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wApparatu for measulln*' he IUbIICMthg propertles R
[ vlth llmltlﬂ” frlctlon y ‘

CSummery: o An apn dtU° is deocllbed Whlch W1th a low dewree*f,
of dispersion of-results: enaoleo “the frlctloaal“coexxlclent —
to be mezsured Wlth liniting lubricction.  In construction it
is very simple, easv to ope'ate-”nd therefore particulirly -
suitable for nort tes - The apparstus mekes it nossible to
differentiute eagily between the individusgl lubrlcants and
affords the possibility-of 11vest1yhtlng the e ect of R
addltlves of dliferenu klndo._ Ll
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“PUluO 58 0% tne exnerlnenu o SN TR

: - An dnparatuc WES developed at the mechnlc al “lberlmental
“Station enabling. the frictional coefficient to Dbe measured with
limiting frietion. With thig anperaius o number of ludrieants -
were to be teszted in order to form an ovinion v to 1ts'

’prucﬁlcgl use. il

?wnerlmentul 1autallhu10n.

) The funddmental coastruction of tﬁe-uwnarstuo Wlll be .
‘seen:  from Figures'l, 2 and 3 (The suggestion thot prompted ----
the developﬂent of this apparatus was the pgrease meter =
described by Charron - 1’ubllcl'l;lons,,c1e=1'11,:n1ques et-Techniques
du Ministére de 1'air). It cons igts in the mein of a ground
end polished steel roller with a diameter of 40 mm snd a wWidth
of '200mm. This steel roller ecn-be czused to rotzte slowlv by
means of an electrlc motor unlouoh a._worm ge°r.' :

On the lower side of thl roller is a brﬂss chglﬂ whlch
an be loaded at the ‘end by a ‘weight, while the -other end is
’connected by a lever transmission svstem (1 :2) with'a bulunce.,
The chzin used hére ig ‘s ‘simple link chain 12 em long, which
acecording to a pectroscoplc cnalysis consists of an allov: og
copper With about 20% zine. With an. angle of contact of: 180
the 26-1ink chain is-in cont ct wlth the roller t“roughout

,1ts length of 63 mm.

» Both cbalﬂ ﬁd roller are immers ed in the test-ozl ‘hich:
¢cn be warmed by an electric hester, A 2 thermometer is used
for meas ullug the tenpeluturn of the o0il in the container, It
is howeve1 ‘moxe important-to—sgcertain the temnerature o the
surface of the roller, se the thin film of 1ubrlc"nt between
the chein and the roller Will cpproximete to this temwerature,
This measu emedt is_efifected bv means.-of-o- ‘thermo-element, -

“which passes from. the, inzide to the surface of the roller.vg
The temperature read off on the millivoltmeter is used as g
bagis for the measurepents: shown in Tigs. 7 to 13 and is ‘ghere
czlled-the "oil temuerature" C This tewmverati: ‘e i5 about 10°¢ .
/below the 011 babh in the mé Zimum case. -

The_annarhtuu warhﬂa' 2 neliollOWing«Way:_ The weighted-3
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chain.isfpréssedfagaidSt”thegrqllér'frcm belows: ‘When the:
'latﬁer,ngrotated‘fébcordingetoFﬁhe;1ubricatinggeffect_qf.the”,
,oiI}Tthejcﬁainjisfcarriedaalong;totai@reater-or,1essﬂes$ea$+fh
in thevdirection/qf:rotation‘end theIebv,brings avout g S
cozreSponding;deflection_ofﬁthe;balence.rksinceyinﬁthe,‘:, v e
JexgerimentpthejperipheI31 speed'is,verv lOWiandlonlv_punctifOxm
‘Qontcct-b;kes”placezbetween'chain.endzroller,fthe‘appa;atus,"
works with limiting frietion. It is d.teresting to examine
more clda&ly_tue,dlstrlbuﬁ;on,of.the'pressure~along the eiiain,
Tor & losd of 400 gr ‘the pressure of the individual links. was

}fEEIEulated;?and'ﬁhié;ismshown diagrammaticallyfiﬁf?iguresf4j'grf_'
coand 5.0 Ag' besis fo wthsqcelculgtioni'amcaefiici%ntjofxfrigtion:ar

-ofﬂ&ﬂuAo;l,or,o,zﬂwaﬁlused..‘It #ill be seen that ‘the pressutre
distribution along the chain,rises-slowly¢againstfthe,direction;@;
of rotétion,_anafthe1pressure;ineqease'with,a‘hieher frietional -
coefficieat occuis moxre rapidly thun with a low-frictional- e s
cOefficieﬁt;~vOils_withvgood 1ubricating?propé;ti§s'are there-

- fore tested with somewhat lover mean pressures, ag for those

B With_poorilubjibatiﬁg“ﬁioperties. 'This;phehomenon and the:

- uneven distribution of the load is 10t, however, a Tundamental
‘fault of the appdxatus.v'ngsurements,with‘limiting frietion
follow the law of Coulomb, i.e, the coefficiont of frietinn is
inﬁependent*of'théflbad'LLL:_HIm = "R2. =R cvea)s -
“As long as;measurements‘remain within the domain of limiting
friction, the difference in load that occurs is of no.. - '
consequence, Lo : . SRR

" .- . One drawback of tHe,apparatuS”iéwhowever thot no-aceurste
~informution cen be ohbcined about the syecifie surface pressures.
Attempts have been mede ), by calenletion, to obtain the. svecific
surface precsures at lecgt aprroximately. Tris was done as the

result of the following conriderations: Tach link touches the
roller at two points. At thete soints the radii of curvature
are, on an average, approximately eqnal to thit of & sphere
with a digmeter of-1 mm. Af we imegine the link to be replaced
by-two>such»spheres;,the»specific lozd cen be calculated for
each sphere accordiug to Hertz. On the suvvosition that.a N
-weight of 30 gr is brousht to bear on one -sphere, e may o

- caéleunlate from this ‘a specific loud of 6500 kg/sq cm. - In this.
Wway some incication is obtained 'as to the order of magnitude

_in which the specific surface-press res cetn be expected, - i

-— e - 1
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T Experimental method., - St
o Before each experiment the roller was cleansed of the old
oil attaching to it.  This was done by washing with gssoline

‘and treasting With polishing rod. . For esch- tvne-of oil*a new

..chain was used. In & uwormal.oil test the experiment commenced

-~ With measurement at room tempersture. Here the frietional vower
&% "the moment of starting (i.e. the static friction) was not -
determined, as-with Charron, but measurement took place when -
the roller wes turhing\unifdrmlyj_i;e.‘With sliding friction. -
The roller hzd a.speed of n'= 2.4 r.p.m. which corres-onds to
‘& peripheral ‘sveed of .V = 0.16 cm/ce, . When the measurement
was.completed, the 6il was slowly warmed 7ith a heat input

thst remained eonstant for all the experiments, After 'raiging
the temperature by about 8~10°C, a mezuwuremsnt was ce.ried ouk.
<nd so on, - In between the individual‘measurements,.the motor
driving the roller was stovned in order to avoid unncesssary
wear and tesr on the chain., - The vrocess was continued until - .
the 0il hzd reuched a temmerature of 100°C, whén %le experiment
was broken off,  fhen thevexperiment*qgg,reﬁeaﬁea,‘the}oil.wns
reneved, the chain was turned and the ‘exseriment started once
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,moze at room temperature. Fach chaln wss ongv us ed twlce,
. once’on each side; end “only’ for one. the s;me 031.: Tt o ﬂ‘not
j,therefore nece gary to cle - the uuqvn.~- : T :

i From the measured deflectlou of he baluﬂce the coe* 1dient
of fllCthﬂ wac cylculated a8 LOllOWS" L ot

,.Gulculatrnv*thE“coefLJc1enu of ¢110t10u°5’ .

' _ n . =
..SI'é pull o*‘cnkla T alrectlon of rotatlon 1n rr,-
¥52 ;“ weimo C;ulﬂst o ey gy

G ',," ]_oad:’ vﬂv"gr. e : RORCR . ,/.
‘A‘iéudeflectlon on Lhe oa]aace dnigr o

-;(‘x="angle of contact
AL

,vAccordlnv 0 the' well—knowﬁ‘?01nula for frlctlou Wlth rotaulon
'("Hutte" 27th Bd. ~Vol. l,, <403, ) TR .

coeLflclenu of f¢1ct10a.i'>
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From this we-heve

T : ‘1010 24
b _;L_ lnl _2‘_-A_ 4_‘%‘4‘- o 8' —.-,‘(%,...
v T o G . 7 1. u86 R
The follo11un 011u wele\uevted Vltp and Vltrout woululve
DPscrlntloa of - 011 noen 2gm§35§ o V1800°lty
~ | e . _ - 3880 T 999
mhell A B 11 - : oo-0ooo Hinereld 0il . ‘ 12,9 PR
‘Rotzing referelce 0il1 - Avizbion oil o RBY5 . 20,46,
T2 900/2 R Synthelub, 0il - 197 18,8
Essolube Rumning-in oil L - S .82.8 8,9,
Wehrmacht—Unlt 0il .7 Mineral oil 101,90 1044
~HB o .o Synth, hvdgo- B R e
: K_* - carbon oil B 60 . . 8,55
H 32 R S Vdoe o 247,33 23,2.
Heo 140 7 o0 ' SRS do. ‘ 1104.,5 57,3 -
B 426--- . - ... . 3ynth. Ester - - 5047 6457
“Bome oil .. T : S -'-_45.7 - 9.02
"Fepe oil . : SRTRTE T - ‘ , - 44,8 . 10,0
Castor oil - . _ Como T B9644 20,0
Elaol 4 o , -~ Synth, este¥ ., . 87,05 4.92
TK 2200 s ~ . Water-solnble. : RERTTE
: - svntu.luo. : . 116.8 13.9



fPesults of the experlments.‘g;

e aTheeflr t thlng to be e amlﬂed was whether the annaratus
‘functlonu in the domain of limiting lubrlcatlon.‘ As will: be
" found from &ll the measurements (see Tig.6-B) ‘the frietion
~indices -are more than 0, 1, so: that we have a‘case of. 11mit1ﬁg
“lubricatidn, (“hlllﬁnovlch VDI Zeitschrift Vo, 85 ‘No.25/26
27th June *1942),- In thig conditiom of. ‘lubrication, Coulomb{
“law must énplv, aCCO;de” o’ whlch ‘the coefficient oi frlction
is 1nde pendent of the load.' As: can Dbe seen in fig. &, this’
condltloa is verv appro’ imatelv satlsfled.«_mblq is: therefbre
iurther proof of the preeence of 11m1t1ng 1ubrlcat101. R
Oi sveclal 1 tereuu ig the varlatloﬂ of the coeeflclent
_of f 1ct10n with—temp elature. Since an influence of variable
- load, as deseribed above, is not pressnt, it is-sufficient to
“select one load~ on1v./ In all “the other e;aerlments uhlS was’
400 BT fh;w o

: As Flg 7 uhow -tne coelflclent of fIlCE101 increaees, :
with riging teﬂnelerure to a‘different exient with thé various
0ils,” Particularlv sens 1t1ve are the hyérocarbon oils, 848
Wehrmeeht unit oil, as onposed to products of a different
'compomltlon e.u. EY 2?00 Wnlch is soluble in: Wacer._’

- Flv “8 C'howo the conrse - of tle Coe¢f1010ﬁt of *rlctloa 01
three svnthetlc hvarocurbon oile of similar -commos 1ulon._ The -
‘produets differ meinlv ia theiy viscogity and the size of thelr
molecules. These three oils' cen be classified iccordlﬁg to. :
their viscosity,; the most thinly floW1ﬂg conmpouid prlng the
highsst coefficient of frietion, The qnesclon 1ow arises as
to uhether this is indeed the ef¢ect of viscosity or thaet of
the different. size of the molecules,  TFig., .6 8lso shows- “the
“result with a synthetic estexr H 420. The conrse of the
4coeff101ent of fvlctlon 001ncldes almo:t e: actlv with that of

FlD. 9 shoxs animal snd veretable oils tosether Wlth a3
‘svnthetlc ester "Elgol 4", In these lubricents, not onlv
the low coefficient of frlctlon is rimarkeble, but also the .
more or less fzlling course of the cuives with rising ‘temperature,
Whether we are confronted heie with a chemical chenge ‘in the =~ _ -
0il as & resul$ of the. hl”h temoerdture is a matter for future -
1nvestig tlon. R R R : L

0f ps ;Llculur 1nterest is the‘behawlour of the different
sdditions to the lubries ting oil, e.z..oleic 'geid in the
propo:tion of 2% with Rotrlag reference oil. brinzgs about a verv
- consideranple 1mhrovement in the frlctlon coefficiant,. neclally
-M1n~the “high- tewnerature TETEE (Ti*tlo )e PR,

J1th uehrmacht unit oi 011 the ctlon of. the olelc acld isg
rs ther 51111 T. The coefficients of friction are rabher hlaber
then those of the pure oil (Fiz.1l). It ic well ¥nown that' -
sulphur products slso have an ent1-f170+1on effects  An instance
of ‘this is afeorded bv. Wehrmacht unit oil: i7ith 27 of a gulphur
compound. The effect of graphite. is likewise rggg;baolei. The

mixture tested here of mineral oil with 24 uutdlollag wloduces
,“ ry -much 10Wer ¢rlctlon COfolClenbo.~

C Fl” 12 shows results with.oil mlrtu*es,‘ uch as are
used in a similer comn031t10n as cutting oils for machlqlng
operetloas. In pre ctlce,' for reegone of economy, the mineral .

0il-is supmlemented Tor this pu;vo"e Wlth a fem )er cent of -an .
nimal or vegethble 011

)
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That'such a mlw urefbrlngs about a verv ﬂreat 1mvrovement ane
%he lubriceting action mev be seen from qu. 12, Practical -
ex nevlence ig thus fully . borne out by e“rerlmeno. gAutestimethdd

£ this type is therefore of particular: valuewiql 1nvestlgatlng
substltqteu foz anlmal _nd ve etable 011 SR R e

: . “; ;;10 3ho'°.th= fxlctlon-nromot;nq; 1 e;
ef;ect of &dding wauer of tne lubrlc:nt‘TV 2200,
c‘oluble 50 : e P

: : On the delo oF these e“anrles it mav be‘ 1d thqt the
avpazatus in this form und-in accorgdaince With these: experlmentalz
processes gives excellent measurement values which can'be " —=

_repeated, end enables the lubrice ntg to e cl%o31?1ed AT

unamblwuouolv., Its élmu11c1tv and " ease of operatlon meke i*

“speeially sulted ¢or'ah01t tests on small samples ok ,011. o






