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"= 1% is showm that ths.rating, of a lubricant based on measuroment of wear depends.
_largely on the metal. “Varigtion in the. pairing ofﬁthe meta1sfis 1liable to-pause -
ToonsideFable” changes in-the order of merit. in which the lubricents are arrangede

T A stridt'distinotion nust be hade‘pgtween'@gﬁgl'abrﬁéion and wear?acbompanisd :
by seizing of the fetal, It appears that high abrasion affords a certain safeguard
"against the destruction of the surfaces of metal parts in rubbing conbact,by tearing

'_aotiqn.;'?hus it follows that to somo oxtont, metal abrasion is an advantagoe

. “'The-purpese of using a Jubriegnt is to avoid losses in energy and material,
or at any rate to reduce them. The powor loss can be cut down to some extent by
choosing .a lubricant of definite viscosity. Only rerely is it necessary, &8 far as
‘the power loss is ooncerned, to aonsider the oonduet. of the ol} under conditions of
boundary lubrication., On the other hand, loss of-material -ccurs yith boundary, .
* or partial lubrdoation so that consclentious tasts must concern thomselves with the

~loss of materigljpngéf-theseiconditions of lubrication.

" ‘For @ numbor. of years the Technical Rosearch Station has been engaged on
~experiments tho purbosewof which.-was to cuvestigate.the evends legding up to the .
failure of lubrication (i.0.'leading o, commencement of,.wear).” The following is &
brief survey -of the, present position reparding these tesfse’ ' SR

DiageNo.1le is @ schomatioc representation of. the instrument employed for the .=
‘eXperiments. Two drums fitted on & shaft are set in rotatlion by -a motor equipped -
With reduction gear and comnecting rod mochanism,. The drums ere lined with o
polished strips of hardaned steel which act as frigtion surfaces, The wear . o
olements, gonsisting of cylindrical pins made of various materials, afe held against. |
the underside of the drums, the load boing submitted by a levers "Both rubbing surface
and wear elements are immersed in the lpbricant.tested; and the latter in its turn
4s surrounded by an oil bath kept at constant temperature by electrical heatingcoilse
Tho amount by which the pins chorton 1s measured by a dial gauge attached to the
lever, A The crank rotates at 8l repem, resulting in 162 strokes per minute or a .
moen velooity of 2243 oms/sec at the eiroumference. It may be. assumed that with ~ .
that type of motion, a state of limlting friction exists at the end of each stroke
(where the motion suffers a roversal in divection) while fluid or semi-fluid S
{ubrication exists at the mid-point, This assumption is based: on measgurements made df
the (eleotrical) sonbact resistance sot up, with the aid of an. oscillographe They
showed that &t the dead centre positions tho system was short circuited while the
resistance at the mid-point of travel is squeot'to violent fluctuatiors and reaches. -
infinity for a short timo. A number of oils were tested in this apparatus, using
two different materials.quag.Zb(1402) shows sqme,rasults obtained with smooth - T
pardened steel strips and woar aleoments wad |ofAAetérnavVL 22, the latter consists
mainly of copper (51%) and zino (42%) ahd oontains 'small quantlties of manganese,
‘aluminium iron, tin, silicon, lead and niokels The diagrame shows that sulphure
containing products result in high abrasion on this metal, while entirely :
different-cenditions provail if a different metal 1s used, such as iron ¥ in the form
of iron wite as used for wolding) . HeTe; roge oil produces by far the highest abrasio,
yiz above 2m/m in .20 hours,; Castor oil: produces an amount of abrasion whioch is .
“of equally high ordér , but only with temperantures above:65%. - On the other hand,
E426 in direct contrast to these two oils, produces.high-abrasion-aﬁ low temperatures
and little abrgsion at high temperaturess 1t is interesting to note that Seester and
E.515 behave similarly while a mixture of the two has entirely differont resultsy |
. this is evlidently an effect due to mixings The wear ocurve relating to Seester is here
~ drgwn according to the values recorded by the diag gauge: in,actual fact it was found:
that hardly any wear had beer produced on the soft iron pin while at temperatures
 above 1000C the hard steel strip which hed been_O.Zlm/h.thﬁok,.had been worn down to
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- the thickness Of,paper,'this.observgﬁionYWas madé}.to‘thatfextent,gdnly in'the case
of Swéster, and this point will bo doalt with again, later on, Diag 3 again shows
‘results obtained with the samo motals under the samo conditions, as in the provious . -
fcasé;f+Thd"four,oils,teétedﬁﬁaibng*to,the3groupyof‘aaro-éngihe,oilg, as ‘regards their
‘vigoosity. K.7 is'a mineral oil, S8 902 F. 25-is-a synthetic amero=engine oil with. .-
‘additions of ésﬁéfﬁ;L.K,zzoo'andfM.GZOzarefexparimantal'oils both insoluble .in- minoral
0ils., The dimgram shows. that with K.7 and M.620 there is vory -little effect when =
_one metal is replaced by another, while in the oase -of the" other two there s a .
- reversal of wearing propertiese -All these trials were carried out with smooth . : - .
polished steel strips, i.e, under conditions of practically constant roughnesse In .-
order to investigate the éffeot produced by rough. surfaces, the smooth strips were .
replaced by-.steel strips which had been subjected to sand blasting, thus obtaining a
_roughness ‘of about 10 4. Measuremont of the resistance showed that the system e
wgs short-oirouitoed throughout, so that a state of limiting friotion may be essumeds '
“As_had been expected, the smpunt of abrasion was large and, the' duration of ‘the test -
was reduced to 20 minutes. The results obtained with these 4 oils are leds .- "~ '
dependsnt on tho ‘temperaturs and consequently more reliable (diag.4=1484)t also, '
compared with the results obtained with smooth . surfaces, the order of the oils is ‘

_considerably re-arranged, above ell it is interesting to note that Ke7s which is

pure hydrocarbon, is distinguished from the other threa oils, all of which contain
oxygon by very low abrasions - When, smooth strips were used, K.7. had producgd1a‘f s
‘comparatively large amount of abrasioen, - This re-arrangement is probably due to the .
fact that with rough strips. the machine works more in the region of limiting friotlon
than with smooth strips: while with the latter, at least when the speed.-approaches

‘8 -maximum value, partial lubrioation, and to some extont; ocompleote lubrication, takes
places - . e N R : : : R

: In order to invostigate motal abrgsion more olosely we hago built a plece of
‘apparatus, which though it is not an original instrument has not.-often before been . -
“used for lubrioant tosts (Skoda=Sawin machine),—As shom in diageb. (1414), o stat=

iénary oylinder is held apainst a rotating hard metal dise,lubrication being provided
by an 6il drop-feed.. After a cortain time intorval, wsually 10 minutes, the disc

Will grind o out of oertain lanpth in the oylinder whiohfdiffersffer—e&ch-oil.'«The
number of revolutions made by, ond the load on the disc can be varied at will, - The

outs are measired with a moasuring mioroscope, the volums ground out being calcul=-
ated from a knowledge of the longth. Some of the results obtained with this
instrument are shown in diag.6.(1412) 14 oils of varyin composition were tested,
‘using e speed of 210 repeme (peripheral speed = 33vcms/§eo) end & load of 20 kg
for tests of 10 minutes -duration each, and.cylinders made of . different materialse.

" The lubriocants were arrangod in.the ordor of the results obteined with a steel :

" eylinder, r& pe oil, which ‘produced tho largest out, ocoupylng the last placee  If the
same tests are performed with cast iron, considerabla reearrangement of the-order
results, with rape oid still at the hottom of the 1list, but with S-oster in the - ..
first place. Use of bronze results in B.H.4. producing the greatest, ocut in direct .
contrast to the result obtained with a steel oylinder, Castor oil, too, = - .
and again rape oil, produce & strikihgly. large'amodnt,of,wear,.while’LK.2200~occupies
tho first plece, having producod the smallest outy - The groatest differences in the
behavbour of each oil take place with a light metal oylindér.‘L.Kozzoo_and M.620 .
produce very deep outs, followed by S—ester and 58,902 Fo25, With the use of a tin
an® lead elloy used in bearings, the-sulphur oontent in partioular, appears to ' . ¢
ino=ease wear, the lowest values boihg obtained Yere, with M.620 and L.K.2200.

This diagram clearly demonstrates, therefore, Wow differently +the lubricants oan

act when used in conjunction with different metalse It should be mentionnd, in that

conneotion, that the appearance of the cuts is not, in every case, one of metalllc
. .brightness,»but»that-they.arg.frequently of'reddish,poloun,»or,onefranging;fréw‘ ‘

' ‘grey to blacke It seem reasonableo to deduce, from this that metal gbrasion is, in ~
part, due to chemical processess Exactly how. far' tewts Of this kind can be exploited
for actual practice, is.& matter for furthor investigation, .One might imgine, for
instence, that the size of the cuts would be a key -to the suitability of a -~ — i
lubricant for use as ocutting oile Accordingly, rape 0il would be an exasXYent ocutting -

0il for steel and cast iron, which ‘of .course it actually ise Ih these tests importe .u
ance &s attached to the fact that the solubility is‘veryvqonsiderqble;and‘that;the
differences,contained on measurement, are. considerably greater than in the case of

€riotion measurements, These investigations.of the abrasion of 'a lubricated metal .
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éré‘nof'without éﬁﬁnection'With,thé factpréfusﬁally measured]wﬁenglubricanté:qfe‘x

~-investigated, such agﬁtha'ooeffiﬁiént of friqtion.._Durihg'&ésts‘dn.numsrous Sl
" synyhetic ésters pt the Leuna works it was observed that the values of M as measured '
“in a friction 1ﬂHIE§tgr-(chainwapparatus),¢bore,a;qertgin relation to the silze - ’

of the cuts in the steel cylinders . DiageTs(1407) shows the-results obtained with
‘35fsypthetic’estehs;as wall as rape oilland’boneioil,ueach represented by & point on:

the graph.-It is’ soon that all these points fall within.a:definite erea which-1g——-

rarrow and long ‘in shape, stretchini from the:regionﬁof‘highfffioﬁidn]boéfficientdgﬁ

" .and 1ittle abrasion, to that denoting low ‘friction-coefficle ts’'and high abrasions '

~ Probably the apparent, agreement would be. still closer if bo h-tests oould.be - . .

.carried“out;With'thefsameﬂmateriaisgand under ‘the sapg_pquitions,~‘

———

.The,two'ihsfidhénts just described cover only one form of wear, viz. the gragdual °

.., removal of minuté“pg%ticles-of}thogmatefiar;“Tk—form which occurs-chiefly in the . . .

case where the materials are Widely different with regard to herdnesse 1f, on the

_other hand, the materials used:arb.identical,_orrat‘any rate are of similar hardness, .

o far more.dangerous type of wear is met with, viz, selzing of the metal surface (cfe S
Anton Eichinger: "wear of Motals: Report of the KWI for Iron Research- in Duessaldorf®)
In routine tests on several lubricents in different instruments. it was observed again
and again that a eonnection existed between these two types. of wears This relationship:

. /

will be explained in some detail for the case of 3 1ubricents, those chosen comprise’

“rape oix!fthé above Sulphur ester, ies. two oils vastly different in behaviour, and

a third a neutral lubriocant, K.7. which is‘arminéral oil.

| Particulariy.carefﬁl teéts wore oérried;butvén thqse,three lubriééﬁts‘with f
regard to their abrasive gqualitios. Diage8.(1420- shows the relation between the v
gbrasion produced on a-soft iron pin, end time , using rough hardened gsteel strips
at two different tempergturess. In this casa the curve relating to rape oil is’ '

valm@st'straight.énd,rises steeply, 1.8, the abrasion of the soft iron is very ggéat

end at. an almost uniform rate throughout the test, the roughness of the steel

. .gtrip being hardly diminished, On.the other hand, with S=agster the rate-at.which ...

the pin is being shortened docroases rapidly, leading to the sonolusion that the strip
1g being smoothed down considorably=- an effect which is actually visible to the’

" neked eyes K7+ produces roidhor great abrasion of the iron pin nor any partieular .
. smoothing effect on the stoel strips . On the left'hand,side'of’diag59.(1418) the. .
. results obtained with these 3 lubricants during tosts lasting 20 hours, are again

ghown (cf,diags 2 & 3) using smooth strips at various temperatures. Under

conditioms of What is ohiefly somi-fluid friction rape oil again produces‘high': .

abrasion-on 8 ft iron, while that caused by K.74 and S-ester is yery smalls The
lattor agein emonstrates its high abrasive powers when used with hardened steel,

- -partioularly at high temperatures. As already mentioned, et temperatures above
- 3009C the steel strip 0.2 n/m thick was almost completely

worn through, showing that

the wear on the hard steel strip is disproportionately greater than that on the soft

" “4ron pins To efford a chuck on #his result, and hardened pin was brought to bear.

on an unhardened strip, and as had been expected, the greater amount of wear

was that produced on the pin. - . e

The results of .the test &n the grinding machine are 11lustrated on the right

hend side of diage9+(1418). The motal employed was unhérdened carbon steel,

resulting in the same order as that obtained in tests on the wear machine \using

."rough strips (cdeiag.B.-l&ZO); it -applied, however, only to the first 10 minse

‘of the test, "is0.as longas the _strips approximately retain their original degree

of ~oughinesc and are not smoothed down,ﬁas"in the case of S-estors
Geners). speaking, then,the abrasion tests emable the following statemonts .
to hu made about the threo lubricaents: - .- o

L we With unha;&éned;steelvand_soft.iron, rape-oil prbdubeé by far the greatest wear

"at all temperatures, while when usod on hardoned steel,.thls'abrasive‘power-decreases

‘sonsiderably. In the case of Se-estor, the ploture is completely reversed, "partic="

- ularly at high témperatures the abrasion of hardened gtoel is considerably greater

then that of soft iron. . While K.7. appears to affect a1l types of steel and iron

“in very much the. same way. Now it is interesting to study the conduct of the oids .

_ thus- olassified, with regard to seizing, as ~observed in the various test instruments

-used: these oomprised the Almen-Wieland machine , the Falex 0il testing epparatus - '
- and the "Four-Ball" masehine.’. Test oonditions in these instruments are so arranged
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" that with most oils seizure will be produced onvthe météfiéisﬂofwthq;ﬁesg olomentse
_Tha‘Alman4W1elandjm§chiné employs soft steel (as used for the lining of bearingg.=
Vickers HaranSSKNonabout_159)min its bearing, end unhardened tool steel (Yickers*‘

y

~ Hardnass No about 170) for the shaft (seo ding,10-1415)e This puiring of materials -
" tends-to-produce selzure tather easily, so that only relatively small loads are. -
'“requiréd,in_the_Almggfﬁ}elgnd machine. Higher surface p:assures’aré-¥e§uired"injthg;;
Falex test which employs two-verieties of stoel with-nmréWWtdély;differeﬂt'hardnqsa',
‘numberss ' The greatest 1oad_par~nnit aréalbééﬁf§‘iﬁfthe*"Fdﬁ?;Ball"'maohinez“it_ '
should_be_noted here that this préSSﬁfé}fobtained from Hortz's formule, presumably
does not really oxist, as itlexceads-the“crush&ng 1imit. Further more the -rubbing. -
_speed _employed here’is very high so that'high'thermalreffects"may be expscted to ooccur
“at thc points requiring lubricatioms———— .. = o P I

\ The three ebove~mentioned lubricants Wers tested in these three instrumentse
1n the Almen-Wieland mechine the lozd is raised step by step until seizure_commenoesé,
In the case of rape oil seigure'wasfnot‘prbducéd within‘the‘maximum’loadingqlimits '
__of +the maching (diag‘ii-l416} while, on the other hand, early seizure af focts were - .
ob@arvedﬁwith Seester and Ko7+ S0 thaﬁ_the;;ubricgnt.which produces very high '
abrasion with unherdenca stoel and soft’irom, is capable of preventing geizure
within the limits of-.the demands set up:by the Atmeon-Wicland machinee It would .. .
appear that here %ha similarity between the materigls used is the deciding faoctore
1f the same procedurse {s adopted in the.Falex_apparatus;'the greater hardness of -the
teost matefials'comes into play, causing & re-arrangemént'of the results in favour of
S=gster and againsﬁ,rape‘oil; the latter producing selzure, while the former does note
Also, in the case of S-ester, it can bo seen from the test olements that remain
intaoct that the wear on the hard test sockets 1s considerably in excegs of that on .,
the shaft: this is in agreement with the results already ohtained on the weer -machines
‘The -investigation wes then continued with the "Four~Ball" ‘machine employing the
mbthod adopted by the Army for tests on gear oilse This consists of finding '
out the amount of material torn away, rather then establishing the load under :
which seigure ¢ommences. For, this purose test runs: of lgmin.'durqtion'are made at
differentglqads, ind the dimmeters of the worn parts. of the 3 bottom balls ére
measured, In excess of a cortain load the temperature at the poimts of contaot R
may rise so high that welding of ‘the bells occurs, the diameter'ofvthe worn portions
and the "welding load” are‘adopted.asisﬁandardsvfor the *sultabllity (or. otherwise)
of & high pressure oil (diege12-1417). According to that systom, Swgster ‘possesses
oxoollont qualities while rape 0il.-is far inferior behaving only slightly more
satisfactorily than K.7. Again it can bo observed thet high abrasive powers imply
satisfactory oonduct as rogarcs seizure. I . Lo

i

‘One might efter all this: adopt the point- of view thet the judgement passed — ..
_‘on the three lubricants, vesed on fasbs in the three machines, 18 not influenced by-
facts relating to the use of aifferans materials, bub by the variation in test ¢~'""
conditions such a8 ‘rubbing spoed and surface prossure, the latter resulting in -~
 variations in temperature. To somd extent this point of. view 18 justified, but the
experiments describad balowwwillfshowf#hat_ihe_influenceféxercised~by the material
135 the greater onej thesa tests wewa carried out under uniform mechanicgl oonditions,
_the_material employad being the orly variables R L RS
. If thé tests in “FPoar-Ball® machine just described, ‘are carried out with balls.
of 400 kg/sg m/m (Vickers Hardness) instead of the normal commercial type (800 ke/sq
" m/a vH) { & type produced for us by the "poutsche Kugellagan Babriken") .1t may be
expuctied from what has beon said that e re-arrangement will take place in favour:
- oft »ane o1 A1ag»12(1417) shows that this is what actually heppens-at, least - —
beivv'loadelofflso kg, the effect being even more pronounced with the use of
oast iron balls where rape oil is superior even at loads up to 400 kge Meaguroment
“of “the diameters of the worn parts, made after 1 minute teosts, doeginot S
resudt in e partioularly dleor understanding of what reslly happense For that pure
pose 1t is advisable to oonsult the friction ocurves, from which interesting
- eonclusions may be drewn (diagls:

¢
1

-1419). From the top-left hend diegram, for instance
it is seen that with K.7. used on normal bearing balls ot o temporature of 209C, . - '
the coefficient of. friction increases gharply after barely 1 second an -~ PR
4ndicetion that seizure lias started. This state of affairs lasts for about 20 second!
- at the end of which period the value of the coefficient falls rapidly, end from there

~on runs without further change along & 1ine parallel to the abscissae Rape oil

i
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_produces a similar diagram, but tha.time_takan'fér*SeiZure to gommence is a trifle.
longer, the actual duration of "the seizing/ection being shorter.  With sufphur. - & -
esﬁerradtual;seizuréfeffeqts"ard=ﬁ§}61y/perceptible,'the‘high coefficient of friction.
obtained for. this oil with other instruments-being-again recorded.  The-frictional-——

- conditions can be ezplained,a8~follows;:semi-fluid friction takes-place-at-the .
stqrt”ET_TEE_TETEI%Bﬁfziﬁﬁﬁbt'be_maintainedl"The‘adtual”dufdtion'qf’this]oondition .

'depends’ on the boundary activity of the lubricant, as-well as on-the viscosity (cfal
Report No.486)s -~ « T TUTmm oo e o R

r S

_ ;,Withftheésfaft%of'seizureJtha'téﬁparaturé'at the lubricsted surfaces will rise
rapidly, leading to. 0 o Lo 0o c T
" a) an increase in chemical activity. - 3

b) e change inside the working substances, or-at any rate on ‘their -
respective surfaces. IR v - R D
o) & change within the lubricant.. - = o

. These 3 factors act collectively and siml®neously, leading up to. a cessation -
of seizure and paving the way for steady abrasions In the case of K.7 this peried -
js comparatively long, i.e. the tempora ures required aro considerably higher o
than in the-cese of rape oila. - This is made evident by the. fact’ that with rape oil
“the balls show no sign of hlue coloration, as they do with K 7. With rape oil :

a8 sllght temperaturé'riSG‘sufficesftb produce a state of lubrication which if not .

- ideal, is nevertheless capable of enabling the surfaces to bear loads againe. .- .
Withythérchemically active S-estor the short period of 1 second is enough to produce
the temperature necessary for steady abrasion, the latter probably being-be a .large -
extent due, to chomical action. - BT T : R

_ Tho rise in temperature produced by selzure and -the subsequent change in both

“ materials and lubricants can be simijated 1.6+ by starting off with a different .
material and at a high temperat@ke, For instance, the balls of 400k g/mmn?" Vh :

give a period of seizing action with K,.7, which is 33,1/3% shorter. With rape

011 no selzure takes place, -creating the favourable impression illustrated in

diag.12(1417), A similar offect is oreated by higher starting temperatures.. - -

Though the start of seizure 1s loss delayod-its. duration is.reduced to a considerable

eXtont, These tests on differont apperatus show therefore that the gonnection '

betwean,metglfabfasibﬁ"aqgﬂwear,aqcompaniedAby;seizufe, is an actual facte. AB

long as the combination of metal and lubricant allows sufficiont metal abrasion to

takeé place under the prevailing conditions, seizure of the sliding surfaces will

be prevenmted. This process may perhaps be explained as follows.:. T e

‘As alvsady hinted; abrasion appears to be due, chiofly to chemical action.
"At the temperetures produced by friction and through the influende of the oil a
protective £ilm is formed on the sliding surfaces, which while it is easily and
quickly removed, is reformed just as casily and guickly.. As long as this process
can be kept up, selzure of tho metal surfaces will be avoided. A large amount of .
motal abrasion must thus bo- considercd-a good sign, but tho existence of a certain -
1imit; -en optjmum'amount,’musﬁfbe.asSUmcd._MTHis'0ptimum"is probably that state.
of effairs where under all service conditions met with, the abrasion produced. is
just sufficient to onsure sliding without seizure ocourringe’ ’ '

————Tho-trials show also.that in any os§e of wear the motal plays a very important
part., Test conditions like rubbing speed, surface pressure and temperature no doudbt _
possess some infiuence, but that™of the motel is at least oqually greats Gonsequently
it appoars inadmissible to-compare the results_gbtainedawith_different‘pieces of .
apparatus and to regard the respective test conditions, c.g. surface pressure and
temperature as the only factors that may infduence the relative .ovaluation ;
lubricants. A comparison of test apparatus may be made only if the materials. employed
are similar.. . = ol ,‘Uix o S B

_  As in the long ruy all test 'equipment serves to investigate the behaviour

of the lubricants in detual practice the test mtorials at least must bo as.nearly
as possible those which are used in that practice. ~It would doubtlessly be wrong,
for instance to test machine oils of soft steel or iron, no matter how well the
‘remainink conditions are adapted to the practical cases T e

1
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,v.;lFurthérmore,—the}trials’havc shovm ‘“that a relationship betwoeen theseparate .
‘sets.of.results),as.obtainqd'WitH~various‘instruments,fcangbe establisheds Tt 18
our intention to proceed still further.inﬁthat;field'as_we(éreihdpingjtdwobtain;;Lf
-a;fuller”underStandingféf_thd“hrbédéSes,ﬁfQ1ub;icatiqn.’,Whenboncetit is possible:
" %0 "Mune in™ two ‘instruments to such an oxtent that it is possible £o predioct the
“resilts obtainable with.gl};otheriequipment from those of the first two, the -

" gtep from expérimentél“é@ﬁiﬁmoqt—tptgqtuo1'pracﬁica‘will'no_longergbe_difficult}:

>

I1léstrabioh No. - o Titles e
L e R S R Iy
1,.. -7 < - VWear Machine (see Report 537) = = 1o
2. .- Viear/Temperature curves- for varipus‘m¢t%}s o
Ba " e B P T W
LT (abscissa: 0il temp. ordin; - shootening of. pin
“Joft: polished 2D hours test ST R
, pightiiron "M ToRTOEL LI
4o “ Wear using different degrsos of* sunface roughness.. :
Ty (lefts polished 20hours test . N
o ‘right: rough, 20 mins test)y .. 4 .

56 " Grinding machine (see Report No537) -~ ot
Be ‘Wear of different metals, using various oils (se@537)
7e Coofficient of Friction/fear Relationship ’ o
8. Woar ,hased on duration of test and tenporature 1—«&#% -
9. Woar tosts - E T
C10. - ‘Comparison of % machines used for Testing of High Preossure -

pi Lubricants, R ' S ‘ ‘ e
, Conditions of Test: - - umlt
¥o of rovs AU " rpme
~ Rubbing speed ‘ cms/sec
Test Materials _— e
' Vickers Hardness of - ' S
sbationary rarts - R kg/hmz
"Vickers Hardness of moving: parts
Aerage Surfade Pressure Kg/om

Comparison of Two 0il Testing Machines
‘left: ordinate:friction force Sl
- absoissa: no. of plates.(load)-

" right: ordinate: frioction torque

. o absedssa load S : o ;Hi
12. . . Tests in the "Four Ball" Machine using different Balls
: _»steelﬂ%§§§el - opdinate:dia of worn part . - :

S S ~\ ‘cagt jronm abscossatload - —_— L
13,  Bgigure -effaects, Using different materials and temperaturess





