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Testing of Eleven Aviation Oils

§230251s., Investigations on the eleven aviation cils were carried out
R N ~with five different apparatus, using: different metals and
8lloys. - .In some cases good sgreement of results was obtained despite .
the faet thet the instruments were widely different, so that it should =~ -
_be possitle to. draw conclueions which epply to practical problems, It e
'is impossible to place the lubricents in an order of merit which applies -
%o all combinations of working ‘substances, but it can. be done in the o
case of - a particular pairing of metals. . . ' : : S

A._Object of the research

-

This was to test the 1ubricat1ng efficiency of eleven abietion oils;
aupplied by the Air Force Research Station at Rechlin. At the same:
~time theso tests would. enable a comparison to be made between the
various test epparetus. x N

B. Description of Apparatus and Mcthod of Test

,,'.

1) Almen-Wieland Machino. A description of this machine and
—dnstructions regerding its use can be

‘btained, from previous publlcations. Tue .test is, first of allj,
carried out on the test pieces used originally, i.e. on & shaft end
bearings mede of unhardened steel; elso on bearings of Acterna VL 22
and light motel ("Mehle 124") unenneeled end with shafts of” unhardenod
silver stecl, ell mede.at the Rasesrch Stetion., In cerrying out this
“est the besic procedure for ‘the rest of the work wes leid down. -The
test: gives the relation” éxisting beotween the circumferentiel friction
force ecting on the shaft, end the load, and hence the coefficient of
" friction, 28 well ss the loed &t which seizure commences. - Seizure,
however, is obsérved only with the use of the originel beerings, &s tha
_peiring of steel with stoel (unhardcned) 1s particulerly lieble to )

seize. . .

2} Wire Friction Tcst Apperatus:3 Tnis ig 2 development of.the chain
S Ppparatus deseribed in Report
No.slz . the principle edOpted remeining the same. The pinchback chein:
_is replaced by & wire of 0.3 mm. dia., the wires used being medec of
iron, copper, brass ‘and aluminium. Instedd of the‘belence used in the :

pendulum ‘end an 011 denping arrangement. The method of the test is ‘the
-'seme as before, measurements being made 2t peripherel speeds of 0.84 mm/s.,
“under £ lond on the wire of 400 grammes. A wmore deteiled description

will eppesr in @ report to be published soon. - . - i

3) Grinuing (Einschliff) ﬂpparetus. This is dssoribad.more clossly
in Report No.542. With & load
of 16 kg.,‘s cutswere produced by e herd metel dise,  for each oil and
each working substence; " discs made of~n5rdened steel were elso used,
apert from the herd metel ones, end their surfrces were brought to tha
same degres of roughness™by send blpsting.- The Toughnhess of the dise
diminishes repidly during tho test, so thet the cuts obte ined consecu-<"l
tively will show & uniform decreese in length; eech lubriecent is tested
'with two discs on sach motrl employed, thres cuts being made with each
: diso. : : -~ .

4) Wear Apperetus. b closdm doscription of this is given in Report

. No.518. In the tests dealt with in this report, .

he weering pins were mede of iron wire of the type used for velding, b
--bearing on.send-blestod . steel strips, under & loed of 10 kg. . Alll other
experimental data remainad the seme as in previous tpsts ‘wear meesuro=-

msnt being related to temperpture. .
. [
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R S)fﬁrdur~Ba11“’thhind:’uThe:constructibn-offthis.épparntus is well
Ry i‘fgknown‘from-pieviqus»publiCEtions;;aﬁdwis _
~also mors closely described 'in Report No.486..  1In tho tests hers. =~
described the bearing bells were not.meds. of steol but of cest iron: -

- .8tcel Yalls may be the idoel mrteriel for tests on oils used in geer -

__drives and in weepons but they ers hardly suiteble for the investigation

- of engihe o0ils. " On tho other hgnd,‘tééts,using;CEStniron*bgllS;may'

_ throw some light on the werr thet tekes place on piston rings; for in-

) én ongine cylinder cest iron slides’cn—cast-iton or on unherdened stoaly.
-The tests were meds at FOCE tomperature under & lord of 150 kg., over.
periods of 1 minute sack; the diameier of the:wear;écers,boing?measpred :
on thg;;hree,boytcm-balls_v S T Rt e, e -

6) Plans for further tests:,erf,anothar‘inStrumont;is,being.qompleted?L
S oo st in addition te these five mechines. 'In.

~sthis, inoreasing~Loads:arefapplied‘to_e;flat,”hard steel ring, which runs

with its fece in contact with & flat plate made of bearing metel. = A

“future’ réport will desl with the. tests madé with it on.the oils dealt. -
with. et present. - If possible, it is also plemed to use beariﬂg?alloys,

~.such es lead bronze, "Thermit®, ete., in the wire friction mechins snd .

,;the"ﬂiglgnﬁ‘apparatus, 8s well es tin, 2inc;-siiver_and'lead.,' e
: fﬂ'.- o d o Theafollowing‘tabié gives scme 0f the.
Physicel prcpertios of the oils tested, - . v , o '
o : L . Viscosity'cgst. o P

*. Group Referemee Ne, . 200p 509C 100°C V.I. m Wp

77 374 2.29

I SS 607 Bod . €2.010.4
- 85 707 318 ' 58.510.65 97 3.56 1.94 -
II 85903 se5 1s2.2 24u5 114 3.06 1,58
S5 960. . - 958 . 141.3 20.9 101 3.33 1.87
MP o1l 955 142.0 21.9' 107 © 5.26 1.80
” Rotring' D 835  127.8 18.8 = 95 Bk 1,94
IIT S 1503 187.7 46.6 9,98 124 B3.26 1.48
* ' Synth, Runnineg - S '
- gz}oil:%j_: € 6.8  25.8 6.9 130 3,58 1.43
_ ASM- -0 1080 . 143.1 21,1 100 .28 1.97
. 55960 327 . . B . S
CKSE . 907 lag.g 20,5~ '104‘,~§.33 L.87.

= ' Lo For the seke of clarity in the tebulatjion,
of the results, the lubricants were clessifiod under 3 headings. Groups
I and II contein hydrocarbon oils of netural end synthetic origin while
Group III containSroiIS'mi;ed with a@ditives.to improve their lubricating
power, _ o . : S : ‘

C. Results . ~ . _
I. General remark;_applying‘to'the factors investigated: Befeore\ we ‘30 -f%
: ' el e e T more

. 3 Cdmee e e D : ully into’
tha'details of the recsults obtoined with eech apperatus, we must'knog e
exectly how much impcrtence ettrches to each factor investigafed. NG _ .
difficulties in thet respect arise when,-'say, the ccofficient of frietion, -
under conditions Gf bouncary or mized friction, is investigated inthe
'.‘Almen-Wieland mechine or the Wire Friction Apperestus: ¢ low friction go-
efficient is rlweys e sign of goed 1uhricatihg*pr:pérties, while e high -
coefficient meens the cppesite. _ “ B R

. A

. Wié?"ﬁﬁe[prob;em of.wég;;‘maiferé'afezéémewhat mpfercomﬁiiéé£éa. -
Distigct;qn mst be dravn between two types of weer, thet eonneeted with -
. selzure and thet vhere gradual abrasion of the metal takes prlece.. Tke
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former occurs chiefly when equal or slmiler metels ere 1n rubbing contect
.&nd it' is e result of the high temperatures. developed on the- mstal _sur-
~faces. ' High speeds of rotntlon ‘help to quickon the process.: 801zure
of theicontact surfaces CPUSuS serious ‘damsge end 'if the oil .is able %o
prevent seizure es much &s possible, favourable Juﬂgement cen be passed
‘; on:it.) -If seizurec cannot be completely avo idad then &t leest the 0il
shonld act so-that weer on the seizing prrts is £g.1ittle as possible.
‘The Almcn-W*elant[s“f the. WFour-Beli® mechines are excmples- of ol o
te:tin geer usad 9 juveghige te waer ei:ewts cf thet klnc,;aa high-—
selzn:e- rua1u1hb leed QJt“lde in. th_Isrmax and a- -small degree of .
weer in it 3femetsr of tho ol_s ia the 1 tter——being points in favour
of the'oil.. . ..o - - :
. S ‘ : ; N
Thesc ‘conditicns {dded not however Ppnly to the other form of woar. .
Abreslnn occurs—chrefly—whon“the test- metals concerned differ widely
-in herdness. , Increesed roughness of the weering element, i.e0. the
harder of the test. Pleces; favours abresion.: - The weer. enparetus ané
tho grindlng epperatus both work under these conditions,. end ‘it-wns
~established thet the. vary 1lubricents which g> furthest in preventing
seizure, prslucc mest abresicn, - This. epplies not ﬁnly to extreme
pressure lubricants; where chemicel processes are not probably: anulVGL,
but #ls0 o pure hyurocnrbons ané ester oils. This rule, which will °
be deelt Vlth leter on; is ebsily demomstreted in the case of simple oils
.but the effect ‘becomes obscured: with blendec oils, 25 -in the tests ‘
‘deseribed in-this. report. It cen-be furthor esteblished that, sub ject -
_tc certein conCitinng belng fulfillad hlgh PbrﬁSlOH is cuupled with a .
low. eoefficient of - frieti . If, fur thermore, one bears in mini thet the
very oils whiel in, practlce are known t: be good 1uUT10ants, 11ke »
vegetable oils, for instanée; produce very high abrasion, then it 7 imo
sécms proper to. conQIJ"' sien 6f the lubricetel surfaces ase =~ =
point in favour. Moreuver, it seems fessible thats frr each separate s
lubricatlon process & .certein optinum state of abrasion exists, a 2 ‘that
. eny abrasi:n in excess 5f that emount would  be more detrimontel then
~adventagecus, - Whether or not such an optirum condition actually oxists.
" and whet its velue is, ve cennot say from.our. present knowledge of .
lubrlcetlcn. In- vhat fullo"s, it is therefcre assumsd thet high
~ebrasion is an indicaeticn thet the.oil yvssesses fPVﬂurable properties
for technicel hubrlcetion Purposes. R

II. Results obtrlnec Wlth oech T St*ﬁbparstus
e a) Almen-W1slenc machine ST

o

Originsl Bearlngs (sheets 1 - 3)

The dlfferences observes are exvresseﬁ malnly by vsrietlons in
the seizure-nrccucing lceds. - The satisfectory eonduct of S8 807 es
" opposed to that of SS 607 end SS 707 (sheet 1) is striking. -~ Remark-
&eble, too, is the high geizing lord obtained with "Redbend DV . (shee%
2), beceuse Red Bend Standerd 011 (ﬁbtalnea from wifely Aifferant sﬂurces)
hed nevar. before y;elde* 8o good f result.’ _ Experience with the |
S Almen~Wielend nmchineshas tsught us thst “the lsest quantlty of certeifi
‘ (po’er) substances,—e.g. fetty acids, ‘ete., can causs ‘s shery increase
" in the seizing loed, end it ezpears that in the case of *Red Benﬂ" -$00,..
“this high lcag cen be ettributol-tc tha nresence of small qpentlties of
‘such stbstences. ASM (shest 3), surprisingly’ enough, does not yield
e very good result, whils the cffeet of bleneing 2 KSE with SS 960 1s ~
c~n31dereble (sheets 2 and 3}. . - o ' '
. A

Bsurlngs m_Fe of Aeterns VL-22. and nght MEtal

Beerings made of these Iwo metalu dic n3t seizs at all, 80 uhﬂt
the lubricents mst be. julged con thelt coefficients «f frietiomy - ”hev
results are indicated on sheets 4 - € (Acterns beerings) end 7.- @
-(Light-Metel bearings). Scettering of experimsntel points is. within
noderate limits, being somewhet 'grester only in the eceso Of SS 1593
end the synthetic running-in 2il (sheet 6), using Aeterna. The -
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results obtained with Aoterna beerings show differences which are still
feirly well discerneble whereas in the case of light metal sucht’ differ= -
ences ere very di@ficult te—observe*»,also, with Jeterna: bearings there A
ere great fluctuations in the value“ef;iﬁe coofficient of friction, .
‘Fith certein lubriCnnts, like SS 903 - ASM and- SS 807 the coefficient of
@rictipu -falls sharply as the load. increases. R 1 the other lend the
coefficients remein more o less constant in the ceso: of light metal

. bearings. -g o REEE vﬁ~'~z o e - -

b) Wire Friction Tost (sheets lO - 15)

.,‘_~' "

. For iron, copper a d'brass the coefficients of friction 116’between
O 12 end 0.19, SS 707 being the ©nly. exception, while for aluminium they
are. considerably higher, about 0.2 t6 0:3. Since the friction curves
frequently intersect it is- not always easy.to evaluate the—lubricents.
For the sake of clarity. the actual experimentel points have been omit=-. -
ted on the curves. - Nevertheless to. give.an impression of the extent
to" which ‘the points, were scettered on.the graph, the following may suffice.
This’ scattering wes least with iron and .coppar (ebout 54), followed by
brass (about 8%) and aluminium (8 '~ 12%), -4As in 21l other apparatus.”
‘for testing luoricating proporties, it varies from' one oil to the next,
Tne measured ‘differences betwecen the oils were léast apparent in the
case of ‘iron and copper, - Whll they. beceame more marked with brass and
aluminium.‘ . ' o : ' K

'c) Grinding Apparatus (snsots\le end l?)-
- Toste: carried out w1th;this 1nstrument ‘using a hard metsl disc,
show perticulerly 1nteresting results (sheat - 16) : Thx,bshaviour of
synthetic running-in oil end SS 1593 is particularly striking. For
" instence, these two lubricants nroduced very little abrasion on & brass
~ ¢ylinder and very high abrasion on light matal one. . Thers is no
connection between the amouhts of sbrasion produced on steel and cest
iron’ eylinders. It is also. interesting to compera the raesults obtained
with & hard metel disec and those yielded by steel discs (sheot 17).
‘Tests cerried out with these discs on light metal and steel cylinders
resulted in the oils being arranged in elmost the seme order of merit
(Trenslator's note: e printing error seems to hevae occurred on sheet
- 16 = the first oil on the top line 'is qnoted as. "SS 907": sactually none
of the 6ils tested beers-this reference: number which should be repleced
by "SS5S 607"). Bronze goems to provide an-exception in‘which ‘synthetic
running-in 0il end S5 1593 seam to ect in a perticulerly contresting .
"manner, . This phenoﬁ5ﬁ6ﬁ“mey be presumed to be due-to the -following:
“in these tests, bronze is subject to high rbresxon4 which is especially
troublesome with the slightly roughor steel_dises... So;that tewards :
the end of ‘the trial it is no longer e case of steel running on bronze,
. but on3’ “of bronze running on bronze.‘ - Under these circumstances it cex
hardly be supposed that uniform abrasion is still taking plsace; rather
-_one might suspset thet bronze running. on bronze will ceuse-seizure, "
/ The results. obtained: with #-stoel disc on a bronze eylinder are there- -
for unreliablo but ere neverhheless evalunted with the others.

d) chr Apparatus (sheets 18 rnd 1) °

Slight differencss only ‘are obtained vith oil groups I end II, !
the results being quits . consistent., Abresion is considerably higher
for group III, and«s&ettering of tha p01nts mors noticeeble, SS 1503
“end synthetic running—in 0il shovwing surprisingly high- ebrasion.

With soft iron beeTing on rough herdencd stéel surfaces, this is en
-~ oxemplé v*f "ideel" ebresion conditions, end - thus the results epplying
to group III must be- considercd es fevorsbls., . - .
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M

"el”“Fcnr:Beil""mecnine (Shect 20)’

T Whilst ‘the tests on. the reer cpperatus deal with abrasion, the -
"Four-Bell" mechine. dezls with.wesr acconmanlcd by seizure., It is-
nct surpr351ng, therefore,.thrt group III, in contrast to the results \
_11.6. the. rquxded‘results) obtained in: the we: wearﬁppparatus produces
‘the lesast: W’er*1n~this testy The results are reasonably consistent,
though the uniformity of. the: east:iron bearing balls lesves much to . ;_
be desired. An exception 1s”provrded“by the tests employing "Red -
Band" D end $S- 9603 with which 0ils the conditions of .the' test-sppear
‘tc produce results which on pl)ttlng, shor littlo tendency to lie‘~w»f
~on-8- smcoth curve,: : _

III. Summery cf Results. “From the lorgc number of results vbtained -
it is difficult to form e elear picture of. “the -
lubricetlng power cf each separste cil.  In order to put all the nils
on a common. b331s, s tc spesk, a points system wes Antraduced, the
- number of points’allotted (renging from 1 - 10) being in direct nro-.v
-pertion to the quality of the 0il; This sffects 2 clear represent-

. etion of .the results, frém which the crder of merit of the cils. end
how they differ from ene- anﬂther, cen be obtnined. This poipt -
veluati*n is shown’in ths table on the sepsrete sheet: the first
columns distinguishing betreen epperatus end 7nrk1ng substances. - Tc
sum’ up, the arithmetic means of the points allotted ere ascortrined,
‘ferequel or similer metels end alloys, - Where the results differ
from cne instrument t% another,; these differencos will be ironed out,
wpereas vhere they agree any such differences will be/strnngly empha-.;,

‘gised.  The ‘follow 1no contlusions cen then te drawn . with Bome degree
¢f certeinty. S _ﬁ;ﬁ_n - . ’ ‘

e . In Grnup I, ‘ss 607 reacts better on light
metel end alumlnlum then ‘dc SS 707 pnd SS 807, a result which is con~
firmed by 211 instruments. On the other hrnd SS 807 repcts better cn

- copper~zinc ellcys than SS 607 and 707: the same epplies to iron end —
steel, though hers the result is not quite so convineing. - Good rosults
for ss 707 appcar cnly with lead-bronze, theugh it must be steted that -
no finel eonelusion may be drawn from this one experiment. In Group
~ 11,755 960 end MP 0il fell behind Red Band D, thrcughoutg___only the
use .cf 1light metsl causes a. scarcely perceptible movement in favour
‘of SS 960 end MP 0il.  All the oils in Group IIT reect fevourably on
“iron, stecl end cast_iron, while ‘particularly gocd results were obteined
w1th.SS 1593 and synthetlc running-in oil on light ‘metal. . Their

© superior quelities are demonstrated equelly in all instruments, = q
The other twc.oils, ASM and SS 960 + 2% KSB, on the other hengd, recct

~~~ﬁell<en~0fpper and copper-slloys, en agZfect. which - is again Well -
. demonstrated by sll instruments with the excepticn of the tests with
steel on bronze in the grinding apnaretus (column 10) which hevo al=
reedy been discussod.<; . S

' ' N : It cen be seen, then, that certain lubri-~
- éants nrcduce 28D ecinlly gvod effects with. light ‘metals while others
excel when tested on ¢per and copper elloys. The farmer include
S8 1593,. SYnthetic running=-in 2il, and. SS 607:...the letter, ASM,.. .
-.95.960 + 27 KSE »nd to e loss &t extent 'S5 807. Compari son batween
5S“6E0 #nd SS90 g 29 XST 2nables us ta observe the effect of en :
vadditive. A cﬂnsiderabl= improyement is crused by adding KSE in
tests cn iron, cost nrﬂn -steel, copper ent copper Plloys. . In the"
~tests on eluminium.and 1ts alloys, the additlnn hps no effect, gcod or
bf’d. . T Lo . L e e - . !

' il The tests haye shown thereforc thst,

desnite the differenccs existing betwoen the verious forms of epper~

- etus employed, the results obteined shew @ certein all‘rﬂund meesurei



cf agreement.. It is nntmn@lly imnerﬂtive 1o distlnguish between the
éeparate meteriels, or axoups 7f mPtcrlals. ' .

. Thc fact thst totally miffercnt instrumants pess. the ste verdict

bn the Jubricents, leads. one- to eonelule thet the step from oxperiment
t: Tectice.is not vart1cultrly risky. In the tests. just Cescribed,
‘agreement wes-not resched on £ll pcints. neverthulass there is hope ™
“that by edding to available date & still greater imrevement in this'
=field Wlll be. onssiblg,,by"further c“mvprls ns. “lth ppirs 3 4 w*rking

it metals. Ll . o . : . : . :

h l - 9. ‘7”' L :fi Tests vlth the Alman-ﬂlnland machine._
Sl (frietion firco/iaee curves) v
sheet l wcrklng substpnce' stee1 (criginﬂl buarings)

Lo " i Ri : . v n o . L

_'.Z Sl s

. fote T " ot L X o
= h _E 7 " Aetern$ 71_22 :

L B T

" IR L w n

f.‘>f "1_ S "Mahla 124" (unpnnseled)
o E )

—_ L " "

"o ] ’ RR "o

BN RCR- OISR

110 =15 :_--: oo Wire Friction ToStS (ca-cfflclent of .
: S L frlctlnn/ tumvuretura curves) :

S18-=17 Tests 7lth tnu Grinding AJﬂ?rPtus'
: EERETCE uurntl*n of test: 10 mins. (volume grﬂund out)
e " loed . 16-kg.
: Vo no, of revs. 210 T.p.m.
sheet 16 _brrd metal dise ¢n bremze e
- o (Mehle 124)  light metel (ann‘éalad)‘
steel - ¢ S
ceest iren oo o
e . : leed~br: nze  ‘ K
towme test esnditicns rs befare. : '
S The velues shown. repre sent the mesn velues of
S 2 series of tests, with 3 sttemnts.each. Eachw
' ‘ series wrs eprricd out with = na" steel aisc on =
S ' A &) brtnze . .
P S © " b) light metel annealed g
BT Sl ] c) stéel~ W“,J C
» ' . . /AN -
8 =-19 . - . Tests in the 7enr A)parﬂtus (sh rtenlng
» : » of pin/ tetpereture) :
Zuretisn ‘of test 20 mins. S N
- “surfec¢as pressure 142 kg/sq.cn‘ o
'Mrwterinl~6£~ain 1r:n«(walﬁxng radl_‘.,

20 - o e w'° " To sts in the "Fgur-Bellﬁ mechlnu
» : mPterisl ~f bnlls."cqst iron :
1oad 150 kg.

spaod ‘of rotntlon. 1500 r.D.m.
~ Zuration of test - 1 min.
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