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wS‘nopsis..’u?hefoutstanding,problems.ofvlubricatigg'oil‘testing'are
-dealt. with, " After a‘gen&rélféipbsitibn%of"the_vaniéus_1ubr1cation
conditions;a.description is given of‘the~1nstrument$~u§ed~for~thej
measurement -of friction coefficients. and wear;. and finally the test
results are given, The applicability-.of-the four ball machine to-
the test of E,P, additives is also discussed. = =~ N . -

©r o Low tefperature “properties are dealt with and  the advantage .
of-good,Viscosity-temperature‘characteristics-is_particularly '
stressed. - Test results from the 1.G. cold cabinet are given, and.
the effects of viscosity at low temperatures and of solidification’
-point. arve -discussed. -In the course of engine oil tests, the ring-
sticking test is particularly emphasized and the effect of inhibltors,
is discussed. Finally it 'is reported on foam formation, oil - - o
thickening and oil, consumption tests.

'{ Technical .tosts on iubricétiné oils.

: - Up EOia_feWAdecédes'agp,'the cholce of a lubricant for machine
" 1ubrication was of minor importance, but the swift development of '
automotive transport and aviation has forced the need for a closer

atteﬁtionaEOSIubriéation'prOblems.W~TnéGermanyﬁ"this question became
particularly urgent during the last decade, mainly due to the - -
development of the Luftwaffe, with the great demands involved both
as reégards quality and quantity. These demands havé risen still .
further..owing to the war, _Engines- were further improved, to combine
maximum. power with minimum weight. ‘This resulted in higher bearing -
prossures and higher temperatures, ‘i.e. an increased-mechanical .. = -
- and thermal-stress of the, oil. -lMoreover there is the possibility of
- eliminating the oil cooler, which adds to alr resistance, in order
~to step up the flying speed. his measure represents in turn yet
an additiongl strain-on the oil. If those requirements are to be met,
_the point should however not be neglected that the low temperature -
characteristics of the oil, i.e, cold starting, may in no case be
affeeted; on the contrary they should be further improved, to meet
prosent requiroments. These contradicting and exacting demands are
made not only on engine oils, but also on lubricants for different
purposes,. 6.g. weapon oils. A machine-gun—oil-must—assure-adequate’
‘Jubrication of tho woapon even whon it 1s hot as a result of use;
on the othor hand, the gun must bo in firing order oven at -50°C, as
it is the case in high altitude flying. Those two ‘oxamples will . -
suffice to show tho demands which prosent toechnique makos ‘on- .
jubricants. If wé considor the difficulties of raw material supplies
pboth as rcgards quantity and grade, we can sce that the problems .
confronting the oil chemist arc to-day far from simple. To be able
to solve these probloms, ho roquires. first of all facilities to test
his products, on methods suitod to:practical requiromonts, - There ..
arc numorous methods to test the. various propertios of lubricants,
but nono is quite satisfactory. The “intensive work now carried out
in various quartors on this subjoet gives rise to the hope that in-
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fthe near. future really faultless and practical test methods will be
,developed.lufg,. ) FTER S el L Sl

: ‘The obJect of this lecture is to outline the properties
expected from lubricants and the possibilities of the technical -
: ekperimental station in the. 1nvest1gation of- lubricating oils.

,*“” In order to test lubrlcants it is- necessary first of- all to
undorstand ‘clearly the tasks for which they must be suited; Primarily
-a ‘lubricant has the purposefﬂé reduce friction,. secondly to prevent-—-
or lessen wear -and _thirdly dissipate heat,i_lb shall deal with the
last named first, The cooling offoct. depends less on the choice of -
“the~lubricant than on the -quantity of 0il in circulation—and-on- the
design of tho parts,  For -our purpose, it is therofofo unnecessary . ..
to'discuss. this point any further, On the other hand stress must be
leid on the antifriction and wear roducing effoet of tho oil, which

wo call lubricating capacity. Bofore using this expression it should
‘be well understood that tho processos of lubrication arc-still -
insufficiontly known end no cloar definition exists for the concopt
of lubricating capacity. I havo montioned boundary lubrication and
for a better comprekension it is nocessary briefly to elucidate the -
various lubrication conditions.. This 1s best-done by following thé .
processes on a loaded plain boaring at varying spoed. Fig, 1 shows.
tho variation of tho friction cocfficient in a bearing in terms of -

the r.pems, when throe differont oils of oqual viscosity .arc used. .
“At high speeds and othorwise .oqual conditions the samo: coofficient of
friction is found with the three oils, Bearing and shaft are ' )
‘soparated by a comparativoly thick oil film capable .of taking up

the whole bearing preossurc, Thc shaft. ploats™. on the, o0il, with a

very slight relative eecontricity of shaft and bearing. I it wore ,
- possible to increcase the spoed to 1nf1nity, the shaft would run
concentrically in the bearing and in this case, the oil film thickness
attains its maximum. If on the othor hand the spood falls off, tho ’
shaft draws noarer to tho bearing, At the same time tho bearing '
friction coofficiont drops.till 1t roachos a turning p01nt a minimum
beyond which it incroases to a maximum at zoro speed whon the shaft :
rests: directly on “tho boaring, — Tho minimum p01nt is of particular
—importance. To the right of this point,-i.0, at. high specds, is tho
~state of full lubrication, to which apply the laws of hydrodynamics
“andin*this region thore is no woar. . For the same mochanical - -
conditions, i.e. the same superficial pressurec, spoed and becaring
design, the. friction cocfficiont A deponds solely on-tho viscositys

all lquldS‘Of oqual viscosity, irrespective of their othor chemical
or physical propertios, have thoroforc the same -coofficiont of :
friction. A4s thoy approach the minimum p01nt the friction curvos of
the various 0113 diverge.

7 "Hore tho lubricating capﬁcity, Wthh then manifests its effect
completely in the rogion of boundary friction, becomes noticcable,
"In the state of boundary friction viscosity has no effect. In_the.
rogion of mixed friction or partial lubrication, i.c. ‘in the vicinity
of the minimum, complote ‘and boundary lubrication prevaill togother. o~
In the stato. of boundary lubrication the_shaft is so noar to the
boaring, that tho motal surfaces are separated only by a fow oil
molccular layers, Noﬁcon81stent theory is availablo yet on this =
lubrication state; one of tho best known of those is that tho oil is
adsorbed by the mctal is subjoct to an orientation offoct tho - ~
1nten31ty of which varies with tho comp051tlon of the lubricant
~as'rcgards its polar components and its affinity to the motal, and
produces a lubricating value which varies accordingly, . This )
“oriontation cffect oxists also in tho region of comploto lubrication
‘but in the presence of tho considerably thickor oil film its effoct
is negligible as comparod to thc lqws ‘of hydrodynamios. ’

In’ actual practico tho obJoct will always bo to ‘work w1th vory



small frictlon coefflclents An the region of complete lubrlcatlon .
'av01d1ng~the minimum point  for reasons of. safety. This is .quite
possible. A convenient design of the bearings and. particularly a
_suitable choice of the viscosity Wlll permit operation in the most’ .
favourable region. - The conditions of partial and/boundary~1ubr1cation
“can, however,,never be c¢ompletely avoided, These occur on starting
andlstopping 'all oscillatopry and alternating motions such as those .
~of  the piston,in the cylinder especially at the dead centres, lie in.
the roglon of boundary lubricition and ‘cause wear... Thus we arrive -
at -the concept-of lubricating capacity of an’ 011-"';t,1s bherefore

_ nocossary thoroughly to discuss 1ts measurement. ' T

The Expcrimental Station has a very 31mp10 1nstrument to -
‘moasure tho friction cocfficicnt, illustrdatod in Fig. 2. it consists .
of - a~pelished steel-rollor, Wthh is slowly rotated over a worm goar.
by an eleetric motor, A fine chain is wound under and around the
roller; at one ond it is fastenod to a levor and at the other it
is Toadod with'a weightChain and roller ‘aro immersed in the o0il which
is in turn olectrically hoatod. - Tho roller should carry.along with -
it ‘tho chain, with a forco proportional to tho friction coefficiont
of the o0il film 6xisting botweon rollor and chain. Tho friction .
strcssos can be’ moasurod on. tho scalo and tho frlction coofflclont
cqloulatod from thom. : ‘ _ ;

___lt_seemuather surbrlsnnp- that a° chain shou’ld’*’aha—nsed P I
tost olomont. - Tho roason is. that the chain touchos the roller .at. <
many vory small points, This loads. primarlly t0 high spécific surfaco
pressures and provonts-tho-appoarance of a. wodging.cffoet, which might
‘occur if a stool band or a boaring wore used. -These two: conditions
and tho low rotational spocd of the roller ensure that measuremonts
arc-dofinitoly within the . boundqry lubricatlon rcglon and thus exclude
-the offect of v130031ty.- : , , \ : _

With thls 1nstrumont 1t 1s possible to demonstrato ‘tho well-
known fact that animal and vogotable o0ils have considorably lower
friction-coofficients than-mineral--0ils; also that additions of  —-
olcie acid likewise improve the lubricating capaclty. Fige. 3 shows
tho offect of Sulphur additions’ to a synthotic lubricant as a function
of tho tomperaturc. It .appoars that particularly in the case of
'small quantities, sulphur is only offective at high temporatures. - Tho -
vhighor chomical react1v1ty thus lowers the friction cocfficient. It -
is ‘woll-known that this is one of tho. propdrtios of sulphur: cvery
machinist knows that it is possiblo to avoid seizurc of bearings which
Earc llkoly to get ovorheeted by adding flowors of sulphur to tho oil,

v Flg 4 ‘shows anothér practical oxamplo. ‘This deals with tosts
on MeGe oilsu- other tosts woro also madoe on the il,G. itself, It was
found that tho hydrocarbon 0il K pormlts only a low firing spoecd, and -
that tho weapon jams afteor a fow rounds. With a 5% addition of a
sulphur compound to tho.samo..0il, a high firing speced was possiblo;
misfiring occurrced howover whon tho woapon bocamo hot aftor 2,000
rounds, This 011 gave complotoly satisfactory rcsults only after
addlng to 1t 10p of a sulphur compound. Similarly good results were
also obtained with a mixturoe of woil X and E with 5% sulphur compound.
As shown in this illustration, tho same rosults wore found also in .
tho frlctlon testing machlno. Whoroas tho friction coefficiont of
“pure oil is rather ‘high and rises furthor as the temperature mounts,.
considerably lgwor figures woro obtainod at roon ‘tomporature in “the’
0ils mixcd with sulphur compounds.. At about €0 OC they still rise a
11tt10 until the sulphur cffoct ‘boeomes particularly: notlceablo :
with tho friction cocfficicnts falling off at high temperature. " Pho
diffcrence botwoon ‘sulphuriscd and purc oils increases at temporatures
‘above 609C, " This explalns why pure hydrocarbon oil causod the weapon
to jam, Whilst with 5% addition it was moderately satisfactory and
Wlth lOm addltion 1t was fully satlsfuctory. :



The example of the ‘#,G. o0llL 18 a practicu. case" whlch
demonstrates the. friction reducing effect of o0il. In many cases
-however the importance of lessening. the wear must be considered, :

e.gst in piston rings and, oyllnders or in gears, or in slldes etc.
‘There. may be a tendency to assume. that ‘an-o0il having a low friction
coeff;clent_glnes_also_little wear; ~in other words that friction
reduction and wear reduction imply one and the same' characteristlc.
This assumptlon applles to some- o;ls but often it is: the reverse,
a8 shoWn'by the. typical 1nstance of- M ;Go- 0118, The graph shows the
~-friction coefficients" and tho wear of an iron pin immersed in oils"
It is™ apparent that the oil having a maximum friction coefficient
glves a minimun wear and vice versa. This: exemple should prove- that
the “indication of the friction coefficient is not sufficient .to
- characterise .the 1ubr1cat1ng capaolty of an- 011. Wear tests must '
'also be. carried out.;a ‘ : : S

: For thls purpose the Technlcal Experlmental Statlon bullt an
instrument (Fig. 5). It consists of two cylinders mounted on a shaft,
with an electric motor. which subJects them to a. somi=rotary-motion,
through a reduction gear and o push rod. The cylinders are wound.
.with polished and hardened steel bands, constituting the friction
surfaces, The wear pieces in the shape of brass-or iron cyllndrlcal
pins are held against the under side .of the steel bands by means of
a loaded lever having a reduction ratio of 2 ¢ 1. Friction surface -

' . c norsed in the test oil, which is kept at: o
_constant témporature—on an eloctrically-hewtod oil bathe  The-
shortening of the pin-as a rcsult of wear is moasured at tine 1ntervals
on thexlever by moans of a mlcromotrlo gauge.

bl

Sevoral 01ls werce testod Inc thls 1nstrumenL. Fige 6 ,shows the
wear of a brass pin aftor 41 hours at various tomporatures dnd with
differcnt acro engine OllS.‘ It is evident tha’s woar .is very groat ‘
at low temporaturcs, reachos a minimum betweon 90° and. 120°9C, and then’
increases again, Tho lubricating charactoristics in the englne of
threo of those” oils aro known .from oporational oxpericnco. - It was
,found that Aerosholl has fairly good wear characteristics, Rotring D
Tis modorately good and oil A is poor, Rathor surhrlsingly, this .
sequence is not: found at high. tomperatures, but is found at about
500C, with oil A presenting an excoptlonaliy ‘high dogree of wear,
Attempts wore made to improve this oil by additives and by various
treatments, to which it proved exccptlonally sensitive (Fige 7) -.
thus at low-temperatures addition of 0,01% suiphur produccs a

' con31dorab1e wear reductlon. With larger additions tho wear attains:
very high lovels, appareutly. due to the corr031ve action of sulphur.

A socond test was .carricd out with ‘oxidized 011 (Flg. 8)s
agaln an improvement in the low temperature rogion 1ls associated with
worse results at high temperaturos. The mixtures of the two ‘compounds
bohave correspondingly. Oxidized 0il and sulphur addition’ showed
_minimum wear, In this connection it should be mentioned that an oil -
aged in the engine improves rather than doteriorates... The use in -
the. engine produccs eosters, which.generally reduce ‘the wear, This .
“improvement of tho oil’ prOgrosses ‘comparatively fast. After only a
- fow hours-a noticeablo improvement of tho wear behav1our can be
ascertalncd.

Olelc qcld was addod in othcr tests Flg ) Oll A was usod
which was produccd by a now proccss and-gave. thereforo an altered
wear curve. The oloic acid has a considerable offcct covering the -
wholo ™ tomperaturo rango. “The test results afford no conclusions on
the practical bohqv1our of tho 0oil, as it is impossible. acecuratoly to
rcproduco practical conditions in a tost apparatus, Thoso tests
_hove shovmn that small variations:of test conditions, ,g. tempe aturo
often produce anchenge in the quallty sequence of! 01ls. It ‘may. ‘be
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-expected thab a; 81m11ar change occurs when p3831ng from testﬁhf}'
instruments to’ prectical conditions, :It would therefore: be; risky. | £0
draw. from these tests. conclu51ons on the wear of pistons ‘cylinders

and plston rlngs. : _ .

. THe measurement of frlctlon coefflclents and wear tests are‘
* ‘hot-sufficient for the investigation of gear.oils,. _Exceptionally -
. hlghTPrﬂﬂ‘UTGB_dCVGlOP on tho-tooth flanks, “which in certain- Ca808—-
‘may-lead to seizure: of the motal. surfacos.v ‘This -is. avoided by . -
‘addition of ‘eertain. ChOMlGﬂlly aetive substaneos, Such as: Ohlorine, i
sulphur phosphorus~or’lead compounds, Theso additives must have'no
‘ corrosive action at normal opsrating - temperatures; only whon dangor.
of_scizure-occurs; thoir-action must manifest ibsolf as-a: result of
tho high tompcraturo préduccd, by- dovoloping salts which prevent
motal contact and thus . provont solzure. ‘

' In ordor to test. thoso proporties of oils a Four Ball machine i
wes devoloped. similap to the one originally designed by Boerlagos-
Pige 10 shows 1ts conspructional detailss Tho four balls have a
diamotor of A" and-bhey-are-urranged In such o way thet thelr contres
form & tobtrahodron; The threo botbom balls are fitted in'a bowl
conbaining the oil, Tho top ball i§ fastened to-the-bottom gnd.of
tho. voptieal shaft, which is rotatod by an eloctrid motop through 8
belt drive, Tho ball holdor has an oloctric heoator for tests ab
various tompératures, A thermocouple protruding from below in the
oil botwoon tho balls is used to measuro this tempeprature, The
topguo transmittod to tho threo bottom balls is measured by an
indicabor eonnoctod with the ball holder; it records the fores -
ftransmittod at oach moment and it suddonly reacts violently at tho
momont of soizuro (viow of four-ball machino, Figs, 11 and 12), The
tests can bo carriod. out with various methods,  The following graphs
illustrate tosts in which a givon woight was appl;ed and then the
timo was notod botween the start of the motor and the_seizure of the
balls, Thus the seizure delay is obtained as a Iunction of tho load.
Sovaral additives were testod in this way. Fige 13 .shows the effoct,
of thioisobutsnol, carbon tetraghloride and -oleic -acid rds: ‘ndditives
50 a hydrocarbon. 011 TP 57, Tho two first- compounds ‘have “a R
sonsiderable offoct ‘the scizureidelsy ‘rising to 4 -'5" times “that of-
;ho.. untroatod oil, Wheroqs oloic acid has -1ittle offoct, Very good .
sesults wore also obtained with, a 12% sgddition of’. isobutenylmercea ptane
md trlchlorethylono phosphate, 110% is rather a hlgh proportlon and
aturally Lower. ones: aro dOulPﬂblG. ‘ ') , ,

S I ‘have - glvan you a short survey on tho tosts of the. 1ubr1catipg
ppqponty of ap pil, Summing up it can be said that this is mostly
fsufflclent and-that the probloms 1nvolvod are not so uréent. When
1lubrlcat10n difficulties arise, thoy are mainly in'a rogion which has |
-nothlng ‘to do with lubrication proper; thoy must however be accepted
+&& undesirable accompanimentsofthouse of oil, I refer to starting.
diffieulties, deposit formation, ring stlcklng, oil foamlng, 011
thlokonlng, highor 011 consumptlon otes :

. -~ Let- us ‘deal with startlng charactorlstlcs. Tt is generally
~ known that in the cold season thin winter oils are used- instoead of
thick summer oils, The use of thin oil is limited by the minimum
viscosity required for the 1ubr;cﬂtlon of the warm enginey. Thore
_are two-reasons for -this minimum viscosity's flrst to avoid oxcessivo
0il consumption; sccond to onsuro operation in the region: of fluid:
frlctlon, oven at high opcrating tomporatures, in tho lgprlcatlon of
pistons; cylinder and bearings., Theso rcquirements can’be mot to &
. - certain extent by spocifying that:-a: good 0il must have good temperaturc
© viscosity charactoristics: . This is exprossed cither by the visc031ty
‘index (VI), by the polo height (Hp) or Walter's factor "m". Fig,15:
shows. the meaning of :good viscosity tomporhture oharaoterlstics in
'~practiee. ‘It shows the v1scosmty curves of threo 0118 havxng the same
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.Viscdsityfatﬁloo°c;¢,bWing;to;their,differenx;VI;value'howeverithey5_

preSeﬁtiverY;widely'different;ViscositieS'at“lqyer:temperaturpgvgnd'jk
.consequently ‘behave- very differently'withArespéct'tojease-Qf;gtarting
an engine. B T ST T T T

T THS TR is‘SOme%cdnﬁactiontbetweeﬁ_viscésitj temperatune R
‘fcharacteristips;and_gthan;physical,pnoperties,:gS'qhown in Pig. 16. .
. Severdl dnalysesfbf'natural;gi;ggshqwedfthgt“tﬁﬁre is ' a. close . - .

connection between VI and specific gravity, as well as boiling point,.
For the~samefviScO§ity,'oilsuhaving_a“hig‘—viscvsityjin&ex%have~amlow~ -

- spe¢ific gravity together‘w1thfa:high;boiIingfpoinﬂgj“Bééﬁﬁéé“é“gbbd ‘
viscosity index is very lmportant, offorts -wereo made

“to=find - substances -
- capeblo—of improving the temperature viscosity bohaviour, ‘ These. .~ °
‘substances are voltolisation Efbduth'offfattyipils,;and of wmineral
‘produsts with an avorage molecular weight of 15,000, 0.gs LeGe Oppanol
mizture B, 15, STl e e B TR
* . Beside viscosity,.the pour point  is important fop easy starting.
Primarily, paraffin wax causes o spiffening of tho oil) mass at low
temperature.s Complote elimination of waX has, howevey, the dise
adventage of reducing the VI of the oil and of reducing oxidation
.rosistence, It 1s thorefore inadvisablo completoly to romove. the woX;.
~on the obher hand it 1is necessary for a_lubricant to bo sufficiently -
fluid abt low t empoeratures in order thabt the flow in the oil pump may
‘not be affoctod. Npgpariow! and FVO are substances which can lower .
tho pouyr point of many olls, without affecting thpir.other‘properties;_
(Fige 7). T : o = - »
~ ' The purpose of lubricant tosting is to find out the effoct of
these “various substanges in their practical uses Pour point and low o
tompeorature viscosity .alone give no oxhaustive data on the ocold- .
starting properties of a lubricont. ‘It is nocessary for tho tests ...
o bo as closc as possible to practical sonditions, “An apparatus was:

developed which moets theso requircmerits to a largoe extent (Figs18),s
The interior of a cold chamber can bo kept at a constantly low. =
temporature by using dry ice and a heater with fan. Various : .
instrumenﬁs,ahdqmachine‘parts can bo mounted in this chamber and tosts
carried cut on them; e.g. as j1lustrated a boaring ring with pins .
robated 'by a motor. If an 0il film botwoon the two is cooled for a
‘long btime to a given temperature, the force required to break this
thiokehed oil film is obtained by suddenly starting the shaft. This
 Porce—is-rocordod continuously on an indicator drum, Fige. 19 shows
the interior  of the cold cupboard, Fig, 20 shows three curves
obtained on this instrumcnt; 1it-appears that the. force A regquired
"t0 break the solidified o0il is of an ontirely different order than
force B due to viscosity. If we rofer this fore A to tho size of
the oil covered surface, we obtain a value in Kg?sq,cm, called | -
-adhesive strength,“ﬁhigﬁ serves well to identify the low tomperature
characteriaticyA:This.graph_also shows a surprising behaviour of - :
olive oil, which roquires at the broaking moment a considerably '
greater force than the other two o0ils; beyond that it falls rapidly
to a low level. Apparently the stearin crystals of olive oil form a.
vory hard and resistant structure. These types of 0il are @xceptional
also in anothor respoct. Figs 21 shows tho-ﬁnportanco‘of the length
of time for which tho ¢il covered bearing ‘is subjocted to low , o
tempgrature. For instance in vegetable olls a graduél'increaso~ofwﬂg;
the adhesion as a function of the coolifig time can bo obsorved, from
which it may be inferrod that the erystal structure 1is formed only
gradually. On the other hand no alteration occurs in synthetic or
mineral oils after an hour's cooling time, which was the duration of
.all tosts fllustrated in tho following graphs. _Fig, 22 shows—-the—
“curve of adhesion-in torms' of temperature for five different oils.
The bohaviour of olive oil i1s remarkable; “at lowrteomperatures; when
crystallization-proceeds very fast, its adhosion. is very high. This
negative property of olive oil disappears if it is added in small .
* quantities to a hydrocarbon 0il; as it -is shown in tho curve ‘of oil
1 & 5%.0live, oil, :The,QOmpariédﬁ‘df this with that of oil 1 above
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fShowswthét‘thefp;ive{dilgaddition’1n¢rea333f%heuviScositygindex‘ermt? :

106 ‘to 113, Figs 2SPshQWS‘very'CIear1Y*the,importance;of,the;viscosity'

,indéx:for'coldrstarting.’fIfjwe compare two- oils, B and D, having -
nearly the sawme viscosity at 100°C, W6 find that oil D has a better
start characteristic, although its,solidifigation'pointu(-HVQC)'is-

much higher than that of oll B.. This is due to the fact that oil B~ -
has considerably*worseaviscosity temperature-characteristics; ag: - oo
expneﬁSedfhyﬂhhethO“viscosity indexﬂfigures,,Vz and 10l. A o
colrparison between 0il A and C .shows this'pheﬁomenon°stillfmore,qlearly.
391 A phas the lowest viscosity of all tho olls at 100°C and also has

the.lowest‘pourfpoint;u_in this respect it 1s therefore the opposite
of. 011 .C which.is the most viscous oil at 100°C ‘and has—the—highest—
“pour point. In spite of this, oil A'is~théiworst'by;far.as-regards
-§§§g§;gg”qhg;acteristicsmwhich.in~turn is-due«tofthe.low'viscpsity

e As ¢ result-of this test the inference -can be drawn that the
”pourlpoint~hasvlittle offoct on starting. 1b plays however a -
‘. prominent part whenever fluidity is important, as in the oil pump.
As soon. as tho oil loses 1its ﬁ}uidity, suddenly-the'quantity-andt, .
pressure fall off. For tests of this kind a pump and pressure gauge
 woero mounted in tho I.G. cold box and the pressuro*at-various_' - O
- teomperatures was measurod on differont olls. Fig. 24 shows the effect
~of a pour'poigt\doprossant. An addition of 0.5% PVO0 .keeps the oil
still fit for pumping‘at,-lsoﬂ, a temporature at.whichltheioil without
 additive could not be used. - e R : oo T o

“Apart from the low towmperature properties.which havo . been .
discussed, the first requircmont of a good engino.lubricantiis _ o
rosistance to high temperaturcs. - This inq;udOS‘firstlof all residue
 formation, At the provailing highitemporature,ﬁhe 0il decomposes and -
-~-forms carbon,fwhich.is\dopositad to a greator or less degreoe,
particularly on tho piston.: : R e

: The most'objoctionable form of residue formation is when tho
exidation products cause the plston rings,to,stick iv their grooves.
‘Scized piston rings. can becomo very dangerous for the engine operation.
Thoy load to overheating and possibly to piston seizuro, thus
‘damaging the whole enginc. In flying oporation this devolopmont 1is .
highly probable and particularly-dangerous. In general it can-bo - -
-8aid that oils with exceptional 1ubricatingrcapacity, e.gs fatty oils,
aro. less resistant to high temperaturos and more inclined to ring
sticking than oils with Lower lubricating capacity. A cortain
compromise must theroeforc be reached between those two propertics.
Successful attompts have boon made to roduce the tondency to ring
‘sticking, - Oxidation timprovers" arc now available, 0.g&. butylphenol-
-sulphide, smallvadditionS'of_wh;ch produce awconsiderable_imprqvemont
of tho olle Tho demands medo on oxidation inhibitors for motor and -
aero ‘engine olls aro many and considorablo, They must retard 0il
- againg and romove tho catalytic offect of some motals prosent in the
ongine} . they must hot be corrosive themsolves nor affoct-negatively -
‘tho action of other oll additives,‘such"asv.l.-improvers,‘podr,point"
dopressants and lubricating capaciby improvers. N -
: on Air Hiwistry instructions, tho Technical Experimental.
Station has carried out for yoars oil tests on ring sticking. An
_air coolod BMW 9-cylinder onginc was uged,_which had_beoen converted
to single cylindor for thosc tosts. In order to shorton the duration
of the test, the engine is run under more sSevere conditions, il.ee .
highor cylinder tomparﬁture;*innreasod—ignition advance and ‘leaner’
mixturo. With Rotring, 2 commercial aero ocngine oil uscd as a
- peference oil, it was-possibleﬂto,produce ring sticking after about
8 hours. This was- indicated by 2 deor_drop'and~increasqd-gas ‘
~pressure in the crankcase. Tho cffect of oxidation "improvers"

-7 -



could also be: ascertalned by this ‘method,” These vary im effect in
‘different oils;" they are particularly good .in synthetlc oils, where.
1mprovements of over IOOﬁ could be achieved in- the runnlng time. o

: Fig. 25 shows that the amount of addltlve used plays a great

Part, ‘An increase up to 0,08 and 0.04% rospectively in synthetic oils

"M" and "N" increases. the running time.  Apparently. thore: is an optlmum,,
boyond which tho effect decroases again, as it appears in oil "oU. f
‘with inhibitor "p", An incrcaso of tho addition from 0,08 to 0,20% }
reducos tho running tlme. Similar rosults -appearod in the 1nvestigation
of ~oil "P" with 0,02 ‘= 0304 ond 0,06% of inhibitor "S;".. This
oxpogition givos an idoa of tho oxtonsive rescarch work roquirod to
dovelop.the best 1nhibitor in tho bost proportion for a given 011.

: Wo should mentlon hore that no conclusion can. be drawn from
1aboratory agoing tosts, as to the ring sticking characteristic of
an oil in the ongine. Flg. 25 shows that small variations of tho
inhibitor contont . produco considerable lengthoningwor-shortoning of
tho running time, whilst the tests do not .vary at all, Ultimatoly
rocourse must bo madc to-the ongino test, which is the more annoying .
bocause hot only-doos it roqulre very: largo quantlties of 011 but
1t is also vory costly. )

- A problem which ‘has causod some troublo although its i
signlficance has only rocontly boon approciatod i3 foam formatior.
Foam appoars in tho prosence of particles of carbon and motal, and
.e8pocially of water. Whilst foam formation is common in motor and
- flying operations, none appcars in test stand tosts, The widely
changing tomporaturos in the crankcasc and oil sump causg-a—condonsation

of wator; 'as a rostult of its being violently agitated with oil an
omu1s1on is formed which soparates as" foam,—TPests havo shown that
‘wator is actually rosponsible for tho foam fopmation;  the injoction
- of water in the carbursttor produced. eénsiderablo quantitios of foam
which could not bo obtainced without tlhioso artificial mothods,
Exporionce shows that foam formation varios in difforent oils. It
.appears that specigl addltlvos CeBo voltolisod fﬂtty 0ils, reduce
' foam formation, _ _ AR Ly

: Anothor undesirabloe rosult of the . ag01ng of lubr;cants is their -
thigkening during oporation, Fig. 26 shows the curve of viscosity at’,
1009C as a function of the running timeo in the BMW single-cylinder
‘test engine. Five difforent oils wore tosted, namoly synthotic—oals- -
92 and 97 (both made from othyleno), Rotring D, which is a commorcial
minoral oil, LK 2200 which is a_watér solublo 01l and which for the
prosont is. only congidored as an experimental oil, end finally P 174
whigh is a paraffin basis synthotic oil. - The- marked- viscosity
 increase in thc two othylonc oils 92 and 97 is quite cloar, whilst
Rotring D and P 174 showed bettor characteristics in this rospect.
Thickening of LK 2200 was hardly noticocable,  The worst aspcet of
oil thickeoning is- primarily a dotorioration in starting characteristics.
' Unfortunately, thoso oils which thicken considorably also show a »
“doterioration -in tomperaturc-viscosity charactoristics; thus, whilst
in Rotring D, LK 2200 and P.174 tho viscosity indox oven rlses in
-othylenec omls 92 and 97 it falls off. from 105 to 98 and from 126 to
© 118,  This process: impiios a furthor worsening of the starting

characteristics.” It is unforbunate that’ no means. havo becon found
as yot for ovorcoming thls dlsadvantago. _ »

" 0il consumption must also bo 1nvostigatoa As a- gonoral rule
“the -thinner the oil at high temperaturoe, the_ highor tho consumption,
‘For oils of equal viscosity the. Nomﬂ:vaporlsatlon test is to some -
oxtont a guide to tho consumption flguro to bo oxpected in practice;.
but in this- case also the ongino test is the safest,.and a long test
run id necessaery to obtain rcliable: tost flguros qn.d avoild oxcessive '
varlatlons of the rosults. B AR - .o
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Finally we should mentl

on" the behav1our of 0ils in the’ presence'

of the various material§ with which they come into ‘contact during use. -

It is ‘agreed that a ‘lubrica
To this we should add its:

Prubber, Bund otce . These materials must not .be destroyed by contact
with oil and- ‘musti'show no swelling. These- propertles must be

expected. in. partlcular from oils to. be
flulds in vehioles or airoraft. el

“in the choiee and test: of oilse I hope I--succeeded in prosenting the

Gentlamen, I havo glven you a- survey of the probloms arlslmg

most important questions an d thus in stimulating you to furthor ;

“vinVQstigation.

-Fig. l - Lubr1cat10n conditions in bearings for 3 oils of equal
: wv180031ty. o e . [ :
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