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g Testing lqbrlcante by measurlng wear.‘

<;Summa£g CAnc appdratus is deser¢bed wnich'makec it posuible 5

- %0, carcy out measursemeats of wear by reciprocating motlen. = 7
"k ‘series of lubricsnts was 1nvest1gatea in which the effects
of duration of the test load, temperature,Amaterial and -
roughness of ‘the- friction surfaces were taksu into -
consideration.” Any veriation in these exgerimentaleonutiona .
. involves in many cases a: similtaneous variation in the
.ouality ‘ssquence of the lubricunts, so- that evaluation would
'wvoula apnear o be very d’fflﬁﬂln,. v

'UQNTENTsjV
‘A Puroose of the EVoeriments

' BJ?Ezoerimental Installatlon

. Exoerlmental Mechod

, D,faesults of the Nug * mts 
1. Wear of brags on stesl ‘
g Wearvas 8 funt*on of timo
b) Effect of various loads
c} Testnng various lubricants

B d) Aetlon of v&r*ous adéitives
o Wear of various materihls

3 Effe»t of roughness of tna fricwion suhfaees

4.'yollation of the results |

A Purpose of the experiments.v S

- The most recent research in the field of testing -
Alubricants has showo thet the frictian-rcduelng effect is
not 1dent10&1 with & reduction of wear. It 1s therefore
necessary to test the lubricants in respesct of their wear

behaviour. —As the exreriments in Report No. 473 have
_shown that the measursment of wear makes dlfferentiaticn‘
bstween various 0ils possible. these exaeriments wer§
con® iaves on_a-asw, impruvni _ppa"a*us

B Experimental inatal1atlon._

> fPhe. ccnstrur“ Qn of - tha 1aw nnaaratus will ba seen .

3 o "
from Figures Jﬁ 2 and B In p"inﬁ‘cﬁg»thare is no change
from the machine descrived in Report No. 478. The new’
apparatua does howevsr, represent an extension and in
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Lefbalﬂ reqaects n.ierovemeut of uhe old machine.Vf‘

o In p’ace o a. shcft “nth tvo drums, two shafts B
each w1th ‘Pour drums have baen provadea.g For. these eight
drums thsre are an equal number oY load: levers and.- :

‘containers for holding the oll. to_ be tested. These

;contalners, ‘each of waich contains 600 cem oil are: housed
~ina’ COIrIOn trough—w;th*aaat ng flumd. T :

As dlsthct from tha old svstemg the ,emper ture
of thm cil '%0. he tesred is measured in each container. with
a seoawate thermoelement, cll of which thermoelement< : :
a“e connectci to a ccamon m1111voltn ,er., N I

ﬁ furthar 1mprovemcnt 9351dea in the device for

.measuring.the wears Wherees in the old apgaratus the

extent of the wear on the pin could only be-ascertained

after removing the drums, the new machine mskes 1t possiblé
to measure the amount of weay vithout any great t*ouble. :

Below the load- levers is a slide bar, on which an encased

gauge cen be placs. = If is thus novs*ble to ascertaln el
without difficuldy Guriung ?ha ax perimnnt 56 what extent the
load levers have come closex 0 the siide bar.  The.
distanee thus measursd is very. approximately equa1 tc the
shortening of tne WOTT pln,

As already" 1en%10aed in eror No, 478 “the drums

.are fi teo with hardsned and nolishﬁa steel. bands and thc

surface of these bands is employed as weap surface, . In-
the experiments deseribed in the present report, two kinds -

-of bands wesre used. Type 1 consists of the normal bandas:

~which are at present in.stock in large- ‘ouantities for

these ezperiments. Type II differs from these by oeing

" gomewhat rougher; thay had %o be used for part of the

experiments 10 briage over dlf;ieul ies in suppiy. Bands

of both types were noraslly used without alterations. -
For specilal exaevmments Lhe roughnecs was increassd by sand—~
uﬁadt tveabmunt. .

In prder %o be eble to marﬁ use of the entire W‘dﬁh

" ef the band, 1f possible, the load levers ars sc placed

that they can be moved exielly in rsspect of the drums, )
In this manner threes sdjacent surfaces-of wear are brouvght to

 bear on Bhz width of the band so that the transition from

ons surface %o the other can take. Dplace without effort.

- The surfaces of wear can bs chang°d es in the old machine, -
"in the 1ongiuucﬁual direct 1@& of the bands by rotating the

‘drums through 459 Thus in the lengitudinal direetion

four surfaces odn be disposed one behind the other, S0 that
twele eXperzme ts ave poss1ble on one hand

C EIDBI‘TIH"SH‘}"&]’. ‘M ethOd .

For all the experlments hereln descrioed the. qneed

—chosen was 8L-r.p.m.; this-is. rather lower than the sneed

in Report No. 476. This was done on the one hand s0.as

to preserve the apparatus end on tho other hand in ordsr te
make Further progress in” ‘the domain of limiting fricticn and
thus -incrsase¢ the wear per stroke. = With the speed used
here the numbér of strokes ps; minute was tnus 164, mdth &
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len'th;bfASiidéibf'éz;Sz X %hiéféor'ebff 15 4o an.aver
sli%ingrspeéﬁ-gf;ZB;chm s'any 8 max mﬁ%?%%%e%?o?nbﬂvﬁm?%ﬁ :

. mhe’ friction pins_used were not wedge shaped s in
Répq?t,NO;&?&“hup]cylindricalwpins with & dlameter of 3 mm.
?hey7§6$seSS‘the“advantagefthat1theu$pécifie load throughout
the entire experiment remains the same, out they muke it .
necessary. v .provi&a-runnihg-in;1g;order1to.match,the,front
surfacewcﬁ;the*pin“to]the curved surface of the steel bend.
Of theblzffricticnwsurfaces~érbvidea‘by-ona*ésel:band§ one

is used for, running—in;_QfTh;s“continued;until the. pin had
been;shortened'by{l/lOHtoTZZlOfmm.  The experiment proper—

. +hon commenced, with loads of 1,2 aud & kg. - With a lever

transmission of 1 i 2, the specific loeds Tor a dlameter
of the fricticn pin of 3 mm were 23.3, 56.6 end 141.5. .
kgfsq om. oo e
T ‘:‘hIn“so’faryas'the nature of the 1ubricant permitted,.
'v%hejtest“wasicaryiad’Out at temperatures vetween £0.and 13090,
The time of the sxperiment was tixed for e large number of
‘the tests at 4% or 20 hours.  Yhen sandblasted bands were
-;used;#thewweaxgwas“so‘greatkthat the experiment hed t0 s
discontinued after a few minutes. T
7 During the test the wear was measuresd by means of a
gauge at cerialn intervals, when the .maching was temporarily
s%opped‘tolpreventiundesirable_vibraﬁion,' After. completing
a ' test ab the.first‘temperatdreTSelected; the oil was -
warmed to the next temperature, a fresh friection surface was
adjustadjand~the'nextﬂexperiment wes commenced. = As &
rule five tonsective rising experimen%al;temperatures were
used, and the oil was not  changed between the individual
experdments., 4 certain ageing ol the 0il vertainly occurs.
here, but it is uravoidable. and of 1o consequance, &as all
theo olls are upiformly .stressed thérmally. . S ‘
~The fellowing oils were exawined:-

~Deseription of Gil Remarks Viscosity in csg)'xlﬁgggigg_lgggg
i . : ; o : : .
Rotring No. 728  Asro-engire oil 272 - 2l.5 106G
= galib, ol . - e o 257.7 1e.04 -89
Wehimacht- Unit oil-auto. oil -1G6L.9 10,4 31
77 900/% . Synth. lubricant 742  88.7 95 .
77900/ 2 ST w1y o188 . 85
Aevoshell med. Aero-enginc. oil 276, 18,8 - o 75
fero W T o By 288,20 17.6 0 81
P 174" . | Syndh. do. 207 21.7 120
8S 902 F 25 P B L i21.8 18,5 ' 125
Wifo Unit o3l = .- Auto oil .. 120 - 11.50 - &1
 Esso1ub'rﬁn§%ug in o ., sz.800 8.8 . 112
- 0 e L o L
“LX 22000 . . {Synth. lubriecent 116.3 13.9 S117
.. {sol. in water R
Rape 0il ‘refined. e 448 100 158
Refrigerator oil, - o D I e R
= red o 16,3 3.2 ,{-wﬁ@
-8 o ~Synth. hydrocarbon- oL T S
Sy T edd 80 &5.55 110
4 425 . Synth ester oil ~ 50.7 6.57 8%
. 15.5 5,43 20

1. RB'B515 . o S do.



Dy ReSults‘df“thevExpérimths;
-1. 'Wear of brass on steel.,

.8} Wear as & function of time. -

o Figures 4 ta 7 /show wear as & funetion of time for
;four lubyicapts_aﬁ;four%differentgtﬁmﬁératures; ST

© - .. ~The behaviour of the four oils variaes considerably.

At the lowsst temperature of 53¢ € { Fig. 4} T2-900/2 and
Rotring,show,to,begin:with'verywlittle'wear;"bu%~after"an‘V”
hour thls inereases very rapldly end reaches high values,:
espgcially*in&thégcase’of:TZ)SOQ/za‘,ﬂWearfcurVeS‘Of‘a" e
hyperbololé churacter are obtained. It may  be assumed that -

“this:peculiar‘curve‘isﬁtO“bG-attributed to a -change’in the"
surface of the steel bend. . As investigation has showa, - o
the Bearing surface gradusily becomes coated with brass dust.,
This coating of mebal veashes s definite amount and then

~increases no Turther; this means that thé wear curve i

- approximately takes the form of a straight line, as may be
obssrved particularly clearly in the case of T2 90¢/2. In
-the case of Essolub running-in 0il and Rotring the weer is

- indeed less,: bul . the character of the curve remains the same.
Quite different conditions are produced with LK 2200.  With

this oll, the -wear after the Tivrst helf hour is the greatest

of ‘all the four oils, but dfter léJhourSﬂthe‘Shortening of =

the pin hag reached its peal During -the further stages

of the experiment the wear is approximately 0''and a curve

Is obtained thet 'is parallel ts the base line. On- the fricrion-,
surface there was no brass cust and only slight traces of

wear were aseertained on the band. - It may be assumed that the

roughness is eliminated by the groat. initial wear, and this

brings about a total cessstion in the formation of metel

: ‘ T Z%jthgucourse of the wear ecurves of these four ‘
olls is fullowed at higher temperatures {see Figs. 5,8 and 7},
it will be seen that in the case of T% 200/2 and Rotring, en -
Inorease in temperature from 53 to 70% brings about a decrease—

~in wear, while the /eurve character is maintained.- A further
lncrease in temperaturs eauses, especially in the case of o
TZ 900/2 {¥ig. 6} a further \drop in wear. = ‘Both oilsShow . .
‘here an approximately sbraight line telation. A% 130°G4f"“ o

“the wear rises again in the case of Rotring. Both with this
‘oil-and with TZ900 /2 the timef/weur curve Is convex upwards -
{Fig. 7). Bssolub, running-in oil at this temperaturs passessg

~through & very rapid risiag straight line wear. = The weer . -
curve of LK 2200 at 700 ¢ has the.same charactoristic as at

/5%9C, but at higher temperetures a curve cannot be plotted, as’
the wear is extremely small and is therefors scarcely capable of
—measuréﬁl“”ﬁ‘en_ . - Ve R o . . co : .

R These examples should show that the -periodie o
variation of wear furnishes valuabls data as to. the behaviour
of a lubricating oil., - IPf in the following paregraphs less

reference is made %o the time course and only the final result
~after a definite time is taken lito coasideration; the reason
for this is the necessary limitation of the illustrations.’

{ Y} BEffsot of various loads.. e ’ '



\In . these. experlmerts brass olns were also used.'~~.
The ecurvesghown, in Flgs., 5 and ¢ with Rotring and Wehrmacht-
Unit 0}l &re to & ‘very large: extent identieal ‘in character,
and only in one case {Fig, 9) is there an exception with
a2 kg/earcm.,j The: reason*for tnlc—necu&iar ecourse Has not
‘yet been found; this case will be_omitted ‘Trom Turther '
discussions. :As’already aaeertainedwin ‘Repoxrt 478, there
is a'minimum between 50 and 100°C.  The temperature e
‘pertalning to this minimum value is the“higher, the smaller
_the specific load on the pin. ~~On this side of the ..
‘minimum, i.6. at low temnaratures, ‘the wear increases very
rapidly and surface pressure is of no consequence. 0n s
“the other side of the minimum the curves for the same -/
" gpecific load diverge. appreciably with rising wear. The .
ocourence of this minimum, as was ascertained subsequently;
is a material property of the brass. In spite of this -
,peculiar wear /temperature ‘course contradicting practical
. experience, the brass pina for these sxperiments were at
_first retained, .as the conditions for repeating this
experimenu w1th such material were satlsfactory, S

16} Testing vqrious 1ubricants

DAt In Flgs. 10 and 11 the results are collated for ‘
those oils who ‘by virtue of their 71seosity veiong to the
"elass of aero-engine oilg.,  Among these lubricants, the -
behaviour of TZ900/5 isstriking, which has & very high rate
of wear at a low temperature and very low wear at a high
temperature. . A very flat eourse is ‘shown by Aeroshell
mediwm and P 174. . Rotring produces & somewhat large amount
of dust at both low and iigh temperatues and the intermedlats
minimum with this oil is particularly strongly marked. The
synthetic lubricating oil S8 202 F 25 '1s remarkabls for
vary low wear at a high temperature.‘, :

: Further experimentel results will be found in Fig,
12, these are lubricants of the viscosity of automoblile oils.

- FZ 900/2 bshaves vevy—similanly to.the above-mentioned’ more .
viscous 7% 900/ 5. The wear cugxves for the previously .~
‘mentioned—oils LK 2200 and Bssolube-running-in oil are .hown

-here as'a function of the temperaturs. In the case of -

LK 2200 only at a low %emperature could measurable wear bo

- ascertained, as at a high temperature scarcely eny dust could.
be observed. Very striking was the behaviouz of Essoiube
rurnning-in oil; which with rising temperature gave evidence

- of great” increase in-wear?y Similar results were obtained
with the two esters E 515. and H 426 (Fig. 13}. It will be

~seen from the case of the refrigerator-cil that even a thin .
0il can produce very little wear at a hzghﬁiemperature. Rane-
oil gives, compared with the hydrocarbon oils H 3 end -
refrigerator o0il, a very much lower degree of wear, especially

a} Action of various admixtures.”, ‘ , n.‘ ----- e

. \ ‘ _ )
‘ . ‘Since oleic acid in ‘sertain coneentrations has &
powerful anti-friction action in the domain of limiting '
lubrication, this admixture was examined from the point of
view of wear. As Fig, 14 shows, 2leic =cid both in the
proportion.of 2% and in thet of 10% contributes to an -
appreciable decrease in wear at low temperatures when. added
to Tz 900/5. - Similar_ conditions also apply to Rotring (Flg._
15).- —Experiments with oxidises oil are also .of interest.
This method of trestment, compared with the original oil,
led at a lcw tamperature to a decrease ana at.a high



?temaarature to0. an 1ncraasa in .e amsunt of “dust ‘Fige’IS}
A Purther diminution in the wear figure was secured by. -
adding 0.01% culpbur to. the oxidised 0il. - ‘The aetion: or

. various addltlons of sulphur may b8’ seen verywclearly from

Figs. 17 and 18. Partzcularly remarkable is the~fact that

. even - quant;tiee of 0.1% can ve" demonatrated by wear. .

‘weasurements. - At low temperatures & decrease and_at hign
*emoeratures an 1ncrea:e 1n wear is. observaa. - With -

“more ‘of a chemlcal than o mechan1cal natura, and these
themizcal” processes. bring about . .8 speedy removal of metal.
-In. the low tempeTrature range. the ‘guentity of added  sulphur
;can be: determined at. whzch the wear reaches a minimum-u,v,
R :

: The experlmentq S0 f&r conductea were " all carried'
uout.with brass- pins. The results are’ remarkable: for their
—ezceilﬂnt—repeatabillty and for. the frequeat appearance

of minima.. As already ascertained in Report No. 473, the

position of this minimum is, inter alis,. particularly

- dependent on the temperature and in connection therswith,
on ‘the viscosity. The mcx: viseous the lubricant, ‘the mere

the minimum will e Tound in the h;gher tempeﬂature range. . .
~I% would. appeay that .two types of wear processes must be -

distinguished here.. The Mlnimum probubly represents a

transition stage TFrom- one form of wear to0 the other.

At a low tempengture, where wear assumes particularly high
'values, bra-s dusy adher;ng to the frietion surfaces could

be obs observed again.and again. A matal deposit. is thus

produced; the. consequence of whieh is that after a relatively'

,brief duration of the experiment the Sume metals slide oa -
each other. Wear under these eircumstances should however
bear some relation to the pheaomenon of corrosion. . This .-
would account for the large duantity of dust. In this
staty the lubricants offer to some exteat sppreciable
‘discrepancies For instance, A@roshell medium occhpies
‘a more favourable position buun Rotring {Fig. 10).
Furthernore, oleic acld anua espceixl y sulphur have an anti~
wear_aotlon {Figs. 14~13). Certain relationships in
regard to practice my oy therafor@ be establlahed here.‘

o . At high temperatu*es, wiere the second type v
of wear is-particularly marked, the wear is mutual; it is’
found both on the brass pin. aqu on the ‘steel band, but -
-the dust on the steel band is, ‘smallvin ouantlty and shows’
‘8 teadency to disappear. It might now be assumed that
wear at high' temperaturss, e.g. wear on piston rings, comes

' nearsst ‘to practical cuses, UnfPortunately, under thess °
-conditims no relutionship with practieal cases c¢an be
found. . A comperativé experiment with Asroshell medium
and Rotrlng at 190°C shows that Rotrmg i’s quparior, but
*nis ‘contradicte experience. = - o 3

’ Although thoce wasar exoeriwentb make a useful
/olassificatlon of. lubricents vossible, it is scercgely -
possible to judge an oll in regard to its practical
- behavisur. It will now be attempted to introduce soms

1mnrovement here, by ths u,e of onhar materials.

‘2 Wear of variaus mfteriala.



R auFigs:ngfénd'EOQShowfthe*wearfr35u1ts*withxginé<made,

of ‘aluminfums- Nida bronze enc soft iron'{obtained from . -
iron. carbonyl), compared with brass pins. = While carbonyl
iron. znd Nida bronze behave .in much the ‘same way,’ aluminium
shcws;Weargthaturise§gwith,thbgtgmperature}agd;hgnggeroshall‘
iz ‘ihferior to Rotring refersnce cil. A similar result .
‘was obtained with piston material obteined from melted -Gown
Iaeroigﬁginé;pistons'(not»heat;treated);iriglzl' R

 When soft item pins wers usSed; made £To welding To&
. heroshsil gave a vetter performance than Rotring reference . .

o1l {Pig. 22). A dnawback however is tbe fzot that the
mlowjdegreerf‘Wearzin?olves'a:1engtny:ex@eriment.andix';ui'g
‘moreover a considerable amount of dispersion. . In additlon,
“a minimum would asppear to occur here too. - Bxperiments

with;castvi?pnjpin5=have,hitnerta;heen?unsuceessful,tas .

the ensuing wear was far too slight. In subsequent ..
experiments soft lorn pins were used, mude from welding

‘rod 6 mm thick. , .

_5)

) Effect of roughness of the fricticn ‘surfecés
 f‘bf‘é§eéia1Wipté:éét was the offect of roughness..
As rough surfates possess the advantage of nrodueing -
‘meadurable wear in a relatively short space of tine, the
‘steel bhands were sandblasted with fine semd.  In order

‘to obtain the necessary uniformity, o bands were stretched
_together on a dvum and sprayed while being constantly ..
“rotat®d.” The oight ‘pands thus obtsined possessed - - =
prasctically the ssme;degree of roughsess. = With them the
-experiments wore coaducted in the same.way as previously, -
‘but the time of the experiment was shortened to .5 minutes.
_The results {Fig. 23) aré very remarkaeble.  Aeroshell
- medium and SS 902 FM show & higher degree of wear than
 Wehrmacht Unit oil and Rotring reference oil, although
the reverse must be.expeeted.from‘practicél experience.
By way.of comparison, the same oils were tested with the
‘same materials, but with polished bands and for the period
of 20 bours. - As will be seen from Fig. 24, results were
obtained in this manner which contradict the previous S
- results, but approximate more closely to practical conditlions.
One might perhaps be of the opinion that this divergent ;
aspessment of the four lubricants is to be atiriduted to the
ageing of the oils, as the action of high temperature in
‘the one case corresponding to the 5 experimenting lasts
5 x5 minutes end in the other case 5 x 20 hours. IT this
were the case, the oil that has been in service Tor 5 x 20
hours would have a sequence as in Fig. 24, even with the use
of sandblasted bands. In actual fact, however; the . °
eonditions sre as in TFig. 23. . The periodic variation of
4the oil therefore has no effect on the divergeut behaviour
‘that has been observed. It mey therefore be assumed that:
tHe difforent degroecs of roughness and the different -
durations of the experiment are the causes of this .
- phencmenon. ' ‘ '

4) Collation of the results.



- with the experimeatal arréngement’ selected, vrass pias
,prdducé}pngh&rdgnegﬁandﬁpqlispgngtealyweagﬁvaluqsgthaﬁxjlgv
'can;béfﬁebeazedﬁsatisfacﬁorilyfi&ndfpermiﬁﬂpfaelaSSifyiﬁggvs

Iubriéants;'ﬂﬁTkébrblatiunshiﬁfbétWEGnkﬁheﬁe%e#p?rimeﬁtﬁli*
*resulfSﬁéndvthe;nesul$Sroﬁtainediinﬁpracticefean;aQQWaYer;;

scarcely;begestablished;.44BfaSs;jsOftﬁiron;galhminium~~
Nida bronze snd piston matéerial very greatly in their . .-
.}wearzbehﬁviour;fby“véryingzthefmaterials= he assessment of .
‘Yho quality of the lubricants may.be afiepted. Botn the
f’abgglntetwear;andfthe\effect“9fﬁthé<tempeﬁature?offth. S
}1ubricaﬁ§;vary”cpnsiderably{with;the?materialsatested,;HgBygy
‘inareas;qgtthefroug'ness:ofkthe fr_i(zi;imf;“.su‘lr*:‘;‘:at‘cga‘,,-'n’ois;,_opl,yj_,l
is the ngx,increaSGd;‘butwaidiﬁférentﬂassessment,isugiven

%o the lubricant. - The great dependence of wear onm the -
‘materiaxiﬁtheﬁtemperatureJandxthe»roughnéSs;makesﬂizﬁlyy
gdiffibulﬁVtOjassess”theﬁ@ar*behaviour;oigthselubricants;_‘a

.iIﬁ;Would;bg]desiréﬁlaftoAfind~a‘metbodgof]in?estigﬂtibn:3

?pﬁrmittingﬁéfﬁdréwingfsomeipragtioal}ednclusions,lparticulafly

s

‘In regerd to the wear . n piston:tings in the engine.. Soft .

'fiergpiqs*qn1a+smoothj$tgel-bandsséemjto_app:oximate”mostf;“j;j
ycloselyatozpractieal‘een@itiqns;ﬁggTa“ﬁhat;extentuthis is the:

.caseﬁmustlformﬁtDGLSubjegtﬁof~future;investigations;,gfln S
manypoasés~afmoreidetailédﬁekplanaticn snd peasons. for the - -
,variousipehenomena;pcéurring;heregcannpz#be~given;j]gA‘f*v‘~”
_knoWledge;OTjthé*phySicalﬁanu,qhémicalhprbperties;wthé.y;hm;ﬁ

resultgqf?theIusualhmeasurementFmeﬁhdds; $s not sufficient "

here. It is'indeed;neeesséry}toainveStigaté further the . .

bah&?iourfbf;theklubrieants:cngthevmetals;,perhaps_by S

moasuring the fricﬁicn'witnTbbuﬁdaryﬂldbriéatign;¢;pe}5u£f4éé31

teﬂsion,‘the‘heaﬁiof~wettiﬁg{{theﬂcorrosionjetg:=

Informgtion?isvalsojlacking;gbﬁut;tne[Sta i1jty.of the -
material in various:&1recticns;ﬁe,g.ftensile_strength,““{_
shear strength. . . Only a;khoWledge»of:these’lubricanteana,‘
,m;ﬁerial‘prppe ties canlsnedjfurtherjlight,on_the problem .
Cof wear... o A e e e e T

nypec/osn ysth taren 1948





