘gesr, ‘leaving the edges of
‘thé toothed wheeils baCly  torn &nc ritted anc will lead to rapic
Gestruction of the wheels. Seizure, therefore is by fer the
more.unpleasant ferm ¢f wesr snc one trkes peins to svéid it by
“the use of extrems pressure lubricents.  The letter probably
react chemically waen in ciatéct with the metrl, uncer the con- -
Citions of high veunerature at the points ¢f lubricetion. _
Metsllic szlts are probebly formeé removeé by friction, ané im-
medistely retormsd. ~ The protective leyer thus fermed theugh

it preventes—seizurs; nrusth necessarily 165 5 incrensed abrssion,
In other woris, wesr through-seiZure being the grecter of two.
evils, will be replaced by wesr through continuyl sbreasion.
Meta2l sbregion also oecurs when ths loc¢ on the driving gear is
small. Vith low-losus extreme pressure lubricesnt s, such as

Hypoid gesr sils, will tharefore behave lees eatisfactorily ss
regrrae rbresion than lubricants: not conteining such e2dclitives. "
Thet is why the very cils consicered uncsatisfectory when tested -
-according to the originsl Falex meth:o¢ sre éxactly the.ones that
show good high pressure properties in the "Four Ball" mschine.
4 reciprceal releticnship can &lmdet be estéblished hers: in
éts original form the Falex methsd essumes sn £bility to> with-
tend a certain minimum high pressures . Of the lubricants ful-
filling the required cinditions, an eccount of the dur=tiom of -
:.%he 'test that 2il,is. cinsiderec the best which prcduczs the low-
. est tempereture, coefficient of fricticn ené emsunt ¢f wesr.
"> objection will be mace to this method =g long ss §{t ca2n be :
proved thet this perfoirmsnce uncer = minimum high pressurs cirres-'
ponds “to the conditions in en-sfetuel geer wheel Grive. Grest
Cifferences exist even in comparison of the "Four Ball" and



Falex machines, so that 1t may be assumed thet gre t differences
will exist 2lso between the: evaluztion besed on the Falex mechine
~and ‘that given by actuslsprectieal-conditions. ~ This assumption
. -is bssed directly on the fzct that the test pieces in the Felex
‘mschine are not mzde of the semg mnterial =s toothed wheels. e
So that the "Four Ball" zpparetus. appe"rs to be 2. f r nmore suit- -
able test for high pressure lubricznts," tqﬁ 1men-W1e1and machine
belug completely out of the running in this rcspect. . ~Another
advantage of the "Four Bali® machime is its cvallabllity and the:
reprodacability of the test ticces, . The clair that this machine
_emplﬁys sxceasively high Loadz iz perhaps jusTified in the case

of the method of the Rhenania-lssas horks'adoPted nerg butit-lew
quouc possible -to reduce the th-rmsl &nd-mschanical atteck at
“the' lubricsted suvfacze by altering hv Spoed o, rotstion 2nd the -
load, . T : : ‘ ' .

;Illustrat*on No. 'T;”ggiiggihoo.'
"1 end 3- | i View of ‘the Falsx npparetus._

/. top: revolution counter
electrical hester
. test pieces :
R TR AR “0il container =
P  bottom: lozd trensmission levers
' T e celibrsted loading wheel and
TR A o lo=d mech¢nlsm
' S o0il dashpot ‘

N

E. R | .' Loadlng me ¢ eniqm

-4, f‘_ RERE , Dest pieces.

:5.o _;' o | o {,f ) Dlstrlbutlon of 10rd on. the 1evérs
e - ’ Dlstribution of load on the tast

pleces.
forcag perpendlcular to sheft et -
point of cont?ct.
f?ictlon force
tOt:l torque (%T = Mge

T¢ - oo T thnoos of losding used in the Fplex
R i A”““f“___»pp—r =tus: ord: dlal gauge read= -
- lngs sbsc: _time.
s o bt —method laid down in scrvice manusl
R - loading .increcsed step by step o
© e *~method nctu*lly employed °me11 10Fd.'
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8. Co onorscterlstlcs of the tbree mschines
‘ No. of revolutions
'Rubbing speed
Viekers h'raness ¢f stﬁtionqry rerts
coon - . " moving- AW
/ Max. lozd = @ mexe - . - : '
- Averegs losd = Qmeen o
-Msen pressure -»p
Mesan pressure besed on- Qmean ‘
(Footnote under The tolerance in the benring is 0.2mm. with
dxag;¥mﬂ . @ chzft dis. of 6.3mm. It is doubtful-.
©  ‘whether with so grest a tolerance the °
_ breadth of the shaft is sctuelly 6mm,
© |the value assumed in the directions for
- the Almen-Wieland mechine. The figures
in brackets cslculsted by Hertz's method,
probably approximste more elosely to
pr:ct;ce). :
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Illuetratlon No. L 'Q&Elgé, -

9 - 12., o RO Mests in the Falex chhine rccordlng e
. Voo T .~ “the procedure originally laid down
'_'ﬁf 9. 1;5,;,f;;_44 Oil_ﬁempnrqture/Time greph~——-{ SR

i 10 oim»"‘i"-"tf - D - Tor que/T 1me greph ‘ . .
'7""*~11.;;rff~——%' LT Venr/Time graph .
~',‘12-1 ‘ ‘ “,'- a Werr as memsureuﬂ—dm d wear on shaft
T - R P A}J.total Wesr. -
10 - 16 T T¢ ©s in the Falex m~ch1ne with 1ow e
R R coruiwuous lozd; R R
. 53.7f2_44‘_‘f. L S nemperctu*e/Time grcph REEE
oo 14, T e mmqueTum graph '
- . 15. o . .. Vear é&s read off the Wheel callbra~;
Co 166 gy ,~;Aecr 2 nctu?lly mcasured 431 es,- i
TIPS ' U _ ‘Ad above
7. .« Tests’ in the “Fuur Ball“ machzne (Rhen*.
e S : anis-0saag method)-
- T Weer dlbm»ter/load graph _
o .0 end of test through Weldiné effects
18 and 19. ‘Tests in the Falex app_ \tus with

S : incrcrsing lo=d.
' Torque/lofd graph({o end of tests
L - through seizure)

Tects in the Wiplenc machine- o
- Friction force/loed grazph: (No. ofﬁﬁ
" 'plates surfece pressure) o
~: onend of test through seizure. -





