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Summary: A measuring process is described, in which the heating .
T : effect'at~the~sliding*surface;of~aglubricatedfpa1r‘of )
. materiasls is used as g measure for the friction power.
"7 .The experimental conditions are selected so that pure . .
 boundary lubrication exists. The process ig distinguished -
by its great accuracy of measurement. . Phis is demon- -
strated in-a few typical examples. . ' . T
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. lubricating ability. e o

B, Description of the method. . - S
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' The fundementéls of lubricant friction and lubricating sbility

.~ Research into lubricant friction has already a long history.
Progress has led from Coulomb'’s law vie Newton's axiom to the
theories and laws of hydrodynamic lubrication and finally to the
extraordinarily varied investigations into lubricating ability..
As & general rule, with lubricated surfaces, a.distinction is
made between the conditions of boundery!lubrication, partial
lubrication and full fluid lubrication.  In the seme wey we spesk
of limiting friction, mixed friction and fluid frietiom. In

_thig connection, partial lubrication does not réally represent &
‘new condition; indeed, with partial lubrication, limiting frietion
-and ligquid fricﬁion'exist gide by side.- S e

.~ Boundary lubrication and full fluid lubrication differ .

-~ fundamentally from each other as regards the laws-that are valid..

. The difference is most clearly expressed by the féct that the load.
in the condition of boundary lubrication is transmitted to the
sliding surfaces by boundary layers with molecular dimensions,
while in the state .of full fluid lubrication, it is in equilibriur
with the hydrodynamically formed pressures. Accordingly, in the.

. condition of- full. fluid lubrication, only the correct choilce of

. lubricant viscosity and the correét construction of -the bearing-
_are decisive for the lubricating process. In the condition of

boundary lubrication, howcver, the viscosity hag no effeet; in-

-stead, the: surface sction betieen the material of the becaring. and

the lubricant is primerily important. All these influences arc
included in the berm lubricating ability. IR

.~ .7 For many years rescarch workers and enginecrs have striven to-
establish- this conception both theoretically and prectically.
-The most varied proposals have been made for measuring the .
lubricating ability (V. Vieweg, Die Schmierfahigkcit und ihre
Mcssung. Ringbuch der -Tuftfshrttechnik IV.C 13). .
[ ‘ .



xExperimonts to evaluata_luhricaiing~ability.solsly on the bas1s of

~1phys1co-chemlca or pure -chemical measurements have not, so far,

“produced any satisfactory rosults ‘because it is not pos51blo to

‘makc-allowance for all the. 1nfluonces that oceur in’ the 1ubrlcat1ngﬁ‘
_.process,. Thus, for example , in: ‘research on surface tension, :
-heat of adsorptlon adhe31on ctes the. 1nvest1gatlons concsrn only

-8 gingle surface moistened by the lubricant and not; as . in the

- lubricating process, & pair of materials. . Furthormoreﬂ—such S

oxperlmonts=1gnoro the ShOur strcss brought about by the slidlng =

g process. . ol e e _“sfff“msff

In order to do Justlce to thv actual condltlons occurring “in—

'”tho lubricating »rocess, “various attempts have been made to

escertain the lubrlcatlng ability by measuring the friction and
temperature on spccial test bearlngs or test machlnes with
different sliding arrangements.. The many years of ¢xpericnce of

- the Reichsaunstalit have led to the conclusion that in a bearing,.or
“oven in other sliding devices that have been proposed, -therc is no.

homogeneous. condition of lubrication. Indced, cven with hlgh
strosses and low speeds, we arc chiefly concorned here with -

;mcasurements in the stato of partial lubrication. On: the othér
“hand, in'such 'cxperimental arrangements as work allegedly in the

stato of boundary lubrlcatlon no -proof of this being the case

-has been adduccd. = In almost all the cases, particularly ina =

boaring, part of the load is taken by ‘hydrodynamic pressures,.so
that the measurcments are affected by viscosity. This ‘is shown,
among othor things, by the fact that-in such measurcments an
extremely low COuleClont of frietion (0.01L and below) was obtalned
(V. Vieweg, elsewherc, G: 'Vogolpohl “Zure Klarung des’
:leltrelbungsvorganges. 0cl und Kohle . 37;- 1931, p. 720- 728)
iccording to measu:ements by the- Relchsanstalt Whlch will be
liscussed later, however,. the coefficient of friction in the state .
of boundary lubrlcatlon is 0.1 to 0.3. With measurcments*on o
vbearings ete, in addition to the effeéts of viscosity, only preat '
differences in the lubricating ablllty have any influence in the -
optimum case, as, for cxample, in the comparison of a fatty oil
with a pure mineral oil, Moreover the lubricating state 'e.g. in

‘a2 bearing, is subjected in rumming t6 continual varlatlons 'so

}

that it is not possiblc to obtain reproducible measurements.‘ in -
any case it must be stated as a fundsmental principle that
friction measurements in the state of partial lubrication, do not
permit of an evaluation off the lubrlcatlng ability owing to the
overriding viscosity influence. Only in the condition of pure—

-boundary lubrication can satisfactory 1nvest1gat10ns into the -

lubricating ability be carried out, and only here can the .
measured friction or temperature be used for ass9851ng_$hsph____
lubrlcatlng ab111ty. : . : Lo

In order to meet  the demand for a satlsfactory measurlng
process to investigate lubrlcatlng ablllty, the ‘Reichsanstalt,
on the basis of many yoars cxperiencc in oil and bearing rosearch
first of 81l producecd a tostnng device which cnables & state of
purc boundary lubrication 4o be created, and whieh pormlts exactly

: reproducible measurcments: In additlon to the speecial choice of
tho, sliding arrabgemcnt, the careful mechanical construction of -
this. device, coupﬁed with the selectcd method of tréatment of thc

sliding surfaces dotermlnc 1ts satlsfactory funotlonmng,

-2 o



- ... The. method deseribed “in~the prescnt repért sssesses the .
lubricating_ability'byiméasuring;theffrictiongpower.and,the;teme;;
.perature, - The tempereture. and the heating effect at the sgurface '
is.obtained directly. This process{wasfevolvedﬂas,far;back;gsg;.;
1936, (Infl956.the;authqp‘file&=a?patentffor,thé;procgss);,jﬂgf_
vthe’réSeardh"carriedﬁout?SimultaneouSlyfin;Englghdvintp.the,Sux-z‘
_face,temperatureyof‘slidingrmetalsf(FaP;Bowdengand‘K;E,WlRidlgr,'»
~Physical P:gpgpﬁiaSﬁbffSﬁ?féﬁEETfIII?i:Thé;suffaqe<temperature~of»
{Slidingjméjgls,,;Thegtemperatﬁre*ofjlubricated_surfades;'?rOG. e
- Roy. Soc, London;—Al54— 1936 pp: 640-656), served more for gensral—
‘investigation into .the' surface progesses with sliding frictions
A'quantitative,evaluation{ofathe,lubricatipg.ability was -obviously

-out of the question,.as the necessary conditions for a -
~correspondingly good repeet sbility, as ‘discussed in the . -
present report, could not be satisfied, éspecially with régard
‘o the treatiment of the sliding surfaces. & . o

Syl We will now ‘discuss in detail the measurements of the . .
deichsanstalt, since the mothod described has stood the test of

- & considerable time, Furthermore, these measurements furnished .=
fundamental conclusions regarding .the lubricating process, for . =
which, owing to their novelty, & further confirmetion by a direct

- measurcment of friction and wear is awaitcd: A further method
of measuring the friction and wear in the state of boundary © .
lubrication has recently becn- evolved by the Roichsanstalt, and’

~will be reported subscqueuntly, R I S

onBe .Deseription of-theé Method - oo

: "~ The fundamental method of operation 0f tho said process is -
‘based on the fact that a thermo-elecetric potecntial is produced
betwoen sliding metal surfaces on heating. . As the sliding
surfaces make good eleetrical contact with boundary lubrication,
the temperature. risc produced in this way by friction on the
sliding surfacc can be ascertaincd. Indeced, the-thermo-eleetric
potential increases lincarly with tho heating at the rubbing
surface. It depunds on both the friction and on the gliding
speed and is proportional to-the friction power. As will be
seon from the experimental rosults included in this report, the
method described reveals beyond doubt the influcnee of thc
lubricating ability of a lubricant in its friction bchaviour,
It is accordingly possible 1o mako use of the friction power ~ -
or the heating of the rubbing strface and-the -associated thcrmo-
eleetric potential betwecn thé sliding surfaces,: for a comparative
evaluation of lubricants as regards thoir lubricating ability.
As. in earlier experiments of the Reichsanstalt the thermo-electrie
- potential betwcen the sliding surfaces of & bearing was used for
‘investigating boundary lubrication (V.Vicweg & JJKluge Arch, .
Eisenhuttenwes..2. 1929, p. 808. Uchor Messungen der Schmier~
fahigkeit von Oalen in Lagérn),ftherelwere'SOme‘proépects'of-
- applying such thermo-electric measurements to other §liding
- arrangements. By the most precise and the simpledt possible
‘construction of the slidingfarrangement,‘a correspondiagly
‘increased -accuracy of measuremscnt was to be expected.

The fundamenﬁalbarrangement in thiS'metho& is & rotating



: plaﬁe;disé,ahdia statipnary*pinéshapedfteSt*pieCe-whichfiSaprqgsgd_
uwith;adjustable”présSure-againSt;the disc;frThe:lubricanj_toQbQ,J; g
‘éxamingdfisisprcad'in,a»thinjlayérwdnﬂﬁhe]flgﬁmdiscgJ}Tpo,tgm—“_ Ee
perature?changeflhéﬁting) whiéhfbd@urg;direetli;as~afre§ult?ofwa‘p;“x
_the friction at the rubbing:surfacesPof“the]slidingjbodles*IScheg;f,

“measured, < This heating is & measure for the friction power. -

nggihaﬁiemperatureériSeyis,dividgd by'tho*sliding”spged;fthewyalue]"'

obtained;islafcomparatiVGﬁmeaSurc,for?thc;fription;pow§r;flqwipgj—
a%aé%he;smailadimensionSvof thegpin;:thc;degreeﬂof“heatlngg

corrcsponding to the relcvant sliding conditions will bec set up-
almost immediately,;which}resﬁlﬁs&in“a;shortjdurationipfztest,E,
”Theﬁstate_ofgfiniSh'df1th6*§Iidinglsurfaoe_is;thQS“but”littla,_Q
ohangedeuring*measuremani,;,Astill“be*shown*later_ﬁhis,slightf
alteration in_the“éurfacefiSQwithoutfcffectfongthe.friction R
“measurements. The~heating'offectwitselffonly.amounts‘to;a.fcwj
'vdcgreesQCentigrade;"softhatgtheftest=tcmpcraturejfemains;n-'j; .
- practically unchanged. It 1s thus,‘forfe;ample;fposs*blewtom;4w«

investigate the friction under otherwisc gimilar oonditions as .. =
‘a function of “the SLlalngﬁspecd;%Withﬂ&%%%he-effeet_bf’temperature
(as in a ‘tcst bearing) being introduced as a further -important .
factor influencing the lubricabion. R S e -

P

.~ If thc pin-shaped test picce only ig of metal, the degree of.
heating at the rubbing surfecc of the. sliding bodies can-no = -
~1ongerjbe'dctcrmined"by'thefmetth”dcscribedfabove,f The .-
-possibility howcver exists of asccrtaining this temperature
:from,the'tempcrature[gradient-albng the pin, ~Im the case of
domparaﬁi?e*measuréants‘on“the‘sameﬂpair of: materialsg,~it 4As .
sufficiént ‘to moasurc the temperaturexatAanyﬁdgieiminq@wggipt
.of_the'pin, For indirect measurements-of this type, a Constantan
wire is soldcred to the;side of the pin, .so that it forms & 7 -
‘thermo-couple together with the metal pin. In principle,’thc
exact temperaturc risec at:the gurface of any pair of materials -
can be calculated from- the temperature rise of two measuring

points on the pin. Allowance must only be made for the fact

that the temperature variations along tho-pin-is exponontial. .
The heating (4t)x at-any point x of thc pin-ghaped body is given
by the equation: o e e T L R

(At)y = (At)y o -ox

Herc (™ )6 is the reaquired temperature rise at the: surface .
o 8 constent. Now if (&%)1 is the heating at the point x.= 1
and (ot)2, the heating at the -point = = 2.1, the calculation is
especially simplee-—- 7 - : % A . o
We ‘have-. L S
L (2t) = (=%)1
It is certsainly not casy- to aprange two moasuring points in such
an exact mamer:—Indirect determination of the neating effcet"
at the surface from the temperaturc risc at one or two points of
_the pin should be used cspecially when, for example, the disc:
\pqpsists~of*syntheticvmaterial, or if the thermo-elcctric L
calibration constant for the palr of materials acting as thermo-
clement alters owing to the transposition of metal during the
sliding process,’ - TR e o

-  Aé§ofding'to'whoth¢rvthe degrce 6T neating at the rubbing



~ gurfece is obtained frdmfthe:thermbépotentialjocQur?in%;therevQ;;V
~ from the temperature gradient along the pin,: a distinc ion will- .
be made ‘between the ‘direct. or the indirect thermo-electric method
for determining the Friction power., In both cases ‘the thermo=. .
‘electric potential is of the order of 10-5V. It is measured
kbyta-mirror—galvanbméterfofvlbw~péripd;j'Byjusingja’curregt:‘
recorder with & photo-electric amplifier (Ludwig Merz; Messung
und. Aufzeiohnung kleinster Spannung en mit einem lichtelektrischen
Kompensator VIR Fachber. 1938, p. 134=-137),-even-this-small—" "

voltage can be continuously recorded, and this-is important for’ '

4observing4$hefrunningéin:propeSSgetcm'-This{photovelectric'g e

:amplifierfhas;,mbréGVér;jthé1important”propertyythatfit”““”'f' ‘

‘automatically compensates the-voltage to.be measured. Contact - ..
resiSﬁénGéS'betWeen'the;slidingvbodies;ﬁwhich—occurnevenfinwthe*””

‘'state of boundary lubrication, &re thus eliminated in the direct
method ‘using this automatic compensation,  On the other -hend,

by means ‘of ‘a ‘comparative voltage measurement on the thermo- ‘
element formed by the sliding bodies, with a parallel resistance,
the aontact resistance may.be ascertained. If, for instance, .-

the “parallel resistance is adjusted to that the measured voltage

‘drops tc half the valuc, the contact resistance is equal to ‘this -

‘parallel resistancoe. Thus the direct thermo-electric process

also permits of investigating the smallest film thicknesses with..

‘moléeular dimensions, such &s occur in boundary, lubrication.
It is noteworthy that this eleetrical film ihvestigation is not

. effected by the use of an outside source of potential, as is
“eustomary in other proposed methods, wherc, for cxample,

. conclusions aros drawn.concerning film thickness from resistance

. measurcments., . R T I o :

' '3, Troating the slidingvsurfaces;_,' B

: As mentionéd above, the treatment of -the sliding sprfaces, is
- -of paramount importancc for ideal friction tests, -In the method
~evolved by the Reiclsanstalt, ‘the rotating disc is lapped dircetly
in the- experimental apparatus, thc opposing disec consisting
. generally of the- same material, while artificial carborundum .
-is used as the abrasive proper; this is stirred into a’ grinding
paste with a detcrmined quantity of petrolecum, . Furthermore,
the duration of grinding process is rigidly specified, As was
ascertained by check measurcments of roughness, a surface
condition that can be exactly repcaved is thus ensured. In
this way, the most finely finished - surfaces may be prepared,
whose roughness emounts to only 1 w, which is on the margin of
accuracy’ of the usual roughness measuring instruments.

-+ A ‘surface of this nature.has always a dull appearance. A°
gloss can only be scen under certain conditions of light.,. In. -
gppearance, it resembles surfaces which a¥e t¥eated by the
"Superfinish process". It is, however, worthy of notc that the
‘surfaoccs preparcd by the method of the Reichsanstalt show no
,traacs of the finishing treatmont. In this conncction, the term
unregulated roughness characterises such surfaces.v-As againgt .
this, & surface that has been finely polished in the usual way
shows a-regular roughress in-the form of the finishing marks.

: ;ThentroatmOnt proccss of thé Reicheanstalt represents‘tobsome



AN

extent a reflnement of the "Superflnlsh Process & In the 1atter
method an abrasive is used, ‘which. carries out.an aura31ve movement
Pwith - ‘asg many degrees: of freedom ag possible, « In the’ me thod of
‘the Reichsanstalt, on the other hand, the. gringing granules: between
the dises correspond in their action %0 a grlndlncr system with an S
infinite number of degrees of . freedom, Every individual granule
goes through & rolllng and slldlng movement between the discs.
In order to clarify- this, Fig. 1 shows. varlouS~m10ro-photographs
—of~very finely finished surfaces. = The: surfaces’ treated by the
_Reichsanstalt method present & uniform appearanceoﬁ A honed or.
polished surface; on-the-other hand, shows even with. “the . sllghtest
roughness, clear traces of treatment in a definite direction.
-The.- photographs in -Fig, 1l also reveal that the wear on the rotatlng
disc:is. extremely low. “In- obllque 11ght1ng,"uhe °11d1ng track :
can. scarcely be dlstlngulshed. Olearly, only the ‘highest points
are polished. by the sliding process, and: these are the points whloh
appear glosey w1th llghtlng at rlght anglos to the eurface.,'- §

- It is. furthermore 1mportant that the crystalline structure of
the materisl is retainmed Wwith treatment in the- Reichsanstalt method.
As 0pposed to this, ollshlng a surfeace, an amorphous- layer’
will form (Beilby 1ayer€ Ein Neues Feinstbearbeitungsverfahren
" (soperfinish), Automobiltechnlschc Aeitschrift, 1940, p. 596., .. 7
which lies over the crystalline: material., In e slldrng process,
1nd1v1dua1_parts of this layer will flake- off, and this will.bring
‘gbout & relatively great change in the slldlng surface, This™ -

. rathor jeopardises exact and repeatablc friction- tests4__Sur£aQaa____
that have been-treated by the Roichsanstalt prevess on the other '
hand, show & gradual but unlform wear. of the ma’ erla] 1n/the slldlng

process. 4 : : o

SRR

. In 8ll the frlctlon tests hltherto known for eraluatlng
lubrlcants, polished surfaces are used, or elsc the surfaces used
_have .regular roughness in the above sense- (flnlshwng rarks). In
addition to the difficulties already described in bringing about -
a-gtate of boundary lubrication, this is the main reason why the
friction tests hitherto in use have not always given satisfaction
as regards their repeatability and it has been 1mposalb1e to arrive

) at an exact svaluation: of 1ubrlcants on the ba51s of Irlctlon tests.

‘741 Mechanlcal Constructlon of the slldlng dev1oe

 The mechanlcal constructlon/of the slldlng device’ w111 be :
scen from Flg.z. The pin-shaped tcstpieco is rastoned by means
‘of .pliers, as in usual workshbp practice, to a 51nglo -armed
lever. The tapercd. bearlng of this lever eunsurcs the malntenance
'of the setting of the pin in respect to the roteting disc. ~The
- load may be adjusted by adding weights to the lever.  In order
to- secure uniform pressure distribution on-the sliding surfaces,
the latter must be ground 4ogether in. a -suitable manncr,: This
is offceted on the device itsslf by means of a spacial test.
In order that tho position of the sliding surfegscs in respeet of
“caeh other maybe—tho—same-for- all positions of roté&tion of the
“disc, when this dise rotates through the measurlrg point,. it
‘must not deflcet in an axisl direction. .The revolving disc is
“therefore attached to. 8" partlcularly well povlt*oncd splndle..



Furthermore the moasurlng dlSC can bo finely adgusted by means
of . a settlng device. For this purposc, the :setting device is. _
—fltted Wwith a- dlaphragm-suoported thrcaded ;ournal and- several set-‘
‘serews, By this moans the impact on the measuring point with a
dismetor of the sliding path .of 120 mm, may be restricted to. 1 u L
‘and below. - The -aforcmentioned- me chanical S%ructure-also ensurss .
‘the maintenance of the reciprocel position of the gliding. surfaces,
~when tho pin is removed for cleaning the sliding surfaces or. for b
the fresh treatment of the dise.  Even with hard materials such -
as steel and cast iron, it sufflces 10 nun—in for only. about 10
“minutes,. and thus to av01d -any mlnute dlsplacement of the slidlng
' surfaces.-e : o S e e T y SRR SR

' '5; Test Procedure and Results

i After treatlng the rotatlng dlSC, the abra31ve ig carefully

~~removed“and~the “Surface-cleansed with-regidue-free-benzine, ~ The
Jubricant to be investlyated is applled to the disec in a thin layer
and while running is distributed evenly by a fragment of leather

, (prev1ously cleaned) pressed 11ght1y agalnst the dlSC. . ,

As already stated in the prev1ous para%raph the rod soon :
grinds itself in (a matter of a few minute on the surface of the
isc. The measuring state thus produced in the case of the pair

of meterigls steel-cast iron remains unaltered even. for a prolonged
‘test of about 2 hours. Fig.3 records such a test., If allowance-

. is duly made for the fact that in the tests proper for adjusting

‘8 measurement velue, and for its reading, only a few seconds are -
requlred the moasurlng state .is maintained for a sufflclent 1ength
of time even for several tests carried out on the same sliding
track. When kept running for still longer, ‘Thowever , & more marked . -
-polishing of the surface of the disc will be observed 'so- that the
. state of boundary lubrication gradually passes into the ‘state of
partial lubrication. This becomes noticeable in & reduction of -

. the measured deflection; this reduction may be attributed partly

t0 an asctual reduction of friction owing to the formetion of a film:
and. partly to ~the contact res1stance‘due*to"the fllm of 1ubrlcant.

‘ The aforementloned brlef measurlng pOTlOd for settlng and
regding off a measured value indicates the equivalent inertia free
‘operation of tho method described, - In proof of this, Fig.,4 -shows
“the recording of the friction power by means of a recordlng '
“instrument, the surfacc of the disc being coated with a very thin
‘layer of . 011 (mineral o0il), and at & small point of the - sliding
~track some oleic acid is: appllod.f The exp Gorlment gives &
perlodlcmty of the’ frletlon power- correspbnding to the speed- of
votation. . Bach time the point m01stened with oleic acid on the
surface of the disc passcs beneath the /pin, the friction power at
once drops, only to mount again just as qulckly when this point has
_been passed. - .For this experiment.the aforementioned fragment of
leather was of coursc. removed. The gradual drop of the mean ‘
deflection is due to the fact that the pin gradually conveys sor
'o$ the olelc acld to other points of the disc surface.,
/
- . 0f the numerous measuroments carrled out on the most varie.
~lubricants, we shall now describe a few of the more striking
examples. - Fig.5 shows first of all two series of measurements,
~affording proof of good reproducablllty of the method. . - The
friction power is here, as in subsequent measuremcnts, plotted in .
‘arbitrary figures. Howevcr, only . one comparlson of the experlmcntal



" results assembled in one disgrem is possible 'as the sensitivity:

‘wag differently adjusted,in‘otherfcases;~‘The?agreementuof;thei B
“two seriés of measurements-in Fig, § is extremely satisfactory. - -
and shows thet the finish of the sliding surface during: the: brief
mesasuring period is scarcely altered, or else such alteration has .
“1i6" effect on the accuracy of measurements. Here it is noteworthy -
that between the two measurements, various other measurements

Were.carrled-Oﬁt{bnfthe59ame'SlidiﬁgftrQCKgof_the rotating=disc, *
'Withﬁﬁtfthé?diso'being%freshly'treated~between{teéts; ‘The same” =
_aceuracy ofcmeasuremenxs“and“repeatability1are;1HOWder;xobtained'1- :
_if;the'Surfacefofvthe.discfis'freshly,treatedfbeforeJeaCh;experiment.

New treatment of this type is espccially recommended when, as. e
result of the lubricant examined, & chemical attack on'the sliding
surface is*to,bevfeared;'rFig.5_alsohshows;theﬁtemp&raturexpises;-
ot the sliding surface. They were obtained by a special - e
calibrationvand,confirmed;the;preVious:statement,;that.thej'
temperature of the ‘cxperiment. is._practically unaltered by the -
‘friction test itself. i e D T e D e S

. As further stated in the desoription, the mothod works in
the state of boundary ‘lubrication. It must thus be possible to-
comparc lubricants of different viscosity, without such comparative

measurements being influencéd by the effeet of the viscosity.

‘Fig. 6 gives the measuroments of two oils, whose: viscosities are
approximately in tho ratio of 1 to 30, These are, morocover,
‘gynthetic oils, which in regard to0 their surfacc sffects: behave

in. the same way, so that with mcasurements in the state of boundary
“lubrication, mo discrepancy was to be expscted in the matter of
friction. Measurements confirmed this expectation and did not
show, even slightly, any influence of viscosity, According to-
.the experience of tho Reichsanstalt, such an effeet would. make
tiyself felt -in a- further reduction of frietion, and this would

bé ‘all the more noticeable. the greater the viscosity, For in each
—¢ase~the friction <is-reduced on passing from the state of boundary
lubrication to .that of partial lubrication. It only increases -
again if a state of full fluid lubrication sets in, but never
reachesrtho{valuesQOf.boundary_lubrication.‘“ i o

- 'Since the method works in the state of boundary lubrication,
effects of ‘the composition of the lubricant on the friction must.
become very noticeable during the measurements, ~ Fig. 7 shows '
comparative measurcments with cctane and with cetane containing
‘difforcnt additions of palmitic 'acid. . The well-known friction
reducing action of the acid will at oncé be perccived. - Very
small additions at first cause % considerable'drop in frietion,
but with larger -quantities, the familiar cend state as regards
friction sets in., A further incrcasc of the additive no longer
“affects -the frietion.- -~ = o ‘ SRR

A further proof of thc utility of the mothod will be 'seen in
- the measurements reproduccd in Fig.8. “In agreement-with .
- practical experience, the fatty 0il shows & very much smaller
cocfficient compared with the mineral oil. The syntheticelly
produced o0il behaves evon more unfavourably then the mineral oil.
investigated. Th%se_observations also coincide with practical
oxperience, as the synthetic oil is a ragw. material that is.
expected to behave somewhat like & _pure mineral. o0il,- This result
is importent in so far as tho measuremonts in Fig.8 might permit of
_.the conclusion that synthetic oils arc not suitable for lubrication
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The uxperlence of the Relchsanstalt W1th synthetlo omls .
origins and -spheres ‘of application has’ shown ‘that it is. p0331ble

to-day to producec synthetic oils with: excellent lubrlcatlng v
qualities. ' This, howcver, . 1s e mattor that ‘will, be 1eft for
futuro dlscu531on.‘1f,v S : SR

g 6 Conclu91ons;f -

o Thc method descrlbed for the thermo-eluctric measurement of -
;jfrletlon power” hasﬁproved ‘itself in thc examination of 1ubr1cants
~with regard to their friction behaviour in the -stete of boundary
-lubrication.  The measurements reveal gquite clearly the effect

- 0of the. composition.of the: lubricant on the friction. By ellminatlng*
- all hydrodynamic f£ilm. formation, comparative- measuremcnts are also™
u;p0351ble betwaen lubrlcants W1th great dlfferences in v1scosity.a‘
- In prlnclplc the thermo electric methnd can only bc used for
.comparat1v° measurcments., - A quantitative meagurement of: frictlon,
- -in particular oxact indication -of the- cocfflclcnt of friction, '
is not possible by the method described. For such friction s
‘measurements another special mcthod has beun ovolved and Wlll be j
‘ descrlbed in"a subsequent report., RS . : .

Dlagrams

dFig.'l.'AMlcrophotographs of flnely flnlshud cast iron surfaces.
Tig. 2, Mechanical construction of -thc apparatus.. - s

Fig: 3.. Variation of frictional powor in an exténded tost.
-Pig. 4. . Ezperiment to.show thec freedom-from inertia. ‘of the process.
Fig.‘S.ffFrlctlon power in terms of slldlng specd..é ‘Repeatability.~
Pig. 6, Sr ["--" ' ,' R Effect of:
R Vlscos1ty. ] L ERRE '
Fig. 7. Frictidn power in terms of slldlng spced. - Reductlon of

R ~friction by addition of palmitic acid. \ :
Fig, 8. Priction power in terms of slldlng speod.-

o , comp031t10n of: lubrlcant.- N :

Effoct of

Brd April, 1945.





