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Lubncant Tesmng in Smell—scale ¢
_ TR A}ggaratus. SITET

(Lec‘cure_delurez:ed on the occusmn of a meetmg of the
Lubriceting 0it-Pancl.at the. Tebtlng Station, Oppau on ‘
| . 26th Feb. 1943) . \ |
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Hopsis: This report + describes epperatus us sed 4in ‘tpe‘teéti:'ig of
lubncants at the ‘I’estlng Station oppau. SRR B

The 1ns*bruman-b employed_’co—determne cocff1c1 ents of friction

'undn.r conditions ‘of llmltlne; friction show satlsfactory sgreenent among
,.themselves as regerds the evaluation: of lubricants. Wi'th measurements L
of the amount -0of wear the results are larfgély dependént on-service cond:.tions,
in partlcular on the neture of maferial employed, on the temperature and on .
‘the ‘roughness. of the. surfsces: conuequnetly & unifora conclusion. regarding
the manner in -which a lubricant influences wear is difficult to reach,
Vuth a dumber of esters a reletionship between the frictional coefficient

'{ end weET may be -established under certein test ¢onditions: thus, oils .

’ produc:.ng littlc. wear have hlgh coeffici enfs of fri ctJ.on, and nce nrer':a.

. .The 'Four Ball" me. chlne end the Almen-m E,lund apparatus are cmployed

for the investigstion of cxtreme pressure lubmcants, end both machines -
. throw light upon the process of seizure. The tests carried Out with the
« two machxnes yleld contradlctory results. R

‘The rapid progress que J.n.Jnechanlca.!. science bnngs mth 1t ever
increasiqg demands on working substances, e.g. lubricating oil ete. © The
present- war further increeses the demsnd for quentity and quality and at.

- the seme time bnngs gbout greeter difficulties as regards- the supply of -

rew materials.” = The task confronting the oil chemist, is therefore not . ... .
_alweys easy end he recuires-sui table testlnp Taciliti es in order to invest:.gate

the problems conngcted with h.lu prouucts. ,
. ‘The purpose of. th:.s ‘lecture is o show the menner-in which tests on’

lubncmts &re cermed out et the Testing Station, anphasis be:.ng lald on

the tests on lubncmts on smell scalo anparatus._ ‘ ‘ o

. . I
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. When testing the 1 lubn cating propertleq of on oi‘l‘one must be clec.r
regarding the various phases of lubricestion: \t‘qe e cen be most easily dem-
onstrated in g losded. journel bearing Disg. 1lis a gruphical representation
of the change in the values of the frictional coefficient at the besring

~in reletion to the number of revolutions made by the shaft, using three .
different oils of equal viscosity.. It cen be secen thet with o large number

' of TEVolutions end othertise similér condi‘hono, the three oils produce /
eguel coefficlents of friction. In this cuse & comperetively thick '
lubriceating Tilm separates the sheft from the bearxngu, ‘which £ilm is capable

~of cerrying cll of the pressure on the bearing. “In & menner of ‘spesking the

‘shaft is floating in the oil film , while the ecccntnci ty of shaft and
bearing is but smell. 'If it were possible to increase the mumber of revs.

- to-infinity, the bezring and journel would become- concentric, giving the * -
- greatest possible strength to the lubriceting filn under that condition.. .
If on' the other hand the number of revs. is reduced, the shaft will tend more

and more to come into conta¢t with the beering., A% the same time there is . ’

'.v_“a decrease in the eoefflclent of Frinaiis~n ix the beering until @ noint of



inflection is reached, 2lso known as the riusklink® point.  Beyond thet
point the coefficient df friction-rises rapidly to a maximua velue when
n=0, when tHe shaft is in sctual contact with the beering.’ This point ™
Jf inflection is of particulsr importance. To the right of this point
i.e. with higher-specds of revolution, we cre derling with a stete of
full fluid lubrication wheére the lews of hydrodyneamics come into force,
‘gnd wear does not occurs The velue of the coefficient of friction M-
_is then only dependent on .the viscosity of the lubrieant, provided thet
.mecheni cal conditions are constint, i. e.' pres ure between surfeces, number -
. of revsi-end shepe of besring are ¢ll the same. . This 1s why oils of equésl

~ viscosity Will-prodece equsl. covfiiciecats—of frietion no.matter whet their
renain‘i’ng""‘chenical'"'z-n'd—'physi-w:s:k—;‘;;ro_pevrt-i—e_s_-m,syibe'.f—/_ln;.,ith"_ gion of the - _
point of inflection the-friction curves separate end-fom<peths ol their ™.
own. ~ It is here thet the lubricating power of the oil becomes noticecble, -

“pnd ‘this comes into full force in the région of limiting friction, when the

. viscosity no longer pleys eny pert in the nroceedings. In the region of .

perticl friction { or partiel lubricetim), i.e. neer the point of inflection

. fluid -lubrication cnd bound ry lubrication go on -side by side under conditions -
_ of boundery lubricetion, shaft ond beéoring are so close that the metel -
~ surfeces sre sepercted by,only & few molecular leyers of oil. . The e
lubricating action will be the more effective the more these layers, zbsorbed
. -by the metel, edhere’ to the surface, thus giving it protection. . Lo

The state of sffzirs aimed st in practice is to work with the lowest -
possiblée coefficients of friction-in. the region of fluid lubrication, a%.
the same time keeping cway somewhat from the point of inflection, for the’
seke of safety: e sbate which it is quite possible to reach. By suiteble
-construction of the beering shell &nd particularly by suitable selection -
of the oil &s regsrds viscosity it is possible to choose_the most favoureble -
region ( see disg. 2), although the region of "ii xed" and boundery lubricetion
can nover be completely avoided. These stages of lubricetion ere passed:
through esch time the mechunism starts or ‘stopsy similarly all. oscillating

end reciprocating movements tszke place in the region of boundory lubcrication,
especiglly 8t the end of each "oscillétion" where the motion suffers a
reversél in diTection, thus leading to WeET. In‘ such c¢ases -the importent
factor is the lubricating power of the oil end it is.therefoye-necessary, to.

investigate how that ‘can be measured. _
. Fundanien elly w's"ii?ééking; two avenues of apprbac'h are availeble when

‘,t_estipg,'lubri'cmtS: ‘one can either usc & piece of machinery lergely - , ,
corresponding to the prscticel cese Tor which the oil is required, or one c¢sn

construct speciel test epparatus suitebly designed to teke the necessary N
measurements.  In the former cesé, for instance,-A-gesr dil would be tested
in & trein of gear wheels, a gun oil in ¢ machine gun, a torpedo oil in
the mechanism of & torpedo, @ cutting oil on & lcthe, ete.  Tests of thig

._kind require greet expenditure of nmetericl 'and lebour, ere cot to take &

- long time and_ do ‘ot necessarily yield reliable results es their sceuracy
is often impeired by circumstances beyond the control of the operator. -
Apart from thet, such tests would hardly cllow the neture of lubrication to

‘'be more closely inv,}é:St_igated,- while on the other hand they heve the . - '

. sdventege ‘of produecing conditions:peculiar o, or ‘closely resembling those:

met with in pxg_‘t/we:

. ~The other method of epproach employs test epparatus ‘which is relatively
simple, shoe test pleces cen be essily produced £nd retein ¢ lerge degree
of uniformity, end Which sre both -cheep- and easy to hondle. ~ Such epparatus
%1l yield quentifbtively reproducesble results.in a comparctively short time.
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The. dlsadvantage, hcm, lles 1n the neceasn.ty to dlgress rather far from -
_precticel conditions, so that it/ is freguently. somewhdt risky to- ‘apply- the
test results to zetucl prectice without leying oneself open to critiolem;:
_morsover, this pmcedurn may well csuse the value of the: lubricent to be -
wrongly. assessed. . -Both methods of investigoetion heve so- far been adopted
et the Testing stetion: in latter yeers, hovvever, preference Was ‘given to -
“the development of smoll scele Zpparatus, . i.e. instruments of the sceond
type, .becsuse in that wuy clone could & pr'nel—b?:'"ls‘be ex eated for the
‘ investigatlon of lubricents. B :
) Accomng 1o’ thelr purpose, tne mstruments m\y be grouped under .-
3 headlngs. L s et

1. Apparatus for the measure.nent of cocfﬁcicnts of fnctmn, under
~ conditions of boundery lubrications o

2. Apperstus for the mezsurement of weer :

=B ~—App“I’P‘bus to_ detcnnlne the ,.,fC‘Lcwncy of lubncants in: the prcventlon of

: 'se:L 20T, -

-

, It migh‘c be conmdered a good ldCd to meaaure the- coefi‘l cient. of
friction; =% boundery lubricction, in w machxne running on- notmzl boearings,
e.g. crenk shaft becrings:' the curves obf.ined Would be similzr to those
in ¢iegs. 1 end 2. In this ¢msc et eny réte, the step from the test mechine
to preetice would be very smoll. .. hlswdvnm:ﬁge:'hm”enr, is offset by
,ons1derabl"e—‘d1sedve:ntq,_,gea. . Weering tekes plee in the region »f boundery

Jrietion end this. cd luses phenonens . w}nch put difficulties in the wey.of .
religble mecsurements being teken. . The choice, therefore, lies between
foregoing the takmg of such meésurements &nd only working in the région
of combined fluid and boundery lubricetion, or being forced to renew the
beering frequently, accepting 1l thet this entails in the wey of inconvenience
epart-froa the fsct that the reproducibility of the results may well be
.nnfavourdbly sffected through such renewals. It is important to cut out .
eny effects, due to viscosity, for it nmey wcll hapnen that chﬂnbeq in. the:

lupriceting action cen be.treced down to. ch:.nMs iu viscosity. ~ This . ’.
'zddnger is very grect whem working in the region of "omixed™ lubncation a

.fact Wthh is partlcularly well J.llust ated "in diag. 2. AR s W

The reglon of bound Ty lubrlcublon in which meusuremcnts are to be made,
is more ‘readily etteineble viith. smell apparatus then with full-scole
machlneryJ, end for this reason et the Testing Station we use to & large extent -
apparetus conteiiing test equipment which is teedily obteinable. . The types

- of epparztus employed here, are 1lluotratud\1n diag. 3. In cne piece of
epperatus &.chein is pessed round & slowly revolving steel cylinder and 9
loaded at one end, the erc oI' contect subtending en angle’of 180°  Both °
¢hain end cylinder dip into the oil under test which cen be electrically
heated. = The cylinder tends to pull the chein in th direction in.which it~
is itself revolvmg, and this pull incresses in strength #s the slipperiness .
between the chain end cylindel decreases i.e. o5 the friction in the lubricenmt

. .between chain and cyllnder increases. The. fnctlonal forces set up.cean be

.measured by meeng nf u balance, end thc ‘coefficients of friction can then be
.celculsted.  The second instrument, the Almen~-Wielend mochine, employs.as
test pieces a shaft of 6.3 mm die. with & split bearing.,. The whole

: 'errengement is immersed in oil znd is loaded step by step by the addition of
- weights.  The shaft, on turning, atteupts. to move both halves of the bearing -
in the direction in which it tdrns, and the peripherel force set up is y '
messured on & bl ence for each addltlon of = weight; the coefficlent of friction

,'cenhthen be calculeted from this in each cese. , New test pieces are used for
each test. . .
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~“The 'thi‘rd-/farrangeﬁgni; amse-ffrbm ,ﬂie" n’ee'd:.(” 'in"ordgr, to ajio‘id greater— .
discrepancy between results) for test pieces possessing-the smoothest: surfaceS-
possible, while at the same time they hed to be easily obtsinable. -Ordinery. ..

‘steel balls, &s used inball besrings, @re employed herc; running in eonical _
cages made of & different metal, = - The coefficient of friction can be S
caleuldted from the torque sst up on the dise. - A new-disc and ball are used
for each test, vwhile the disge. having ‘tem used once, may be re-ground, for
further experiments. , TR R BT

‘Some of the results with. these three pieces of apparatis are shomn in the
Tollowing illustrations. : Diag. 4 shoyp the chungd in ihe coefficient of. v
friction for refrigerator oil in Télatidn to temperature sccording to trials -
ccarried out in the chain apparatus. - ITest metericl 19 vields Tosults which are
ebout 10-15% lower. 4 mixture of both oils, however, does not give a. curve:
lying helf way between the two, but one which lies still further dowvn the
scale., This effect oamixing has been observed guite often, as in the.case
of fatty scid where a similaer result wes obtained when -it-was-added 'to other

E

oils, ~This particular instrument appears to be especially suitable for tests
on lubricents used-in the ménufacture of cutting oils. 3 synthetic lubricents
ond repe oil added singly to regrigerator oil in quantities of 5%, and tests in.
the chein apparatus yielded results shovn in- diag. 4.  In actusl practice
‘these lubricents were arrcnged in an. order of merit. corresponding to the
order of the friction coefficients as measured in the test: viz. lubricetn C
better then B, B better thot A, and rape oil best of ell. ‘From this it
appears thet the friction. coefficiints, &s measurcd here, provide a certain .
stenderd of compsrison in the cese of cutting oitsi— Dieg. 5 shows further
- Tesults obtained with the threc instruments snd from-this itican-be seen that
the differences that oceur czn be quite considerable.  The behaviour of the
T sulphur’ ester’ during trisls in the chain cppeEratus s moteworthy, giving a
minimum velue &t sbout 55°C.  The decrease indicated by the left-hand part
of the curve is probebly due to an-incresse in chemical activity—with & rise
.in temperature; while the subscquent rise mey possibly be caused by tho gradual.
formation of @ leyer of sulphide on the tombac (pinchbeck) chein, - A ST
‘clearly defined mixture effect cam sgain be observed in the cese of & mixture of
E 515 end S-Ester. The mebrity of lubricents produce a curve whers friction
, increeéesvgith a rise in temperature, a noteble exception being mede by 1tpe
oil where the coefficient fo friction falls with the i‘isi!rg—tanperc;ture.‘ It
is guestionschble, however, whether the chenge in temperature reully is the
cause of this: it rather appears ©s though the duration of the test, i.e. the
“time fector, has grect influence. This noint will be dealt with later on.

For the ,sak‘e of —comparison, the Teaulis obteined with the Wielznd machine

- heve been grouped ‘clongside those eh*oined with the chazin cpperatus.  For -
thesc tests the original bearings were reploced, by brass bearings (Aeterna
VL 22) cosrrying & silver stecl sheft. Thé test i3 corried ocut 2t Toom '

. temperature, although o graduel tempercture rise due.to friction in the beariag =
is unavoidsble. - The curves represent the chenge in the friction. coefficient’
with increcsing locd, ond the 6 oils are placed in &n order closely cpproximeting:
to that obteined with the chein epparetus between 209.2na-40°C. - However,

~“the friction coefficitats cbtzined from the Vielznd mechine are =1l of a ‘lower

~order than those given by the chein spporatus, This is expleined by the fact

Yhut the Vielend mechine does'not work in the region of boundary lubrieation® -

to the seme extent es the other instrument. ,Thus 2 certain pert is still

pleyed by viscosity, o stectement which is borne out by the fact thet in the
region of emeller locd, viscous costor oil eppezrs torbe preferchle to rope oil.

~ On the other hend, with incrensiag lozd the beering comes more within the region
-of boundary lubricetion, th¢ effect due to viscosity decrezses in importance eng

the Detter lubricating effect of repe 0il becomos evident, o



~""Interesting resulis are also-obtrined with the third arrsngenent;whére 8
beering bell rotates on & disc, and where the coefficient of friction becomes. .
dependent; on the time intrrvels - L 615, E 426 end castor oil show little chunge
- in the velue of the coefficient duriag = test Jesting L hour, whereas'in the

< ¢ase of S-cster end oils contahing S-ester sdditives & repid increase takes place
_ followed by e decrease. ~ Corrosion mey be pertly responsible for this. .-

e -

‘Interesting too, is the test on Tepe oil in which the value of the coefficient
—of friction»-decre,asesv right from the start. . This is preswmsbly duc to the strong
" .wearing 2ction which results in setistactory rTunning-in. Tae similerity between
" ‘the curves obtcined in this test with those besed on the chain apperatus is - '

striking, so much so ‘that it mey be reasonzbly ‘suggested. that the time factor.

" has some bearing ¢lso ORthe chein apperatus. - v - ’ ‘ o
From these tests it follows thet mo definite velue of the coefficient of -
. friction mey-be given for ony. on¢ oil, as these values €s meesured in the various
instruments, never correspoud. = The resson for this must be sought in the use '
. of differently sheped test pi eces end verying meteriuls, -tempersture, rubbing
speeds etce At best the oils mey be arranged in a certain ‘order of merit, and
* one should be pleased if egreement is obteined in that respect. S

_ . It is importent to look. at the significance of friction coefficients, &8
meesured in the three instrunents, in the right perpective. ~Actuelly the fact -
that there is e reduction in the resistence of engine parts in rubbing contact,
“"due to lowered friction coefficients when & stote of limitingfriction exists, -
cen be of-importence only in -certein exceptional eases: es & rule, the redyction
obteinedi in the smount of power required to overcome friction is negligible. -
Low coefficients under conditions of limiting friction do, however, heve some
meening in-es much as there.is probebly = certsin connection botween adhesion
‘and fri ction in the nelghbourhood of limiting fri ction. - It mey be expected
that en oil-having low coefficivnts of friction; suches cestor oil—ané rcpe
oil, will protect sliding metel surfaces -even under. unfavoursble conditions. -
— The evaluation of ‘e lubricent, however, must not be nade_solely dependent on
the measurement of the .friction but measurenents of the emount ‘of weer produced,

must-zlso be teken into ‘wecounty .

‘Pundcmentelly spesking distinction st be made between two —types of wear,,

In oné case we are deeling wi fh o slow but greduel ebrasion of the material,

_resulting in-smooth metellic surfaces. . In the other, wearing tekes place with

seizure, resulting in deep grooves which will soon meke useless the engine part
‘“in question. - Below the first typc of-weer %ill be considered:i - :

. A wear-producing machine was developed at the Testing Stetion for these tests,

working on the following principle ( diag. 6). = Two drums fixed on & shaft are .-
set in rotetion by mesns of € motor equipped with reduction gear, via 2.

connecting Tod giving reciprocating motion, The drums are lined with steel
strips, hardened end polished which serve ss rubbing surfeces. - Cytindricel
wearing pins made 9:1' vericus metels are pressed ageinst the underside. of the
-steel strips, the losd beingepplied by lever c¢ion. Both Tubbing surface end
viearing pin_ are immuersed in the oil to be testeu, which is itself surrounded by an
oil bath , kept at constent. temperature by ¢lectricelly heated coils of wire. '
. The wesr on the pin cguses the latter to shorten, end the smount by which it
shortens is measured by mcens of a microumeter gauge fixed to the lever aim,
A speed of 8l rpm;’ resulting in 162 strokes per minute, causes en &versge -

. rubbing speed ¢f 22.3 cms/sec.  Diag. 7 shows @ set of results obtéined in these
tests, carried out on the 6 oils clready known from the tests on the friction
instruments. = The wearing pin was mede of soft iron in one cese, and "Aeterna
VL 22" in the other. - perticularly interesting is the wearing process as ,
observed on the irod“pins  (right hend disg.)s  The amount of wear obtained ™
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g . . .
 with rape oil was by far the greatest, being more. then 2 mm during 20 hours.”
 ‘Castor oil ‘gives slmost equslly high values, for the smount of wear-teking - .

“place, - but’ only. at temperatures .exceeding $50C, . 0n ‘the other hend, E 426 -
‘shows exactly contrary behaviour, giving # large emoun’ of wear-at low . O
temperstures, snd a small amount &t high teaperatures. I is.alse. poteworthy
thet the behaviour of S-ester and E 515 1is quite = -, whereas a wixture
' of the two yields eatirely di fferent results. ~ The imliav chepe o e werr
curves just mentioned (i.e. those of S-etter and & GLET ir omiyapprrent; this
is-particularly tTue in the region above 100°C, Whén gigrantiing the apparatus
it sppesred thet in the test on S-ester; 8t 1%00C, the pin was mot shortened -
‘o the extent indicated on the gauge, but thet the considerably harder steel.
strip, which had been 0.2 mm. thick, he¢ been worn gdown to the thickness
of peper. ~ No doubt this wes no longer 2 purely physicel ection but mainly
‘8 chemicel process. If would eppecr that ‘the herdened steel strip is more .
prone to corrode then the soft iron of the pin. . In the cese of B 85, on the
other hend, as;on -&ll the other nunerous occasions when the tost wes cerried
"out, no apprecigble.ebrssion took plece-on the steel strip, .wear being °
" meesurable on the pin only. . RO U S SE

i

 The seme 0ils were subsequentl¥ tested for their wearing qualities under - .

" exactly similer conditions but using pins mzde of "Aeterna VL 22", .. According
to spectroscopic analysis, Awterna VL 22 consists chiefly of copper ( 51%) v
and zinc ((45%), conteining slso eaall quFnLtitiecs of mengenese (26), alwainium
(&h), iron (0.754), tin (0.6w), silicon (0.5%), lead (0.4%) end nickel (0.%5),
The results obtained with it are shown in dieg. 7 ( left hand side.) This
ghows that there is-no connccticn whetever ¥ith the wearing ection produced

by iron, illustrated in. thd other hzlf of the disgrem. . S-estew, either alone
_or-with other substences, produces considerabl® wetring perticularly et high
“fenperatures, & fect whi ch muy be traced to the high che miczl affinity. .
existing between sulphur #nd copper.  The emount of ebresion messured while & -
using repe oil is moderate . in this cese &nd this zlso epplies to castor 0il,
gt least below 1200C, so thet in the cese of these lubri cénts, too, @ .chunge
of meterizl leeds to quité differeat results, TThese tests indicote; therefors,
. thet in weer tests the meterial anployed pleys e very importent part, and

thet results obteined vith one kind of moterial must not be applied to =nother.
‘It mey. furthemmore be concluded that low coeflicients of rriztion do not ‘
“feceSserily mean that the emount of wedr-willmbe slight, on the contrary, the
gxact opposite is often true, es'in the cese of repe oil. B

Diag'. '8 {llustretes results-obieined with the seme vorking substznces
&nd under. the seme conditions as those whicn produced-the results of the
previqus ‘dizgrem. The four oils tested belong to the group of zero ‘engine
- 0ils, es regerds their viscosity, ~K7 is = minersl oil S8 902 F 25 is&e
synthetic gero ’engine"oiifv:j.-t%l‘an ester,ss zdditive; /,LLK-'2200 is_en_experimentel
. 911, soluble in vwnter, and m 620 is another exper_imental"'oi‘l“;’"‘sol:ubl’e‘nei’th'er
in weter nor in petrol. . The dipgram shows thet the chenge-over from one .

working substence to £nother produces little chenge With K 7 end M 620, in
direct contrast to the, two remsining lubiicents which show & reversal of
_wesring effect. ~‘Considerable chsnges in the essessment of the lubricants

with regerd to wear cre not produced by the use of different wdfking '
substences only, but chenges in tho test conditions, ¢.g. the roughness of

the rubbing surfaces, ere sufficient to producc the seme effect.. The seme

4 oils were tested in conjunction with steel strips which hLad been sandblested
~ &nd censequently showed c. certein cmount of roughness. ~ The results are o
illustreted in dizg. 9 2nd those obteined with szooth strips ere placed
elongside for the szke of .comparison.  with smooth strips the duration of the
‘test wes 20 hours, with roughened- strips it ves 29 minutes, It is particularly

li




notlceable here thg.t n’ch rou *h strip" K7 proouced a very small amount of
‘sbresion; while that. produced by ii-6207and"SS"902 F 25 was-large:.. The =
reason. for this differeme of results is not yet fully. understood: but it is
-not to be found, &s might be imegined, in the ageing of  the oil which.is

—neturally_not the same in both cases as the ‘tést pemods differ in length.

It can be seen from' this short survey thab the problem ci‘ wear under
lubrication hsas not 'yet been: solved and that the grestest caution must be _
exerclsed Af s lubrlcent 1.; to be cons:. dered in the lluht of wear rr—easurenent.;‘

: A furthex wear measunné, c‘ppl..ra'bu"% -hoS been congs ructed in order to taf
‘thé investigation of the problem a stey. further. - As shown in diag. 10, a.
rigid stetionary cylinder is forced against a roteting hard metal disc, the
latter being lubricated by en oil drop-feed, ~The disc is run in. contect vith
the: drum for & predetermined . time. intervel, 1 O minutes as s rule, &nd on Te=
moval it will leave & cut of definite Length, the size bemg ¢ifferent for -
each oil. Spec,d of rotation of the disc. ond the load on the cylinder can’
be edjusted as required. The cute are measured with & mezsuring microscove ..
- the volume ground out being. caleulwsted from~the length:  some of-the results: -

" obtzined with the spparastus are shown in diagz. 1l. .14 oils were tested with
a load of 20 kg., &t 210 rpm. zugd e ‘test of 10 mlnu-bes durstion, using - :
cyll?lders mede of different metorivls, Thr lubricsants were srranged.in’ the
order of the results obtrined on the steel' cylinder, rope oil which produced
the greatest cut, occupying last plzce.. I the seme experimént is cerried out
‘with cest ironm, COllochI‘&blL re-shuffling tekes place: although repe oil stlll
occupies the last place, S-ester now cccupieés the fnw. With =« brass

~ eylinder BH 4 produces the G\epeut cut, & result in sharp contrast with that
obteined when using, steel. ~ Castor 01l too, produces gru’ter weer, -end BO
“once agsin-does repe oil LK 2200, p*‘oducmg the smellest cut, occupies-the
first plece,  The greatest differcnces’ betrveen the 1nulv16ucl oils are demon-,
strated when using light metal. LK 22 00 cnd @ 650 cllow very strong gmndlng
"to take place; S- ester #nd SS 902 F 25 =re next in order.  In the cese of -
bearing metel {tin' end lerd slloy) the sulphur conient seans to increbse we=T,

- the lowest . volues being these obtrined with uf 620 and LK 2200, This dicgram, -
then, shows quite clearly how different con be the behaviour of lubriconts N '
when acting on. the verious metuls. anctlv how fer these test results moy be
exploited for precticel spplication is o mrtter ‘for further investigetion.
Conclusions. ctn probsbly be drawn, however, from the size of the cuts, about
".the sultab:f.llty -for’ cuttms’ 0il, Accormngly mpe 01l would be very efficient

izvon.. BH 4 would scem to be LoDE‘Cl'JlJ.y ﬁultz ble i‘or bronze and. M 620 orm, S
1K 22 00 for light motel. S :

Th).s gnndlng epverﬂtus isg mtereetlng &lso for othcr Iensons., Dunng

tests on numerous esters at the "Leuna": warks it wcs noticed thet a certain

. comnection existed- betwewn the ‘eoeffici c,nt of friction measured on the chain.
appgretus, end theé size of the cut in thé steel drum Diag., 11 shows 35 synthetic
esters, end alsoiropeloil. and Jbené.oil - each oil being depresented by a pomt .
It is seen thst sll theseé poilits fall within & certein part of the graph, ‘
stretching in an extensive nerrow ares from the region denoting a hlgh coefficlent
offriction’ end 1ittle wee T, to that denotomt_ a low coefficient coupled with ~
much wears "It is beyond Goubt that there is « certain law connecting the
two: snd the phenomenon cen possible be explained ns follows: - good adhesion
secures the presence of & protective oil film which, reduces friction ond thus
lerds-up-to low coefficients of friction.  Thi's achesiocn on pert of the
lubricent appears to be so great, here, thet with & lerge shearing force
actmg on the oil film, 1 etal is torn from metel rﬁther than olil from metal.
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~At- the Seéme tlme this- 2brasi on'ﬁa éLys, mnerheps, - to smodthe the. surfoee,
‘ceusing rapid running-in of Tubbing metul surfaces, ‘and thus to further
reduce the vslue of the cocfficient of frietion. Coty
o In the tests described go fer, 2 phienomenon occurs evely ‘now and
‘then’which is worthy-of mention. "It wes observed in the wear machine
'thet with the use of Aeterne or brass pins on mmooth steel strips, the
-materisl mey - - pess from the pins to the rubbing surface, forming en
extreordinerily edhesive cctting on the stesls | ‘When ever thet tekes place
‘the test turns into & cuse of two similar metals rubbing ageinst one -
‘another, which results in- exceedingly ‘high weer. . A similar detion hes .
been observed in the Wislind meching, wherc perticularly when deeling with
 substences soluble in water the sheft is eocted with e thin layer of :
' bronze, high friction coeffici cnts being messured in CONSEQUENCE. The .
couse of this occurrence is probebly of en electrolytic neture incidentally, -
this getion wes not only observed on test epoeratus but olso in sctucl
practice, e.g. on-the journcl of the Corden shoft in motor. cers. )
. So much for the investigztion of wézr produced by slow metel cbrasion.

It hes already been mentioned that weer coupléed with seuffing is the
more dengerous. . This texes plece espceirlly where either the seme
‘metericls, or ot eny rote metericls of similer horéncsr, cre in Tubbing
econtect, as in the cose of geer wheels. Tests of this kind will' therefore
 gpply first of =1l to gear oils, 1.6 extrane pressure lubricents. |

At the Testing Stetion the wWielrnd machine mentioned ebove is.
_employed. for these tests, except that the bronze bearing is repliced by
one of very mild cssé herdened steel, with a shoft of unhardened tool steel
("originel" bearing). The actuel test is cerrl ed out in the seme msnner
s thet performed to find the cocfficient of friction. - The load is =~
stepped up by the egditisn of weights until seizure takes plece, indicated
by r sudden kick of the friction indicator, cnd freguently by o wrenching
cetion on the shaft. . This gves the load »% which seizure of the bearing
ceuses feilure of “the dubricant. ~ The value thus obtained is not.reedily
reproducesble &s in thi g cise aony. slight unevenness of the surfece mey
either impede or assist-wesriag very, strongly. o TETI L ,

. Another iastrument used for similer testing purposes is the "Four Ball"
mechine: the Testing Stuticn hes two of these mveilsble, one of it8 owa ‘
-construction cnd one built by the Rhensnie-Ossag Works. The former is
{1llustreted in dirg. 13, The four spheres ere of Y inchd&a meter end thelr

. centres cre errenged o fom 2 tetrehedron.’ - The 3 bottom spheres are
clomped inside ¢ cup-sheped véssel whieh conteoins the' oils  The top spheare
is etteuched to_the foot of o verticel shuft vhich-is roteted by ¢ belt :
drive from en electric motor. ' The vessel contrining the spheres coatsins
electrical hezting elements so that the 0il mey be tested at different
temperatures. - The tompercture is meesured with o thermo-couple pushed

‘between the three spheres ‘throughy the bottom of the vewsel.- In order that
the-torque trensmitted to the three bittom brlls mey be messured, the
vessel  conteining them presses.on £ 1od which trensmits pressure to em. o
-indi cetor recording the force cpplicd ‘&t eny one moment. - The ingtrument i

is shown in diegsdd.
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 There are twn weys in which the test my be cerried out.  Either the .
locd is kept constent end the tise teken till ‘seizure nccurs, 1s measured: or.
“the loed is increessed sterting from zero, cnd thot producing seizure is
determined. | Thé fommer methed, is the one most frequently 2dopted. Vihile -
using 2 previnusly determined cinstent test lecd the motor is switched on end

a stop watch messures the time thet clipses until seizure starts, en event which
ig. indicated by a sudden sherp kick on the recording drut. In this meaner _
the time reduired for seizure to commence cen be'determined ot different loads

end 8lso =t different temperatures. Resulte based on this method ere shown— - —
in. disg. 18,  The substences tested were-a-synthetic-lubricant (TP 57) conteining
geverel different 2dditives nemely: thio-isobutanol (sulphur product T),. o
ceybon tetrachloride énd fetty acid. The effect of the first two substances

is quite considersble, the time teken for sei 2ure to, start being, in pert,

four or five times as long ©s thet relzting o the pure oil. ., On the -other

hend, the effect.of fetty zcid is small. “Unfortunctely ‘the results obteined

with the "Four Bell" rnd Alem-Wielsnd mechines, rospectively, ~Te in no wy _
in agreement, & fect mell showm in disg. 16, . When fested in the Almen-Wieland
machine, fatty ccid produced no seizure ~f the teéring, while in the cese of

M 469, en orgenic chlorine eomprund, the loed crusing seizure was estrblished as
1710 Xgs/eme, for which resson the test hod to be discontinued.  Both materials
beheve quite differently in the "Four Bell" wachine. ~TDepending on- the loed
‘applied, the tiie tcken for selzure to commence veries.from 0.8 to 2.5 seconds .
in the case of fotty scid, cnd is cbrut 10 times &3 loag in the cese of ¥ 469,

It should, however, be mentisned that with M 469 seizure is much more severe
“leaving & large bedly worn &rea &t the points af wc;‘nt’e:ct of the bells, ——-—m—ie
‘Interesting, ton, sre the results shewn in dieg. 17: - In the Almen-Wielend .

mechine the addition of 0.56 benzoic acid o "Crrgoyle" enmgine oil results-in
“en epproximotely 2)-fold incresse/in trae load.g% which seizure occurs. The
seme-additive hes on -the other hand 1o effect during tests in the "Four Ball"

- mechine. . . The:-disagreement batween, the two sets »f results may be accounted for
by the different test -conditioms! the~loads and speeds applying to the "Four
Bell" machine, being roughly 10-20 times higher than those of the Almen-Wieland
mechine.. - Another important factor no doubt is that of the materials used: '
in one cese the test iS5 carried out With bells made of exceptionolly hard steel,
.in the other with shafts end bearings mude of unhordeded steel. - :

' The seme arrengement of the "Four Ball" machine ccn be used as an-
appareatus for testing wesr & method of testing which is adopted by the’ _
Rhenenia-Ossag Works for the invetigetion of geer oils. Their version of the
epparetus is lergely similar to that of the Testing Station,though thero are
minor differences of deteil in the design. ~ In the test method-adopted by the
Rhenenis-0Ossog, the machine is run for 1 minute while under = certsin load, .
end the diemeter of the worn.ored on erich of the three bottom balls is then
determined. ~ This test was cerried out 8t different locds so that wear/load .
curves releting to esch oil ére obtsined. The loads anployed in thess tests
cennot be mede 83 high as desired beccuse bujond ¢ certcin load the temperstures
‘developed et the points of cunteet of the bulls are o high thet mutuel welding
action tekes plece.  Dizg, 18 shows the results obtzined with 6 0ils elreedy
“Known to you. It is séen thut Seester, straight as well ss mixed with enother
lubricent, is outstending.- - -Not enly is ‘gho diumeter of the worn pert reduced. .
but welding ection tekes place only with very high loads. It is interesting to .
‘note that in this test lubri conts liko repe oil snd castor oil do mot distinguish
themselves in any wey. ' - Lo R
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.. The "Heereswaffenfmt" (Department responsible for Armament RequiTements .
-for: the ;A:.:my)ff-ha‘s'-adc’rp'ted*'thi-sftes't_—a»s~--a'»stanrJard soecification test for :
gear oils, prior to:delivery. . This test is of 1 minute's duraticn znd - S —
demsnds thet.welding action should occur only with locds exceeding 200 kgo ' -
So thet of thé oils mentioned in the diagrem only S-ester and B 515 & 1_0“% .

" B-ester would come.up o this stendard. . _The demfnds mede on the oil in this..
test ere exceptionzlly high end it appesTs doubtful whethe® o test carried =
out in such £ menner, cen be correlrted with proctice, Furthemmore there
is no comnection between the period preceding seizure, ns messured in ‘the
epparatus of the Testing Station, cnd the rosults bused on the 12ethod -adopted

by the Rhenenic-Ossag Works. ' This-is made clecr in dieg. 19..  As expected,
gero-engine oil SS 970 R, -tested according to both methods, feiled when '

subjected to high losds. - The addition of %5 THS delayed seizure.to en.extent.
suffieicnt to meke the time before seizure twice as-long; ‘on. the other hend
14 hed no noticesble effect on the wear dizmeter. The welding point could

be reised from 150 Kg. to 200 Kg.. ~ The results obteined with on Amy. .
Vinter-grade gear-oil are stated o7 the seke of comparison. - Accordingto
one-method,- the results ere slmost the. scme #s those obtrined wath streight |
85,970 Ry while in the Kheneniz-Ossag method this winter-grade oil occupies
the' first pluce: Eerly seiwurc; therefore, is not necesssrily accompanied |
by = large emount of weur in sll ceves. It'is therefore not only £ question of
seizure teking plece after a certrin time, but £lso of the menner in which

it tokes pluce end the treces it lenves behind. - e 0

Tn the whove I heve given you @ brief survey »f the -pperatus 2t present
employed at the Testing - Station for the testing of-Lubricants. The demcnds
-made on thelubricrnts by the varicus mechines sfe widely different, end S0,
in consequecnce, cre the effects abserved end the results obtrined. . Testing

an oil in ene mechine only mey perheps encble one to pronounce some Judement
. on the oil, -but ooy such judguents will be v=lid within very narro® limits. '
_When, on the other hend, the investigution.is extended so os to involve tebts
with severzl machines, zs 1s done here, & jigsew puzzle results with msny E
pieces yet missings In other words it is not yet nossible, =% present at
eny rete, to supply . exhocustive infometion sbout the lubriczting powers of &
substence, - The field cen only be partly -esvered rnd en 2ttempt be nede to
combine the meny results obtezined both with one tnother, znd with precticel
conditions. : S ; : o L
Diesgrem No. . Description "
1 ‘Lubricution in a jJournal bearing with 3 oils
i ‘ of equcl viscnsity ordinctel. coefficient of friction
n o A cbscissai 10, of revs/wing - .

e Position of shaft' at different sPeevds of rotetion
v <. 2eT0 gmsll - large Q@A : L s

.01l A pmduces"Vefy‘ good) .. .- !

“0il B ' mediwa )Lubricetion -
0il7C ~ bad
g Coéfficiunts of Friction of ¢ils possessing equal

lubricsting prwer but different viseosity. ...
{schematic disgrem based on trirls in journal
; b-earings)_. T ' o

ordinete revs/min. - o :
" abscisse . coefficient of-friction 4



. Diegrea No. L - Degeription
3. S ATT"H&,UU.HI’E.: t’or Fr:. ctmn Tests-

left to right: chain on- drum shaft and
hesring bell on. dlsc. ‘ : AR

‘4 - Triction Tests in tie Ch‘.in dechine.
E T ‘Lowd on chrin 400 grenmes :
S 1’bnphhrvl Speec! nf Arum 0.16 cms/sec.
Ol’dl’ln-t(. H crmfflcunb \i fn ntlon
: "bu(.l“"" : 01l tan,)exuture in 9C.
5. . . i,__f' v —Coefflcunts of J.'I'J ct:rn of & Ollu in
' R dli‘ferent mﬂchr.nes . .

A

Ordmate.o cocfflcum, r:f frlctlon
" left, $o Tight cbscisse: oil tempor: ture °C,
o C % lond. T Kg/sqe o,
'_“-:punn_lng time - minutes

-6 E bw,ec qppﬁratua
“ (see Teport No.‘ J/cz)

7: -~ Wesr din Relzatlcn tr: Tcmpcraturt., for varlous
urterials »
“ormdincbel shortening of pin
ebeeisse: oil taaperature .
Duration ~f Peist 0. hours
Load 142 Kg/sq. o
N&. of strokes/min 162 .
. “Left: bronze pin on pollshed steel
righte irm pin on phllshed steel

9. - -Weer, with dlfferen., debrees st surfe‘ce r-uehness. '
using #n 1rnn pin on e ‘stecl surface..

":ordlmtc) _u.; ‘Ne. 7 & 8
et c:1ssa) - :

_ ‘left: pnllshod surfacc., durr tl’\n of test 90 haurs
‘- rights rough surface, ‘durstion 20 mins,
roa"lndcr of dztegs Nog, 7. &8 :
" lexcept frr test meteriels enploy'éd)

tlo. ‘Grlndlng, App'\rutus
(see zeport Nos 5711)
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Disg rem-No—

um o

12, .
13/14

15

16/17

18"

19

' "Helzung" hec tmt», coils~

A

L ~De cngtmn A
¥ Weur pr’>duced on vanous met?ls by differant
m.ls. ‘

Or(‘lnste. quantl‘by (fruund out :
“4op 8 bottom. herd metel on. steel

cast—lmn _ [N LR,
bronze L
light metel "

" ben! rlnb alloy o

Cr‘:efi‘iclcnt of chtwn - wear _
: ,;-':r'di'nate. coefficient of friction (frﬂm chain :

- zpperatus = 50°C)

abSCISacﬂ vols 'uf steel 'rround out. T‘_ :

» "F, T Ball" machlne (es cons*bructed at

‘Resesrch Station):
"Kugel.lhlter" il veuvel .nd clemp for balls.

Bch*‘vu.ﬂur 3f En Hiné OllS w1th 'ddltlves in

P T

‘ t.lé "Ff\ur B'xll" ﬂv=ch1ne. SRR —— —g—«—;.f

ofwmpam“snn betmcn "F'vur Ball" ﬂnd A]Inen-'

Wiielend e chines.

~Ordinstet 1left: fI‘lCthn force

! L r:.bnt“delay ‘in start cf selZure
i ./ in s&es.. .

Absc:.s 3558 left: logd in Kg/sq. c.‘x.

rle,h't. load in Kg. :

‘Results athmed in the vFour Bdl" M chine
with the Rhen_ma-Ossag method.’ L
Ordinste: weer - - ; 4
Apscisse loea R A

e end of tm’*l due to weldm& actlon

f"*"Results ob ained Wlth two "Four Ball" ,
machmes accoTding: 4o different test methods.
'Ord,lrate Left: deley 1n sturt of seizurga o
. -right: wear: : e
tboeissar reflt end rwht. load.





