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v‘.chw knowledge on 1ubrlcat1ng propertles and *he*" meesurehelv

by Johann rKluge Berlin.

The problems of 1ubr1catlon have ex1sted es long as technical devices y
‘have ‘been known.,‘ln ‘a1l cases losses by frlction and. losses ‘of. material -
are requlred 10 be reduced by lubrication.; ‘Loss by friction here sig-'iﬂ‘”
-niflee doss: of energy and is @ con51derable factor in’ 1ubricst1ng instru-. -
ments. - ‘Loss of. mstorlal (wear), on ‘the - other hand is mainly connected S
with' the lubricetion of mechinery. It ‘results, in the destructlon of thee
ybearing surface and Jeoperdlses thc mechlnery.u»~ e

It should be borne ‘in mand es a mstter ‘of prlnclple trat 1ubr1cation:3
- does not’ ‘depend only-on the. lubricent, but. alsa on-the- materlel of the' e
:beerings and the properties “of the pclnt of lubrlcatlon \conetructzon andgt_
“conditions of working of ‘the bearing)s: " For solv1ng proolems ‘connectod
‘therewith, the: colleboretlon of the '0il: chemist, mPtorlaLS export and
‘designer is therefore essentiﬁl. “Tne Phy31kelischrTechn1sche Reichsen>
'stalt hes elways ‘endeavoured to offer its servicos ond aid. towards such
Vcollaboretlon. In this connmection,’ reference will merely be made to. the
hydrodynemic swwork ‘on the -‘formetion of- -£ilms-on Journal ‘and: enti—friction T
beerings. .- ‘This work wes eble to furnish, ‘emong other things, velueble
~knowledge regnrding the de51gn of Jeurnel beer1ngs.i ‘in’ rddition, “the -
.. conceptions snd deductions of . tho hydrxdynamlc lubricet1on cf beerlngs v
were .to o great extent confirmed by this vork. - Ths hydrodynemlc theory

‘of boarlnge.mes of great importance inasmuch- es-the evaluation'of. lubrl-j
- cants for the processes of pure fluid friction could thereby be referred
to a. meesurement of . the viscosity. : ‘

B ok of lubrlcrtlng hlﬁhly strossed slidlng surf?ces, hor ver, the mere;

"choice of e. lubrlcent on the ‘brsis of ‘1ts viscosity is not sufficient.

The fundamentelly different behoviour ofn fetty oil rnd a pure nineral
oil for enging: ‘end genr 1ubr1cet10n should be notod in this connection,..
_This mey “be ettrlbuted £to the fect. thet whon heesvily loaded or. ‘insuffic-

" fently lubrlc"ted, (2., lubrlcetion of plston rlngs), the berring sur— . -
- .facas slide on: each other so thet thoy arc eitheT vholly or partiaslly in’
permsnent conbact.” Molsculer contrct surfece forces act here batween
: the lubrlcant end the mnterisl .cf the- berrlng and are not expreseed in.

“terms’of viscosity._ Mcdern ressarch on lubrlcents comprises-tho action
of thosec contect surfece foress in the term lubrlc ting property, but this:

. does not mako pos51ble an immediate soluticn . of the ‘problems in questlon.
" In most ceses tho correct choice of # lubricent icould sti1l only be made.
fter ccstly runnlng tests. Tuere wag thus an urgent ‘nesd for estab- ' -
1lishing relieble measuring methods and evelusticn data for the selaection
"of & lubricent with regerd t> thoe eforementicned ccntact surface behaviour
_and therefore with regerd o its lubriceting orcpertles. Rocent work of ¢
" the Rcichsanstelt, which wes cﬂrried cut primerily on the - pelr of meterials

'steel/cest—iron with regerd to the speciel ‘significance of piston r1ng s

: lubrlcctlon, prov1&es n 1mportent contrlbutlon in- thle respect. B

Before ilscussing thls metter in grerter deteil, it must he mentloned
“by- way of elucldatlen thet a number of runnzng conditicns are to be dis-
tinguished in lubriested sliding surfaces. - 1f, for instance, the eliﬂing E
‘siurfaces ere ssperated by & hyérodynamieslly  formes £ilm; - this is termod.
hydrodynamlc or cimplets. lubriceticn, to which allusion hes elrcady been
mede, - The loed is in a stete of equil1br1ur with hyéruﬁynamicelly ,
formed pressures, end vis0031ty is the nnly fetermining char?cteristic cf
the’ lubricent. - If ‘the loed is t2c grept or. the speel of rctation tog ¢
15w, 8o ‘thet a hydrocynﬂmlc £ilm crnnat forn, the lubricent only acts in s
thin leyers achering to the-¢ snteet surfeces, ond this eondition 1s .
accoréingly termef b,un qry lubricntlﬂn (Grenzechmierung) In thia cese, n



'“lubricetion is nct offected by viscosity;7 On technlcel sliﬂing surfaces,_
_fbounﬁery lubricotivn end complcte 1ubricrtien frccuently exist side by ok
~gide; . and this is spoken of as partial lubricrtlnn. T To eiucidate these
terms further, Fig. 1 shows: the:eve fficient of frio*‘on' SRS ~etion
--beering e8:.0; function ef the speo@ wor. of enurdinens 1Oubc megnitude Ll
. .E[p. . As will ‘be 'seen, by: ‘may L exsmnle, from rig 1y $he. cocfficient';
of . frictiﬁn “for. partiel lubricpti“n, in c:ntrcst 4 crmplnte 1ubricatinn
“ig lower the ‘highexr ‘the- visc"51ty;**11RGW1se, depen encs. .on- ‘speed for
t:partisl 1ubricetiin 18 fundnmentrlly ‘difforent for. complete lubricaticn“ o
SoItiis therefore inacm1351ble £ trensfer. meesuremsnts anl experiénco - o
Lo simply from one lubriceting anlition $C Pncthar. ~In: future, theretoro,':”
. ‘one- should speek of the’ suitsbility of complete lubricatiﬂn, Jboundery.: i
'-lubricetion stey, vises 51ty bomng the ‘evaluation fretor for the’ suitability
“of cumplete lubricatien while as regnrns ‘the. suitebility of boundary
“Jubriceticn, the: ‘boundery: surfpcn firees hctwccn ‘the 1ubricent end the ™~
meterisl of the beering: ghoull be’ cumputcc.‘ Tha - sultebllity of. bouniary ,'
lubricstion is thereforo to. o greet sxtent identicel v1th the term’ hithcr-g
t¢. known &s the lubricnting pruperty.i In this.sense, the:o0il ‘testing
apparatus hitherts in ‘uss ‘cannt be useﬂ for eveluating tho lubricating
propertyy sinece they worked MOTS €T 1css,on p?rth7 1ubricrticn, 1,06
the: measurements cbteined Tith. npparatus »f this type for’ friction and:
geer are still effected by viscusity and only psrtielly influenceé by the
boundary surfece forces’ thpt'ﬂre respcn31ble for the 1ubricnting prop=. -
erties.” It must elso be borne ‘in'mind thet the. hyir"dynsmic pcr “tion’
of the’ lubricetion with those: testing mechlnes cennot be: indiceted.av»;
Tndeed; it will be vcry cifferent fnr tho ind1v16uel ropetiticn and com- .
parison tests, so. tht: meesurements in the stete of pﬁrtlFI ‘lubricetion .
will 5nly -be reprmducible 1mperfectly, this precludes any OVﬂluation of”
the lubricating properties.on: thc besis f 1nVést1grt10ns in the state j
_cf pertial lubricnticn. e A R

.[

(Fig.l - Fricticn curve after Striebock)

The new mcesuring mcthO(s 'cvelcpsﬂ Pt the Peichsanstnlt, cn tho
fother hend, work. strictly in the steto oF boungary lutrisvkion, 20 th?t
‘the sliﬁing process can to 1nvcstigrteﬂ #s5 0 pure. bourndery suriace pre-
‘coss,  The figures thus- cbtained for: the ccefficient of’ friction, heat—
‘ing-end wear mny therefore be uss(. without resorve :£or the evelustion cfﬁ
“the. 1ubricst1ng properties. ~As. the ‘measuring system hAs been partly -
deseribed: in greet deteil olgewhere; cnly its more: inportant cherecter= -
- igstics will be given here., The slicing system used ig £ flet, rotating
disc, egeinst which A rod-sheped test-piece is pressed in afaiti"n,
¢ defined end’ TEPIPQUClble finrlapping -process  is used. fcr tho sliding sur-
.vfaces.v By this: meens, the gecmetric ratios. =P the slicing system my.
bo-ascertained with accuracy, -and mOTeover uniform pressure @istributicn
is ensured. ,Mcasurements of fricticn and warming cen- he made uncer
. these eonéitions with ‘Gegroe of pccuracy °of ‘sbout 2%. The small
~¢imensions »f ths rod~sheped test-piece ne rawver enteil only a 1ow iegrec
of heeting,. which ean bto sdjusted in e few seconds accurding +o the res*
_ pective sliding cmaiticns. - The measurcmcnt bine is- therefare shcrt
_.end the operating eonditicns criginelly present ere seercely altered
Juring msasurement. _In ecntrest €2 this, & “beering, for exnmpley exhibits :
& high r‘eg:rec of heating, i.e. the tempcratﬁre of the experiment varies 3”f
e¢cnsiderebly with the respective ‘meesuremnents. Fﬁrtharmore, a c"nstant S
“state of heating does not oceur for s crnsiderable time, end this involvesz,
¢ ntinuali vsriations in the operating c"ncitiﬁns on’ the slicingaurfpce. -

Fbr the ectuel meseurem nt uf\thc frictiln, hcating and’ woar figures
“determinlng the. sliding process " electric end clétro-mochenical méesuring -
‘methods cf & fundementally naw.type ere used in the’ neichsenetelt exper-v‘V
iments. ~ Speciel care is-taken to nrevent the measuring system from
- -reacting.on the. sliling systen itself. . Thas the 1nstrument for measuring'
- force. works rith 2 geueo length wf a fewyp, 1.e. tha reciprocal positicn



;ct the tro sliiing boaies scarcely elters during the measuremont. TR
.measuring uovxce £07 ‘WwoRr werks in ¢ similer way, but with aTmessurement
‘'pressure. of ‘e few gremmes: that can: be ‘ecntrolled with- Pccurccy;”l G
.-alse importent that there.shvulc be nu resanance “bah ween rhe mailing ayster
_;enc the measurlng system.¢;uA further greet advrntebe of the TeW measur-f'
:11ng systems is: thﬁt ‘the relﬂtively smell. measurnrenasvfor frietion, ‘heet--
ing and weer can: be magn1f1eg es desired by electrical nmpllflcetion 1n-l
"‘depends ntly of: mechen1cal condlticns.i It is possible to read off. the
.meesurements w1th an ordinary. eormereial; gelvanometer or: electric record-
ing" instrument.w A few measurements: ‘with ‘the neir of m?teriels steel
.eest=iron will: be aescrlbed balow,. showing how it is possible 0" evalu-
:ete the 1ubr1c9nt by neasuring the l1mit‘frxct1ﬂn..“. I LR

Evaluatlng lubrlcents Ex.meﬂsur;_g_llnlt frlctiwn

From the measuremcnts shown in: flg. s 1t is a snee pOssible tc _
see whet csnditions.as: regerds ‘pressure, roughness, etc s must be adhered
'tﬁ‘37~that—the-fr1ct1on is not ﬂffcctee ty vise osityy’ even at the: lewest ‘

*slidlng sneecs, 1 e.(so th?t bure boun ry lubr:cetion o«cur.:° 'v ,

(Flg.~r~ Coefflclent of fr1ct1*n es a, furctlon of ""‘f~i’;,

et pressure and rﬁugnness) T ‘;?,- S
g . i .

N Two pure hydrocerbon 011s ‘were invest1gete“ horing greet ais-‘
_creancies between their visecsities., ~It. is. knoﬂn ‘thet the. coefflcient
of frlction aperoeches o -constant final value as “the: nressure increases.

. This finel value for the: COefflClunt sf frivt1~n’"1ll hereafter be. termsd-

=the coefficient of llmit friction endis the same’ in toth sils. Lecause

" the preperties cf their bouncrry surfaces ‘arc the same. In the cese of o

"lower pressures, on. the sther hand, & prrtiel ly hyrroéynamlc formetisn cf.T

S film tekes plece, and this reduces the coeff1c1cnt of - frictlcn. It hes 2

‘also besn -ascertained thet this hycroﬁynemlc 1nf;ucnce is the more: po*er-,ﬁ

ful in scticn the’ gre?ter the viscosity anc: the less the r*ughness. e §

is worthy" of nste thet the en ¢fficient of limit frxctlan ddes not. denend o

“‘on viscosity’ or on pressure end roughness. - As shown by the mensurements

in fig. 3, the C)efflclent of Limit frlctlen is eiso o8 verv TBrge 3

- extent inuependent cf the sliling speed. - The Cueff’Clb“t of ‘limit: fric--

“ticn is therefore hlghly suited for eveluetinp » ‘lubrictnt ;  inesmuch as

1t is unlj °ffected by tempereture for a given palr of mater1als.. ‘

2|

(Fig 5 - C efficient of lmit frlction and heeting With
,ils of! dlfferent v1scositles) g S

; Gumparetive meesuremcnts of fr;ction w1th g pure mzneral 011 anﬁ a
fatty oil were able to prove. that thlS eveluation ‘coincides with prec-
tical experience.»: It will be seen from fig. 4 that the- coefficiant of.
llmit frietion for the fetty: 0il is very much lower then for the’ mineral

0il, - The verying frictiom behaviour et the’ lowest slicing speeds and'

for static friction is particulerly- clear.  Indeel, static friculﬂn ig
greeter than. gliding friction for minerel oil, while for the fatty oil. it
is less then the sliclnp frigtion. .. ‘0f eonsidersetls 1rvcrtence in this. -
connectisn were the terms- ‘felling limit frietion corracteristic or: rising—
linit friction: charecterlstic,‘ ececrding to expericnce: at the Reichsrn-‘“'
stelt, the: ri31ng chrracteristic cf the coefficient of 1im1t frlctiwn,

in research on’ the peir of meteriels steel/c?st-irﬁn, is. plmeys o special
festure f & lubricant nossessing geeﬂ lubr1cating he} ool nertles., 8

(F1g.4 - CuplflCiCDt cf limlt frictian of
*v'i minorsl oil anu fetty oil) - 1\
Among the mnny me?surerents cﬂrrlee out in this connectiﬂn, ment1on :
Wikl ve’ meﬂe of comerative meesurcmenis with a vaseline end e wocl-fet
{(lenoline), In eg reemant "1th the ?rcrerentzcnec conslderetions for



: -vaseline, which cbrremonda to By pure minarel oil with regard to its
‘,“noundary surtace bekmviour: ‘and lubrieating ?JI'O"JeI‘tlaS, the’ measurements
- ghown in- £ig:-5- “exhibit-a- relllng~ch9racterist1c for limit. 7 ”~1cticn, while¢*
_the wool-fet;. “being &: ubricsnt of-enimal origin,. Fhose oxcal £ lubpi= o

cPting crowerties ‘are’ ‘well kncrn, shows a rising’ chn;ﬁctegmwt¢ Ind
q‘addition, ‘the ‘wool-fat ‘heg, . on-an 9verage,‘a 1wver coefflc;ent f fric
f,tion ‘then: the vaseline.”;,wf" e I, o

Q(Flg.s - C efficlent of'limit frictlon for
: vusellne an4 1anoline)

I‘c is i‘urthemore morthy ‘of- note thet vith thc ‘emermentél systemv :
f,of the Reichsenstelt, moasuremonts of limit frictzon ‘with mon-fluid
~meterials may- also be cPrrled out. " Te obtein further. insight intc the,f
: nPtural laws governlng the connectlon ‘betwasn limit: friction ané 1ubri-”
,catlng properties .of the 1nfluoncns 6etermin1ng lubric?uing 7ronerties,}'
. ¢omplete. friction expcrimcnts were conducte rith various chemlcally
defined substencas.”c, : p - : R Rt S

Lzmit frictlon and bhe constltution of tha luhric°nt
: It hes long been known thet the 1ubr1crting proverties of a pure
mineral lubricent cen Ye improved ry. the eddition of boundary surfaca
. ective sutstences, Reference is maue o the customary mothod . in the:’
- WGurm process" of us1ng trrcesfof fred oleic: acid by wey. of: addltlvc.;9;
C.Fig. '€ ‘shors’ by way of exeTls the coefflclants of- llmlt friction for
;cure cetana anc cetanc with vorylng Pdciticns cf 01010 801 ’

(Fmg.s - 0>cfﬁrcicnt of. limit frlctzon for cetonc

R w1th £ 01tions of oleic 9c1d) R
L In ﬂrreemnnt vlth wrectlcal exccrlence ("Gcﬂ: PLocess"), uven a’ :
_very .slight adiltlon of oleic acid mroduces a Very, mch. lower coefficient
.of friction: ‘than pure cetanc. FLrthermore, 83 more acid:is edced, the
1imit frictior charectcrlst1c nasses “from & fel11ng to. ‘a rlsxwg "urva.
"It is & noteworthy fact that sven’ extraordlnerlly Smell quanultwev of
“ioleic: pcid, 0,801 vol. % % brlng pbou+ very difforen’ 1imit frietion.
ubehavlour,- in this connection. it should to rpmembereﬁ that 1. vol.,d free
. oleic acid corresponis to & noutrdélisation fcctor of: only C. 2%. Tra :
greast influence of the. oleic ‘aeid’ is evidently to be attributed to the
strong polerity of the end group.. As e further. vroof of this;’ ccmpnra- .
" tive -experiments were carrisd out ‘on-homologous. 91cohols ‘and eefds.
.~ Fig. B shows for ~urpises of comnﬂrisnn‘the limlt friction coefficients
© for homologuus slcﬁhols anﬂ qciﬁs.- ’

(le. Linxt coefficient “f frlctlnn for
hcmul,gwus ?lcchcls “and. ecias)

;- “The ratuer stran‘ gclarity' £ the flnal acr1 Zre un c&use° in each ‘
case, by comparison with the ecrresnonling alcah*L group, & rising limit i
friction cherectcr1stlc with, on-&n averago, 8 lowsr coefficient of
frietion, - M.reover, ine homelogous SurlGS, the cosfficient of- fric-
tion is lower the longer tho chein. Gunerally spaeklnc,.alcahols PCISE8S
“prectically the seme limit frictxﬁn behev1our (falling cnaracterlstic) as,
-‘*the oaturataf-ccrvounds.v’v‘ . , . . : .
= Tha effact *f the enc grﬂuv coul1 re shﬂﬁn by fric%lon exper1mcnts
~with ver*ous butyl Cerivetives. - I ‘fiz. 8 11m1t fricticn figures ars ,;j
plottor for tha halogcn corpounds of butyric aeid,. - Ths icdide cle?rly
‘oxhibits e rising curve for the limit frieticn cherﬂctcrietic, vhich-is .
- obviotsly tc te attritused tu its greater. polrrlty, while: ,Lc chloriﬂo hss

e ﬂrorauncac falling chﬁ*‘e'"i eristic. o ‘



: pinto woer! end for frlctlon experxments.,;

: To sum up, the conclus:.on is reached thet ‘che risin [y fa;..Llng o
]limlt frictlon characteristic of & 1ubrlcant as: observed on; the: pair of
gmaterlals steéVcast-lron, 1is to’ be: attributed 0 the degree of:nolarity
fef its components.f Tue: coefflclent of Iimit frlction ‘at higher speeds, L
‘ on ‘the-other: hand depends both on the polarity of theee components and“‘ﬂf;
‘. on the size 'of the ‘molecule’ (length of . chain) Since, on sn average, -

#lall the technlcelly usuel lubrlcents heve more or less" the eame molecular
. weight) the 1nfluence of polar groups on the’ coefflclent -of 1im1t friction
-of technlcel lubrlcants will-elso prevall ‘in the" higher: renge ‘of - sliding
_ispeeds. SoIn particﬁlar, the limit friction- ‘behaviour of & fatty oil; ‘in
" contrest to.a purs mineral’ 011 is prlnclpally conditibned by the polar g%
‘molecules of frce fetty 801d or by other comnonents of greatrpolarlty.‘_

. nveluatlon of lubriC°nts _X mersurements of wear *n tne sfefe
: RS of bound#;y_lubricntion .

As elready mentloned the behav1our of a lubrlcenf is' e declslve
‘Protor. not only. for friction but for the woer =t tha point of 1ubr1cnt1on
.88 woll but in the” greet me jority of casus, the ‘emount of weer should
~however be of; mejor signifiernce. - On the basis of frlction measurements, ,
it wes to be essumed thet the wéer .in-the vrrlous states of lubrication
end likewise' the friction, would show Vﬂrying obediencc to neturel laws. S
Thus in the stete of comnlete lubric?tlon, ‘therc is no WorFr as tho bear=
ing surfacos 2re seperatod by 7 film of fluid. . For detoruining voer,v:'

'therefore, only the stetos of pertirl .or of boundery'lubrlcrtlon can be-
'_used. - However, &8s long ©s it ‘iz not possible to give.the hydrodynemic

portion: in meesurable valuss in p?rtlrl lubricetion exnerlments, only the
~gtete of boundery lubricetion cen be. omnloyed for eccurnte 1nvestig?tiona
5 As the Relchsrnstqlt =xnariments ‘showed, 9bre$1on‘of metoriel. thrt'

1s,gonerally termed Mwoer® (Verschlelss) is in fec° S0 dlfferent with..
*poundery- lubricetion end’ pertisl. lubricrtion thet in’ future the term -
M"rerr" will only ‘be usad’ for ?br°31on of met terial in tHE stat of partial
. lubrieation. . .This distinction wes. found t0 bs pertléﬁlerly/nocessary _
“ for 1nvest1g9t10ns with engine lubrlc»nts heving = well-known wear. be= e
~haviour. . Fig. 9 'shors the time curve for abresion of meteriel in the:
ergaof fetty oil Pnd e purc minercl oil, s obtpined from the weer of -
the rod—shaped test=piece in the R01chsanstelt experlmentel systcm for -
purc boundary lubrlcatlon.‘;;h,q ,.»v L : , v

, . o _

A fundementelly nev observetlon is thet. the fetty. 011 of known good
lubrieetzng',:opertios end pnrt1culnr1y favaureblo detorioretion behaviour :
- in the engine, in the' state of boundery lubricrtion produces pracxically
twice the weer os with pure mineral oil.- .This rosult could also be ob-

- teined w with’ numerous other 1ubrlcents heving gocd lubricetlng properties.

(Flg.g = Weer vith bnundery lubr1c°t10n :
: u31ng ‘minera l oil: end fetty 011) -

In e°ch cese a lubrlcent pos36331ng gaod 1ubriceting propertles )
produced :in- the stete of beundary lubriection greeter wesr then a-lubri-
- ¢ent with'posrer lubriceting properties. - By wey of 2 furthor exemplo,

.fig. 10 shows- eorrosponding ccmpnretivo tests “Fith e veseline—end the
v aforementioned vool—fet (lenlllne) : . :

(Fig 10 -~ o T *1th beundnry lubricetion ‘-<.f__ v
: u31ng V<Suline and 1Pnn11ng) ' , ’~q-‘\“" -

- s An explenetlon cf tho fnregoing ﬂbsarvetion a8 to vear of g

mrtﬂriel in tho stete ef bounuary lubricrtinn end its transference to ‘the



f stste of. psrti»l lubric»tlon provrlllng in tho gnglne 1s claarlyvfurnished ;
by the. fact ‘thet fqr =

.zeor in-the siets. of b‘undery lubricetion, tho. @ .-
1ubr1csnt hes: felrl 00d" running-in beh?viour.* Thig is of’ thy greetest
1mportvncqrfor meking- rnd mrlntslning £ gc:d bbﬁrlng surfece pnd thus for
“the’ relinsble: nn1ng~1n, R g. of en narﬂ-englna. In othar rords, tho i
lubrlcrnt h9V1ng good rnnning-ln buhrv1»ur, by its ropid but unif’nm anr e
-of ‘the mrtcriel 2f the bcarlng pcints. "horu hlgh prassurs. stresscs preveil,.
- ensurcs smoathness et these p*lnts and a. flettening: of the Pressure- .poaks
~which otherwise, if" allowed to ech permﬂnently on the mntorl?l, cﬂuld en-””g;
tail thv dvstrubti"n uf the berring surfacos..__ R I T

It is 1mnortant ta rsmenbor thﬁt the smo thlng of the mrterlnl in the

f st?ta of pertiel 1ubricft14n is meinly brought' sbout by axc ss stress: of

the mrtoriel of tho ‘booring ot the puints with: hlgh pr"ssure peaksi - In

" this. conneetion rlone -is thv further uso of the torm mear™. (Vprschloiss)
prnctiEFI”hnd Pdm1331ble. -:0n -tho" othor hnnd, in tho steto of . purc bﬁund—
ary 1ubrlcpti ‘the ebrrs1ﬁn of the! mntarlel corrosP"ndlng 40 the running—f

" #n behaviour: prenundur”tos. It brings- ebsut an edditionel and very fina o

finish tc the bearing. surfsce, vhuraps rurr involv 5, the destructlon of
the b,nrlng surfrcvs.» e e el o ,/;:" :

k,Both f,rms vf ‘romovel vf m°tvri 1 Lccur 51de by sidc in the state of

: part1al lubrlcrtlfn, whors, h"“ovor ‘the. crrrylﬁg awey . ¢f tho metoriel
j. through weer: is ‘greater then the \rresponding Pbr?slen for: the running-in

behevicur. ‘The :lattor typo: nevorthsless. affocts weeT considorrbly éince,.

1 as alroedy menticned, it smocthes, thv pﬂints cndnngorpd by vcnr ond thus

flattens ‘the high' prussuro punks.

~The c°rrying away of mrteriﬂl 3bserved in- the stnto oE brundery lub—

fricptlwn, sn the othor hend, indiertas tho sforomenticned runnlng—in be-

heviour of the lubricant in. its purest’ form, rs tho load is. tekon. uniformly

" by ell points of the sliding surfrec, . Tho. actusl pressure stress is of
:-tha order of megnitudc of. the meen pressure erleuleted for:the whole slidrl
. ing surf»ce. " Pressure points; which heve high- Pressure. p0°ks -and-'are en= -
. dangered by weer (these ero psrticularly ‘cherseteristic of pprtial 1ubri-

~eetion), do nut accur rith.pura b undvry lubrlcbtlﬂn,' r elsc mey bo

’av01ded. ‘;:; s ‘ R SRR e

It hes: becn sh W thet it is d351rpblc t\ d1stinguish betwaen lubri-.

. cating proparties. of completo Jubricrtion, boundery lubricetion or .prrtial
,‘lubricsyiun.;, ‘While tho- lubriceting propertiss of ¢omplote 1ubr1cation
“ero determined solaly by tho viseosity, in tho case of boundery 1ubricat10n,

they dcnend on the boundary surface forces bot"een the leyer of lubricent..

and thu meterial <f the voaring.. - They ere indspondent cf v1scv51ty and
on the whole identicel ¥ with tho term. wlubriceting: propertles" .#8 hithorto
used, - In like: peONeT, +he strta of boundery Jubricetici is noct 9ffected :

s by hydrﬁaynamrc~V1sc\sityNﬂcti>n,-?nc is. rathcr_‘ﬁ the nature ¢f-e purs -
' boundery  surface ‘prneess.— In the.crso of pertiel lubrlcptxon, bﬁunupry -
'surfaco fnrces rnc VlSCuSlty ret 51da by 51de.,_ . ’

' The muasurlng systvm tL't nes be en aev»lup for 1nvest159tions 4nto -
lubricating propxrtlos wrks strlctly in the state ‘of boundary lubricotian.

’TLe verying. 1ubric*~t1nb prﬁpurtlcs of e tachnieal  lubricent are axpressed -

- Guring slidlng cxnorlmants with tho peir cf mAtoriels steol cPst'irun in: -
' the curve, of tha so-celled hrroctcristic of limit frietion.. -By. means’ of :
. rosearch on'chemlcvlly dafinad substpnces, relationships ﬁbeying netural N s

lews can be ascerteined butvcen the lutricsting prupertios determining the

v quallty af the lutricent end tho boundery friction chpr?cterlstic.._ The-

_eeouracy. or_neesurompnts fsr cwrpluta “fricticn investigetloas is reletively

high - ebout’ 27 DT



Th~ lubric°tinb pr:v:rtlcs,Pru perticulerly clearly axprcssec‘when;
.measuring weer:in the state af; bhunﬂpry Jubriesticn. I ,very cage @ -
1ubricent wlth e\cc 1ubr1c9t1nr pr.pertles prxduces greater ‘wear. 1n%thel*v
-stete of- bwundery lubrlcetlan then'e lubricent ‘with: pocr 1ubr1cating ;
iprcpartles. ~The p'lnt in qucst1 By is: thﬂt this'more’ or; 1ess gﬁra Tun
Jning-ln beh?v1nur ‘of - the" lutrlcent lo?rs toan acaltiJnal»,very flne
'chemico-mech?nicel working - 5f. the bfvring surfpce. ».Itiislshownvhcw
;cprrylng eway of. the’ mﬂterlel c"rresvon 1ng £t the runnlng-in;tehsviour;ga
“must not be c:nfuseﬁ w1th "aPr.‘ Bet"eﬁn the tw“ 4 oha E
jinner relatianshlp. SRS o L T

ot On the bFsis cf ne knorlpé €6 . reg’rclng 1ubrlckting pranertlas, At
,.is poss1bls to" obt91n velueble guldance for the pr“ctlcal selecti.n gf’z»é
“a lubriesnt-aAnd. for. ruileing up & synthetlc lubrlcrnt.u . Thus - the. experl_gf
ments ol the RoichS?nstplt providee en explnnetlnn _ ~thembehavi:gr of
‘hieh-erade mllitery 6ils of. synthetic crigin.. Prcblems of pistﬁn-ring ;
-wear. ¢ould elsa be solvoﬂ toe an51lerDtle extent.,;lFrnm experience 8C =
faxr: avsilable,‘P crmnar°t1ve nssassm&nt of 1ubricrnts in: ?ccrrdance Wlth =
'the new hcﬂsuring pr'c»sses of the Re1chsenstplt hrs' resulteﬂ in-e) class-;.
_iflcﬂtl n.in’regerd jriel lubrlcrt1ng prﬂpertles which. in every case ccin-“
ecides: ‘with’ technic»l experlence., For further det?ils, 25 to the mew’ .
;Lmeasurement mothods of thé %glChS&ﬂ"talt reference should be made to thek
jﬁreports and papers given 1n the bibllography. S i ~
o Blbliﬂgrnphz T S
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