Research

ety The- propert:.es of eng:.nc lubrlcatlna 115 of equal v:.scosz.ty wh:l.ch oppose
frlctlon and, wear. havo not boen 1nVestlga ucd as fully as the ox:.genc:.os of practlcal
worl:n.ng requu-e. oy . ; ST e

Sl Tests vere there:.ore madc on’ s:.ngle oyl:.nder test 'bed enga.nes under te.,t
cond:n.t:.ons corresponding to- “the unfavourablc working -condition i of an’ alr-cooled

engine at take-off or: cl:.m'b. Lu'br:.cat:.n:, oils of the most: varied or;g:m or

. composition . -hag-enly. slight differences in fnct:.on behav::.our, whereas the
weax\-lnh:.b:.tmg propert:.os va.ry cons:.derably. RER R L L T
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Reasons for the D.V.L. tests.

Every maohmo, and thus e\m internal com'bust:.on eng:me s has parts whlch-‘
slide agamst each othor,: - ‘The fr:.otlon and material losses which ocour = in spitc
of ‘the presonce ‘of lubricants = at thesc points are so important for the’ cfficicncy
and life of engines and their componénts; that it is noocessary to know their oxact
magn:.tude. This-calls for.a clear and conplete knowledge of the friction and" Jit
wear oceurring in-engines or their .components, which has seldem been possible up to
the present, as generally speaking factors came into the picture. whn.ch completely
-distorted. ‘bhe results, '~ An American (1), with the ‘exaggeration which' is so common
on the other o:Lde of the Atlantn.c summed up the pos:Lt:Lon as. i‘ollows'- ol
"There is .so little rellable 1mormatlon about engine wear that 1t belongs in _
the same category. as religion and polities,"  Alse, "the problem of the lubricated
. surface dominates construction problems in’the further developments of the -
modern aero-eng:.ne, and is the ‘main f'actor :urr_poszng a, 1:un1t on engme des:.gn( 2) "

_AJ.so s:mce the Yew publ:.shed reports about the preservat:.on of 1u'brn.cat1ng oils

in' the enome in practice are laclcmg in clarity, 'and it is by no means certain

. that the results obtained with lubrlcatlng oil test apparatus apply: to other

conditions, it was.thought that" engine- tests made on a test bed might produce

“valuable information, - These-facts werc the reason for carrying out cngine tes/ts

‘on-a test bed at D.V, L., so as to cstablish values for friction ‘and wear 'by using -
var:.ous o:.ls, a.nd/so ratmg the 1ubra.catn.ng propertles of the :ane.,tlgated o:.ls.

; _II Eng:me fr:.ction and wear tcsts made in other quarters. . A

S Before d:.suusm.ng tho D.V.L. tests, mentlon should 'be made oi“ the ’
fnct:wn and wear tests made in other: quarters,  These tests were intended to
prov:.de facts e::.ther about the eff'eots of various mf‘luences, or about the
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--lubmcatlng po;ni:s, and lubrlcantso

' Thus, W:Lll:.ams (3) 1nvest1gated the 1nf1uence of‘ eng:r.ne temperature on
‘cylnnder wear, ~and Beck and Bopp (4) the'effects of “temperature and speed of .-
"-startlng on plston ring wear. At very low cyl:mder wall’ temperatures a correspond:.ng
. rise in wear was observed, .. he lubr:r.catlng propert:.es of materials and-the” ...
- influence of the surface propertles were - 1nvest1gated by Englisch’ (5) 5 Who fqund
'_‘,’chat the hardness of the cylinder liners is not -in dircct relatlonsh:r.p to: ﬁheu‘
o wWear, behav:.our. ‘Tests by Bridgeman .and Le:.dlg (6). confirmed this, and .also ‘
-showed ‘that the favourablc: effect of the: surface quality is lrum.ted and 1ndeed that

j_a further mproVement in- qual:.ty may lead to rouahem.ng in eervme. _ * .

o

v The mfluence of‘ tho v:r.scosny' of‘ lubr:.c tl o:.l on eng:.ne ower wa.. !
tested at the I,G. Farben cngine test station Oppan (7) and by Paul (8), ;. and in.
both cases. oils of ‘different: v:.scos:.tles gava considerable 'differences in power.
As. reg'ards the effect of -different viscosities on. the p:.ston-m,ng and cyl:.ndc.r
wear, Williams: (9) found that thcre was. a Very sllght reductlon in wear w:.th
~rlslng 011 VlSCO 1ty..., e ‘ L o

" Book (10) attempted to trace ‘che mluence of the agelng of lu'brn.catlng
"'011 on the process of running wear, and ‘concluded "that the ageing oF the oil i
~which occurs dur:mc “the mnn:mg of the enbn.ne causes an 1ncreasn.ng rate of wearo"

BRI }meurance tests were mado byjopp (11) at the smresearch statlon w:.th
—lubrlcatlng oils of ‘the same v:.scos1ty at 50°C to discover the :mfluence of the:.r
“.aifferént origin on ‘wear, but no large or clear differences were observed. :The
“addition—of . castor-oil and: collo:.dal graphn.te caused a certa:r.n reduct:.on 1n the
wear on the flrst plston r:!.ng. S . B R
: Measurements by Boerlage and - GraVesteyn (12) showed praot:.cally no S
fereﬁee—‘:.n wear, when drfferent brands of o:.l -srere used under normal P
condltlons. ’ ; :

: A worL by Vogelpohl (13) contalns =Y reforence 1n a foot-note s quotlng
v Ruegenberg, to. an invéstigation by Fenm.ng, in which i%. was found: that: there was L
‘no difference in the piston rlng wear as: 'be'bween working m.th a fatty 011 'md a. s
corresponalng m:.neral 0il, - T , S SR
U In conclus:Lon, 'the results publ:.shed 50 . :f‘ar _of fr:.ct:.on 'a,nd wear tests
-haVe no*u ent:Lrely disposed -of the - -problem: of ‘the lubricating propert:n.es of o
1ubrlcants. Thus there is all the more. rcason -Tor, f\lrther work 1n thlsd:.rect:_on. s

III. Englne fr:.ctlon and wear tests by D.V Tis

. In m.ew of the great -copc of the :anest:.gatlons it is only poss1'ble here ';
- to refer to the more J.mport nt features of‘ the method and the measurements in the
.D V L. test. : S LT S : ,

Ac _Test Method

_ ‘ A cr:.tlcal appreclatlon of the test results obta.med in other quartors ; ‘
-led to the conclusion that tests'in this d:.rectlon, if they are to be successful,e -----
'vreou:r.re morc constant work:.ng cond:.tlons, and g more. r:.g:.d exclusion of external - '
influences,  Sincc the one varisble in the D,V.L. tests is the lubricating
cepacity of the various lubricating. 0ils, it was’ fecessary to be certain that
~apart from the working conditions the lubricating propert:x.es of the materl 1s und
the 1ubr1cat1ng bolnts .should be kcpt comtant, L : L
' ‘ This requ:.rement could: only be conpl:.ed w:.th to any extent in -
‘,lg.boratory tests on a s:.ngleeeﬂ;cmﬂeféenglne Jtherefore, in—the D,V,.IL. the tcsts were
carried out on threc s:.ngle-cyl:.ndcr englnes, one of 'bhem be:mg a large smgle &
—cyllnder acro engine, - : e . T e R

In 1ay1ng down the Values to bo measured, the ma:.n cons:.deratlon to i
be taken :m‘bo account was that the cr:.t:.cal po:.nt as rogards 1ubr1cat10n 1s the
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surface. oi‘ the cylmder‘where 1t 3.s in’contact with- the p:.ston rings, A "tudy of‘;;
the test conditions led to the conclus:.on ‘that’ the- clmracter:.stic of the pa tial®
1u'brlcatlon at this ‘point’ is :.ndlcated by the proport1on of h:.gh tempero.ture"
-boundqry lubricetion taking place. ‘Therefore the decisive test condition chosen
was_the maximum thermal load on the cylinder which'is caused in aniair-coole
aero-eng:.ne during’ take=off and ‘clinb by the fact that in these two cases the ™ =
ingine must work at"f‘ull power under 1nadequa.te coolmg due to the reductlon in the

‘ool:.ng r..:.r f‘low. B AL : : e (-'

, All the 'othe: t cond:.t:.ons were contrlved s0 as: to produoe t
str:.naent condlt:.ons or thc lubr:.catlon of the engn.ne wh.en under -POWers’ ol
S The values measured were the Irlctlon-power and the wear of the cyl:.nder,'

«p:.ston, md p:.ston rlngs, ~and those properties of the lubr:.cants 1nvest1go.ted,
;\‘lth.Ch 1nh:.'b:.t fr:.ctlon e.nd Waar, were as.)essed. SR g SR

ERRE In order thut these propert:.es should appeqr clearly ancl mthout

L dlstortlon, cxternal 1nfluences such as pollution of the '0il by foreign: ‘bodies.
-from outside sources, ‘corrosion dur:.ng work:.né, and; espec ally during statlonafy» =
periods,  the ‘influcnce of' cxcess fucl 1n the combust:.on c?’vxﬂmber, nnd so- on, were’ “
el:uninated. R ':- SR o f ‘ : ‘ :

: On the other hand 1t must be emphas:.sed thd: these rcsults arc not
charactcrlstlc of “the momentﬂry condltlon of an ‘engine,: 'but that they include: “the -
influence of ‘changes in the oil due to the rr-\dual formatlon of produots of
oxydat:.on, and- also the 1nfluonce of’ engmc wear. o .
' | Spec:.al attention must be devoted to the quest:.ons of eng:.ne olean:f_ng
and the f’z.tt:mo' of replacement pxts, as well as the:.r runn:.ng :m. . L
- o The best meesunng apparatus &V&lle:ble and the oSt accurate mea.:umng
: methods ‘were. used in order to make the results obt med as dependable as pos.alble.

S A., '\lrendy mentloned the mi’luence of V'v.m.nt:.ons in v1scos1ty was to e~
B el:uxum.ted by investigating. lubz icating oils with" ‘roughly the same viscosi

8 oils selected and tested. nearly all 'be_long to the Vlscos:.ty z"mge 17-1 9

0-¢c, corrcspondlnc ‘to Rotring D, the aero enginc lubricant wh:.ch isin commonest
use tod,,y In such tcsts obviously it 'is not the viscosity at 50°C which is
.dacisive, but the viscosity at the temperqtures preVa:.ln.ng atithe- lubr:.ee.t:mg po:.nts. -
4‘Under the scvere test conditions: prevul:.ng, ‘these were in the region of 1 50 to SIS
©300%,  The Vqlues, when entered 'in the v:.scosn.ty—tempor‘_turc table of B S
. Ubbelohde (Fig.1) show that a2t 1 50°C, the viscositics of all the oils :.nvest:u.gated,
~apnrt from two synthetic lubricating oils, werc about. 1e¢k to 1 o5°B, ‘The. -~ .
differcnces are, however, no- greete\r -than’ the tolerances of‘ 210% wh:.ch are:
}permlss:.ble at a temperature of: 100 Ce s L PR A

¥ :»'.‘B Test rcsults md thelr evaluatlon

v The results of these very extens:.ve tests can 'best be shown
dlaozmtlcally. These- show, firstly, the results of the wear tests on the two -
smaller engines, Thus Fig,2 shows, -that the amount of wear did -not increase.to any
great e,xtent in. the S:.emens o:.l-test engme as the spark—plug-r:.ng temperature R
wa.s r'u.sed. : A , , = ‘ o

_ Nor were . the results of tests. m.th d:z.fferent mnnlng times very satls— e
factory‘, and this is" :lso true of the tc.st runs wlth v'zrlous o:.ls under con.,tant
'condlt:l.ons, see F:Lg. 3. : : : . [

i+ el

: There were s:un:.l Ty negat:we results in the tests on the N.Se U. 31hgle
cyl:.nder engine,  ‘The reproducibility was ‘poor, ‘and the d:z.f‘ferences when varlous
lubrlcatn.ng 01ls were used were. very sla.ght Fig.lu : s

e The redson for the not very satlsqutory results of the tests on' the R
“two- smaller test engincs is to be found in the small amount of wear, since under
these conditions.the mowing rings: are Pairly -well cleaned with the removal-of very
lu.ttle wc:.ght of metemal:-but with- pronounced effect on the test results. Also, e

. /,./' )
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the umll_p:.ston r:mgs c.re only m:mufc.ctured w:.th a moaerate degree of aceuracy.
*. On-aeccount of ‘this all zurther testsiat D.V.L. were ‘carried out on the- large: s:.ngle .
, vgcyl:.nder B;LVI.‘ISZ aero~engine, . On account - of ‘the greater dimensions of all the P2 rts,
it was easier to. regulute the worlcmg condlt:.ons and-to ‘keep. them constant. v
'«‘:.I-Ioreover - the parts. are -véry. :).ccurately m de, md tb.e i‘r:r.ct:Lon ond wear: s.I'e much s
',hlg,her than 1n the sm;,.ller enQ:.nes. S, S 2

F:Lrstly, the results of wear measurements on the BNM.132 sa.nole cyl:.nd_c-_zr :
,. hown. Fig. 5 shovis the wear as o functn.on of mnn:.nu temperature s und F:Lg,. 6
- shows the wear of 1nd1v1dua1 parts o.s a functlon of runm.ng t:Lme. IR o

: — ; Flg- 7 shows s:unn.l'\r curvas for the tot=_l w"ar of all the Plston r:LngS. .""':f-ﬂ

o St:.ll more reveallng is the. depcndence of hourly p:v.ston r:.ng and cyl:mder weo.r
- -on the zunnmg t:.me, F:Lgs. 8 'md 9. S e S T L S

. To obtaln a standg.rd of compamson for the numer:.cal ev'xluat:v.on, the
propertles of the :common mmon  aero engine oil ‘Rotring P were g:.ven—thc arbitrary wear-
_p__qh::.blta.ng;tv‘;flue 505 a_the thcoret1cal,~J.deal~lubr1c-mt,_sueh as-would- entirely . .
prohibit wear in the. engine, was given the value 100,  The /wear-proh:.bltlng Values of
all the lubrlcatlng o:.ls tosted wers cnlculated'_ md compared. e v ‘ .

. I‘:Lg.10 shows uhC r«,sults of"three uns: mth Rotr:r.ng D, and F:Lgs. 11 to 13
show the - gmtl-wear ratlng of sever 1 other lubrlc'a.tlng o:.ls. “ S _

Flg. Al shows that ..‘Vlth some o:.ls the result gree Well as reg:.rds the -
wcar of 1na:.v1dual parts. B , RETS : , SOOI L

Pigse 1 5 'md 16 wh:Lch represent the wear on’ dlfferent engine oarts, t,lve o
good\lmh.catlon of‘the* A:cff'eronces between the 1nd1v1dual lubr:.catlng o:r.ls tested -

An ev::luatlon on’ the bas:.s of the totnl wear on all the mston rings -
gave by: far. the best reproduc:.b:.llty, ‘so.. that this result was e\rentually regarded
as ‘the crucial one for final ‘assessment of. the lubrlcat:.ng 0ils, - Fige 17 - Th:l.s
dlagram shows_that. when' collo:.dal grophlte is odded 1o Rotr:.m_;, Dithere is an. -
‘increase in the enti~wear velue from 50 to.88¢ “The best value was that’ obtc.med
with Kompressol weiss, which- canfoe considertd as practn.cally pure castor-oily
~Aero- Shell Mittel also- gave a very good value of 91; it has a.fatty oil eontent of
‘about 1%, The nero-engine on.l/StanaVO 100 and ‘the mixed oil NP, had only sllghtly
‘less wear than Rotring D, as is shown by their values of 51 and 55s On the other.
hand, the synthetic Jubricating oils A .and B are very favourable, ‘w:v.th values of 66 .
and 90. The worst wear-proh:.b:.ta.ng value was that of 23, which was found with’ the :
captured oil Gulfprides ' The common refined: machine oil DA 200 had-a value of 91
which shows that crude oils when mildly #reated have good. lubr:.eat:.ng propertles--
on the other hand, the light Diesel lubricatifg 611 SDR 200 showed by—its-moderate ..
value of L1-the-results of a.high degree of refining, . The wear-resisting values of =
used Rotring D showed that ageing by a high. +hezmal load can :unprove the wear- o
‘ re.,lstlng, propert:.es of a lu'br:.catlna 011. L : L .

A F:.g,s. 18 to 21 glv'e a Very good 1c1ea of the wear occurr:.ng at the p:Lston
rlngs, these show the running surf'aces*o‘f‘the p:.ston r:mgs 'bef‘ore end after test
runs w:Lth various 1ubrlcat1ng 0115. SR S L R

Results of some tests are mcludea “which show f‘r:.ctmn horsepower w1th Var-
ious lubricating oils,’ Flgs.,22 -and 23 give the corrected values of brake horse:
powers (at 20°C and 760 m Hg) o'btaa.ned f‘rom the measured va1u0s, and the f‘r:.ctlon »
horse powers. . v : R S PR =

The results show that the d:.i‘ferenccs in the frlctlon res:y.stlng e N
propcrt:.es of - the. ordinary acro-engine-and other~ 1ubncat1ng o0ils. of - about the same»;
viscosity, were, with one ‘exception, not accompanied by differences in englne L
powver greater than the ord:r.nary worlc:.ng vc.rlatlons of' a f‘ev, per ccnt. o

S On ‘the 6ther hand the dlfl erences in the wear res:Lst:Lng rat:mgs o'btamed
erom the cyl:.nder ot and p:.ston-rlnb vear measurements are: very great candtheir =0

. , - :



/:.'reproaucz.bllg_ty is. adequate for tes.,:.ng 811&"" ssesslng. th .'.wear res:Lstlng Lt
‘PI’OPGrtJ.es of aero-eng:me lubrlcatlng o:.ls, F:.g. P "

7’“ By compar:.ng the wear-resn.stlng values mth the results of . tests to :
deternune the tendency of lubricating oils to. rlng-st:.ck:.ng, Fige25, dtods o
possible i to prove. that in most lubr:.cat:.ng oils’ good: wear-res:.st:.ng prcpert:.es ‘
and good, high- temperature stability ‘are mutually opposed. Only on synthet:l.c
,lu'brlcatlng o:.l is an z.mportant eAcept:Lon to. th::.s ‘rule, il

L _' The' Friction and: wear measurements whlch were: carrled ‘out at D.V.L. on L
'several s:.ngle-cylmder test eng:.nes, ‘using various 1u'br1cat1ng o:.ls of v 7 L
‘approx:.mate]y equal v:.scos:.ty, ‘were br:.efly descrlbed and by means of: tests on
~a large 'single cylinder asro-engine, it was shown: that it is possible to: rate the
'wear-res:.stlng propertics of lubricating oils on: the basis of such’ an eng:.ne test,
‘as well ‘as to determ:.ne the dlffe.c'ences ‘in fr:.cta.on propertles. L L ,

: T:Ltles of‘ Dlagrams ff"

e F:Lg.‘l V::.scoslty - Tempcrature chart of 6ils tested. '
~ -Fige2 Viear Tests on Siemens 0il Test Encz.ne, PR :
- Pige3 Wear values from test runs with various. o:.ls on S:Lemens
©0 01l Test Englne. e , , S

’I‘:Lg.l;- Results of Wear Tests on NSU Eng:.ne. :

" Pige5  Vear in Relation to Running Temperature.

‘Fig.6 Wear in Relation to Running Time, - i

“Tige7 Wear in Relation to Running ' Time, ' RSP
Fig,8. Hourly Ring Wear in Relation to. Runnlng T:une. ,_

‘Fige9 . Hourly Cylinder Wear in Relation to Runnzng Times . S

Fig.10 Efoazhproha.'blt:.ng values. obtamcd from test runs mth Rotmng D. -
B 1g.1 1 Wear-proha.'b:.tlng valucs from test runs with Rotm.ng D average 1‘-7'
: -value) and Rotring D + graphite, .
‘Flg.12 Weaz\-proh:.b:.tlng Values from test Ms w:.th var:.ous lu'br:.cat:.ng :

‘ oils,
F:Lg.‘l 3 Wear—prohlblt:.ng \raluee f‘rom test runs m.th var:.ous lu'brlcat:.ng i
S ollsen i
Figeld Wea:r-prob:.bn.t:.ng Values of lubrlcatlng c:.ls, calculated from the
‘wear on various parts, S
_F:Lg.‘ls Wear-prohibiting values of lubr:.catlng 01ls ) calculated on the basmsb

- of the wear on the first piston ring,. ..
- F:Lg.1 6 (left) Wear-prohl'b:.t:.ng values of - lubrlcatlng oils, calculated on .
~ °» the basis of the wear on the cylinder running surfacess & .
-' F:Lg.17 Wear-pohibiting values of lu'brlcatlng o:.ls, -calculated on the
basis of the wear on the cylinder running surfaces, -
- Fig.18 Running surface of the first: (upper) piston ringe
- Fige19 Rumiing Surface of the first ring at the thrust.
Fig,20 Running surface of the 2 piston ring, - ‘
Fig.21 Running surface of-the second ring at the- thrust. 2
F:Lgs.18 to 21, Running surface of piston ring before md after test
: ‘Tuns . w:v.th Varlous lu'br:.cating o1ls. S S

1. new r:.ng. 2, compress‘ol whlte
-3+ Rotring D + graphite 1+. Rotr:mg D.
. 5e Gulfpride, : '

- Pigy22 Brake Horse-Power m.th Vara.ous lu'brlcating o:.ls.

‘Fige25 Friction Horse-Power with various Inbricating 0Oils,

FPige2l Comparison of Wear Resisting Values and ‘Brake -Horse Power. S

(Fige25. Co?igmson of Wear Res:.stlng Values and Tempereture Stablln.ty
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