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~Following some tests on metal abrasion it wag found that 'a Ghange in the drgree.

of roughness does not -only producd a ghange in the ‘quantity of abrasioqu«measui-ed\,ﬂ :

- but may also arrange the Jubricants in‘e new order of merit. 1t is also shown that:

_there_is a‘relation botween metal abrasion end geigurei tho heavier the abrasion,

the smaller the tendenoy to seizures ... R R

Trials with engine 0ils containing additives, made it olear that the deductions
made from results ohtained in tosting apparatus have a bearing on. aotual eonditions
mat with in practice, only if certain definite conditions prevails Guite apart from
the employmont of approximately similar meterials, ono of the fundamental conditions
for good agresmsnt appears to be that the tomperature should correspond to that met
with in practicee -~ = - SR ' : S

Woar and  Friotisn Testse . -~ =~ Sy IR T ‘ K
, - The observations described below have been mado during routime tests, in ‘the_oourse
~of the last ® yearsy Although 1% is dosirable to oarry out systematioc trials, the ‘
fact is that the tdsting gear was roquired for priority. investigation: of ourrent
production problems, thus preventing £ho adoption of an orsanised test schedules
In these investigations, some of tho phencmona which occurrod from time to time
‘were of partieuler interost.toithaso intor ~sted in the mroblums of lubrication-and
_ they are therofore oonsidered worth recor’id~. For instance, in the investigatlon A '
_of outting oils interesting rolutions wore ¢ iscovored between abrasion of the mgal,
-and degreq of rrughness; or whon tostins motor oils, a rolationship could be- ;.
established betwoon abrasion and soizurc. (uite apart from, end in no connection . -
with these tests, an account will bo givon of trinls dealing with the use of .
lubrisating oil: additZ - which furthormore - pormit-a - eritical survey to bé' made of ;
‘the various apparatus. AR e e o

o

.. "1In the development of a outting oil for light metals, trials wore carried out. .
with various lubricants in the "grinding in" apparatus (diag.leof report No.§48).‘ ‘

"Each test was made with a load of 16 kg for a period of 10 mins, being repoated
twicee The usual hard metal dises were employed in conjunction with e 1ight metal,

‘w0 1o4", The ‘swface of the first disc used was not very rough.end the results
obtained are shown in diage2.(left hand portion of ‘diage) proving that the differences
_in abrasion produced by the four oils tested, ara slight, ' If, however, the dise
45 roplaced by one of similar dimension and material but having.a rougher surface,.. ..
an inorease in-abrasion will be noticed. This increase does not teke place in the
same proportion throughout but varies from one lubricant to the nexte For oil No.¢.
‘Por example, the abrasion caused by grester roughness. is inoreased approximately
geven times, thus transfering it from seoond to:last pleces O0il No.9, with, -

_ -approximately the ‘seme viscosity, shows an abrasion only about two-and-one-half
 ¢imes as groat, thus moving from fourth to third place. In the casa of K¥ oil

" "Rotring D" and o0il No.3, abrasion offacts inoroase but slightly with a change in
degree of roughness. From these tosts it may bo_seen that so far from:being . .’

. - . - =

replaced by a file-like action, the influonco of tho lubrieant, with inereased roughe _

ness, does not only hold {tsown but becomes actually vory marked indeed, The ,
vigoosity of the oil plays no part in this: wjothor the different temperatures caused
by different degrees of roughnoss can be- hold responsible for the viclent reshuffling
of the results, is a question to be. sottled by furthor experimonte One thing, however
18 certain, viz. that with measuromonts of this ind, relating to the effect of metals
on lubricants, end vics versa, & clear nicture ls available giving plenty of scope )
for analysis, from. a knowledge of which.it moy be assumod that there is a cerbain |
" sonnection ot only with the outtine procsss hut-also withi-the lubricating process.:
‘The theory that abrasion takes place at tomperatures far exceeding those
existing during normal lubrication,. is held to be improbable gs temperatures of that -
_ ¥ind would be oasily observed. during the fest. In actual fact, ro perceptible .. .
temperature rise has been rocorded either on the diso or the test oylinder, quite-in>.
contrast with other instruments s (0egs the 4=Ball Machine or the Wisland Machine)
(Thus, these remarks are apposdd to the results published by Profe Heidebroek.) .

_Tests are in pre paration in which the existing tempefature chenges can be estimated,




Similar experiments, are carried out on our wear-produoing apparatus, again
with hard and rough ocontact. sqrfaces (sec diae3e of report No.548).. Approximtely
the same aendttions;wétﬁiiuas in the case of the grinding machine and 1t is-sgain-a.
‘question of ’ metal ‘abrasion, and tho 'same conclusions a8 above therefore, apply as
regards’ any similarity to“actual practice. In any case, a’certain connection = -
between the tests on this apparatus. and those on the Almen-Wielands machine permit
the oonolusion to be drawn ‘that 'some importence, at least, must be- attached o the —
nmasured amount ofrabrasion:when estlmating-the.value ofuan 011 as.a. lubricant.

‘As already shown for three oils in Report No.548 the oorrosion taking place
on lubricated metallic surfaces shows a relationship to the abrasion caused in such
a2 manner that increased dbrasion points towards a high soizure -load. To justify tHis
statejent , the results obtained \on the Almén-Wieland machine ; and the "wear machine", - i:
‘with a number of different lubricants were contrasted?® this is illustrated-in- diags4. :
“Each p01nt in itself represents a lubricant, its ordinate indicates the amount of
‘abrasion caused by an_iron pin in the woar ahtsratus, ata temperature of 100° C and
5 usinj. hard roughened running surfaces; theahscissa indioates the load at which seizure
takes place in the Alman-Wieland -apparatus. It is seen that on the whole there is g
‘relationship between seizure load and abrasion. If the hydro-carbon.01ls and all other
lubricants are put into respective olasses of their own, it is seen that the esters and
- poly estoers ‘testod, occuoy a ragion all "by. thémselves in: the éadotof thoss lubricants
relationship mentioned is particularly clear, and the greater the abrasion, the higher
“the seizure load., The KW oils show'a very low seizura load as wall'gy poor abrasive ~
qualities, The addition of acids and,esters, produces a considerable re-shuffling of 1"
the test.reshilts, even.when the guantitles added are small, :and favourably changes the
lubricant itself, In this manner it is possible to obtain the high siozure:load-
paculiar to an.ester with a KW oil, though coupled‘with less abrasion, a factor
which ean gain ‘importance when choosing a lubricant, Proference will always be given
_to the lubricant which couples littlo abrasive action with a good performance as regards
- geizure. The KW'oils tosted are chiefly commercial products which are not absolutely
“pure but always contain traces of estors or acids.” It appears probable £hat the :
results obtained with KW ail can be attributed not so much to the properties of pure
KW but rather those of the surface active substances edntained in 'ite 'Perhaps the -
investigation into seizure loads with the Almon-Wieland apparatus may be cglled.
. rough-and-ready method of doing it, but it is also true that in actual practice
.a lubriesnt is estimated to no small extent according to the ocourrence or otherwise
of seizure. -A lubricant like castor oil, for instance, doss, dfter all owe,
" its exoeldent reputation to the fect that even under_unfavourable conditions it will
not produce seizure, or gimilar effectse. Low coorficionts of friction or high abrasive
" powers do not usually couqpt in the eyes of tho practical observer. The relationship
between abrasion and - seizure, thus demonstrateé may perhaps be ‘explained’ as. follows:

Seizure of metallic surfaces domands the existence of high temperatures along
- the rubbing surfaces, As 1ong,however, as the lubricant nermits sufficient !
abrassion to take place, no excessive temporatures even ‘got a chance of occuring
along the surfaces of .the lubricated parts. Beforo the motal particles. attain e high
temperature through friction they have already been removed, so that seizure will '
- only occur when the abraslon causod lags behind the increasing heating actione -
7 o e
These tests therefore, indiocate that the results yielded by both “the o
AlmenJWielandaipguratusand ‘the Wearapraratus are very instructive, proving that the -
determinzgion of abrasion ‘is not & factor affecting outting oils alone, but that there

are interpsting relationships with other factors governing the suitability of. an-oil
- which are of significanoe, in aotual practice, . — ,_n

We have, furthermors, carried out experimsnts‘:z:Zhe method -of adding e substence
‘manufactured: by M.I.G. Werks - Leverkuson" to aero engine oils. - The- ‘purpose of suoh
additions being the smoother running-in of  aero engine bearings. ;

Two substancss were found t0 be particularly suitable in trials oarried out in
eonaunotion with other -resedrch contres: both wore. phosphorous-ocompounds,listed as -
1.G.89) and I-G.15BQ£%0‘ “the latker being obtEinable in.several varietss. Starting
with practicdl results’ right away, and as both. substances arc practieally equivalent

as regards effect, these resultE?‘Bbtained on’ the*eng‘ne;“sre stated in-oombined
~forme ‘
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61 engines, type DB 605, using "Rotring D" without addition, and 65 engines - .

. using "Rotring D® plus adddthon of 1586/80 or 891, were run in"at the Daimler Bemz —

- workse -On termination of the running-in period photographs were obtained of free .
journals, points being ewardod in each onse according to: the oondition of the .
“bearing: the-awqrd-being‘ﬁaséd on the presence of iany traces of wear, points —r———
_thet produced excess pressura, grooves,. etc. Forcovery ons of the 126 engines an. ...
‘avérage number of points relating to the whole engine was calculated from.a Imowledge
. .of the individual ewards to all:hgﬁriggs;“sépaiated into pedestal beeringa.end.’. = -
' journal bearings: the results-are shown in diage5e {left hand side) They indicate

that ‘on the average the point award shows a poticeable trond towards the "credit"
Bidg”when*thejsubétances>are'added. This is particularly true in the case of.
pedestal baaﬁings,ﬁand'somewhatfless¢nnrked1y~w1th journal bearingss There were _
14-instanCes-of”seizure'withqut'additiOn{of the substances, and no oases of selzure
—when the. substancas were added, so-that their beneficial effect cannot be denlod
The‘results’are.basadmoqﬂa;great abundance or;tastingvmaterial'and are consequently
Partioularly'Yaluaﬁiekﬂ“*¢%¢w ' e e e e %

y .

-~ 1In ordér.td aﬁbfeoiate‘theAtime value of the various testing machines, xnowledge’

of such results is of the'kreatest‘impbrtance: in what follows, conclusions arse,
therefo;e;_notvdrsﬁh from test results to be applied to practical conditions, but -
* pather the other way around, thus onabling & critical view to be taken of the
test gearsy Apart from the +wo substances already mentioned, @ further material
 (Cref.M,l) will be considered: unfortunately no ‘practical tests have. been made
_wig%;this product, to dates ’ ' U " '
- ‘When testing the substgnces in-the grinding apparatus, & rough hard metel disc
wag used On oopper and "Aoterna VL 22", respactively. -is expocted, the amount =
of abrasion was grester.with an addition of the substanceds than without 2t (diage5,:
right hand side) both in the case of copper and that of "acterna®. However the '
Ancrease in the amount abreded , dtg to such additions, is still very smalls It is
‘thought that abrasion takes place at an insufficiently high‘temperdture_gnd'that
a rise in temperature would lay greater stress on the differences optained. Tosts -
with that object in mind are still in the preparatory stages g .

]

_ - Steel shafts and bearings made. of "-aeterna” VL 22 were employed . during tests
in the Almen-Wieland machine, the tosts starting at room temperature, according %o
the instructitms relating to the test. Hardly eny effects attributable to the
.+ substance added were noticed either in the. course of the test or. in the appearance - -
" of .the- test bearings.—-Only.with an increase to 1002.C of the temperature of both
03l and bearing at the sfart ‘of the test wore there any marked chankas (diage6)e
Without any additions, the frictional force shows a rapid increase when more then 20
plates are_employed‘(this is-indioative oﬂ\load); wheroa§’6n'the‘substances'being‘
added, the ourves rise steadily within tho loading 1imits of the apparatuss: There:
are differences between the varlous individual substancoes.as regards friotional
.coeffieiehts,.1586/80'being noticeable on account of its low coeffioient of frictione
Far more/important, however is tho. ‘appearance of the tost pleces. "Rotring D"
without ddditive produced deep grooves on shaft and bearing which accounts for the
steep rise in 'the coefficient of friction. On addition of one - of the substance®
mentioned, both the bearing and the shaft are perfectly smooth (diag.7) The results
obtained-with a method rendered more acute by an-increase in temperature dre there=
-fore ‘alosely akin—te-condlitions prevailing in actual practices the Almen~foiland
_apparetus;:;then, appears to be a-thoroughly useful fasting machines it is. only
_necessary-to sult theo tést-conditions to dach partioular casee In the partioular
case dealt with above it would be desirable to be able to incremse the-load still-
- purthers In that way it might alsp be possible to got.a better differentiation
between the substances addeds - S T S

. -

‘_L'*As,the,tests mentiénéd go-far led one to»believe‘thatxthquubstancés showed
their effect only at high temperatures, they were continued in a plece ‘of apparatus
in whioch the test conditions suggest the existence of high tomperatures on the '
Tubbing surfacess The test equipment used here is gomewhat similar to that of the
Siebel)Kehl apparatus. A smooth eiroular disc of hardened steel is divided into
three single‘surfaoeg‘bﬁ*countersinking and Tuns on a. smooth copper diso, in oils
The test equipment was installed in the "Four-Ball" machine. Loading starts at
sero and is increased .slowly and at a steady rate by water £41ling a oontainers .

L B
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The_frictional torque 1s noted’ on an iAdicator drum by a levér carrying-a pencid, and
and both test oil and equipment are heated to & temperaturc of 80°C, prior to . :
_ocommoncing the tegt. . The end of the test was taken to be the rapid rise in the

value "of thezcoeffiq19nt‘df_frictidn, indicative -of ~tho-first stages of selzures .

. Diegram 6 (bottom part) shows tho rasults ohtained with this apparaﬁus.'.Thef
oonditions met with et the:end ‘of the trials with the Almen-Wieland machine are
reproduced with a load of 100 kg, approx. gty v D without additive starts -

" failing in-both machines, while differentiation botwoen the substancos added is
hardly possible. -Only with a further increasc- in load -in-the-tost .gear employing -
dise. friction, ddes "Rotring D'-+-1.2% M.l, fail as well, while failure of the other:

~two-substances takes place at-roughly-twice thot load. In'that way the agreement - -

- with ectual practice is clearly established for this instrument; too.—Hdow. far. .l .
exactly the agreement applies to M.le additions will be showh.only after the engine ..
test has been carried outs PN S R

~ Further to these ‘trials a fow general remarks on the process of running in of

bearings and the relation to test equipments are timely when new machinery is being -
run in ', the conditions existing at points¥of friotional conmtact are partioularly . ..
oritical because the rubbing parts have not yet adjusted themselvas to one anothers

"A few single points exist which bear the rmain load tintil even distribution of pressure
tekes place all over the bearingd ' It 1s easy tb, visualise how a bearing not yet
properly run -in, will function mainly under conditions of hydrodynamic lubricatiom
vhile ut the:same time there are single pressurg/points>wh&ch penetrate the liguid -
lubricating film so that here and there conditions of boundary lubrication prevaile
Such points are subjected to comparatively high pressuro -and speed, both of theso '
factors eventually leading to high temperaturos on the "crests" of the rough surfaces .
In the construction of tesﬁ"gppgratus»phc»Opnosite'path is frequently taken, by adopt
ing very low. peripheral speeds it is possible to reduce the load oonsiderably without
leaving the region of limiting friction. . Thoso very Tow frictional speeds and small

‘loads; however, will.never lead to & developmwmt of temporatures such as are met
in practices On the other hand, since the.offocbivenossjqf a lubricant oen be very - _
largely dependent on the temperature it is ouitn imporative to . have temperatures
corparable with those met in potuel practice. Hoating of the test equipment -and the.
lubricent in their entirety is possible only to a ocertain extent as a change in the
lubricent. must be reckonod with (to say the least) at higher' temperatures. . The best
method, therefore, of producing high tomperatures on the "erests" of the running <

. suyrfaces, 1s +o ‘choosescorrespondingly high spoeds.and prossurese The g:eateét

difficalties facing the makors as far as bearings (and particularly motor bearings). -
are concerned with the problems cropping up during the running-in period rather than
during the actual service. -It is therefore necessary to becomo better acquainted with
these conditions aend to drrange the tost equipment socordinglye o

* Once the additive-substances-discovered had proved themeelves suitable for the
running-in, of bearings, it still remained to be seen whether they would produce
~ harmful effects with respactlto ring-stickinge A number of trials were therefore
“sarried out in which ring-stiocking took place, and it was found that M.le alone
produced a roduction in.running tims. "At the same tims, in these trials the wear on
the piston ring wat measured, leading to the surprising discovery that- the addition
- of 891 and 1586/80 reduced the amount of wear quite romarkebly. Diag.8, shows the -
amount of wear on the piston rings,. rolsted to the running time-and output which'
...... was. 57 HsP. -throughout, tha.trials being.carried ‘out with. various cylinders-and - -
& new piston ring in cach case; Dospit _hg“factwtﬁat%gbggrggg;tswarexappﬁébiablyngl;
soattered, the effect of the additions ea '

_ h #ho-oledrly obsd¥ved, This led to“the ' -
performance of tests whoso aim it was to find. out “to what, extont the-test instruments
are capable of reproducing those offects profuced by weare = T

- With all tests on wear tho opepntor must-ha cuits olear as‘tb whether he is
dealing with metal abrasion or with séizuros Trcurably, betwean .these two types of
wear, there is a ™o men's land" in which. oxact classification becomes diffioult, -

. Previous experishce shows that abrasion takes place with mtorials possessing different
degred s of hardnesd wheré the harder elemont is at the como. time the. rougher of the
twoe- On the—other hand,wear by seizure takes place especially when the same, or at
eny rate similar, materimls slide on 6rne another. A8 shown above, the tendency to .
seizure is smaller as abrasion increases, and as weer by seizure is the considarably

_ more unpleasant form of* wear, a large amount of corrosive Wear in a test machine must .
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-be considered unfavourablo~end high abrasion favourable, genorally speaking. One-
Jcan therefore not describe a lubricant as_being proof apgainst woar without - = -
~:stating which Form of wear is i.inplféd”i(?cfi{aﬁs»l‘a%or',s"not"éi"-the-marginal—*n*ctej;rﬁfqh“q?g
manuscript- deals with a -technicality:of oxprossion to the offect that "proof againsy
~wear® applies—to-the bearing materinl, not the lubricant.) =~ ~.© P

E «~+n‘an ehéihe;-bdét"iron'runs in tontact with unhardened steel, and the - . ,
-pairing of materials is-such that in case of wear seizure will be the principal result, .
Ir now.the lubricants are tested for abrasion (say) in the grinding apparatus, an #ar
—incroase in abrasion is expscted for "Rotring D" containing 1586/80 and 891, SR
compared. with the use of "Rotring D" without additives But no effects attributable to .

the additions can be found with cast iron-as used in-pisfon rings, or with steel, -
Evidently the tempsraturs difference between practical case and test gear conditions-

is here even greater than in. the case of the trials on bearings, Here it must again

be assumsd that“an increase of tomperature in the grinding machine would yield.the -
result expeoted, 'Again, the additjop of the substances when a soft iron pin. rubs .

ageinst a hardened and roughened picco of steel in tho wearing apparatus ylelds RN

T- Aty H

positiye}feﬁﬁlt in the shape- of increased abrasion, . -

Tests with neat "Rotring D".in the Wieland gpparatus .on buarings eriploying y
steel running on steel, showed that soigure started with.a use of 8 platps, while with
the mixture the 1oadw6nusing530izurc‘lios‘ubnvcuthq;quimﬁm permissible lead of the -
_apparatus.(L.0. 25 p}ates). "Tho "ggreemont hotwoon the cmount of abrasion in the

wear apparstus, and the seizure-producins lond in tho Alm&pn--'V:f;n’.c-ﬁle.rxd_mac:h:'me,'is_v.__l_‘,_._T

- therefore established apgain. _Bothiinstrumohts, though in agrooment with one
another, do not fully agrée the actual woar on a niston ring, as found in practices.
Moreover, they judge M.l.ftoo.favourably,land evidently the conditions they produce.

are still too moderates . _ _ . _ : T
... The temperatures existing hafweoen piston ring and cylinder are comparatively
high, between approximately 300°-350°,C4 = An apparatus -measuring wear by seizugg“—-

et high temperatures will therefore resemble actual conditions ‘most closelys The
"Four=Ball" machine, using soft steel balls, or cast iron balls, conforms with these
réquirements: the very high pressures and the comparatively high rubbing speeds .
producs.%hevsorn35pondingly~high—temporabure.‘vItfis'thus possible to obtain wear:
measurements  with unhardetiod steel balls which 1lie in the same field a3 the wear
- measured ‘on piston rings, and lead to almosk the same essessment -of the lubricants
.88 the engine test (diag.9.bottom)s When ocast iron balls are used the agreement is.
even better- in fact, to all intents and ‘purposes, it-is‘completes =~ :
‘.It;waa;thus_ﬂound~thatmtherparticularly severe conditions produced by the
"Four-Bell" machine corresponded most closélj]to_thOse~of~actualmpraetioea-_Fnomhﬁhat{f
it canbe concluded that these conditions make strong demands both on working o
+ materials and lubricants: a oonclusion. that applies not only to piston ring wear hut .
. tothe working and especially the runnins-in , of bearings, as demonstrated above,-
Conditions of temperature under actual service conditions in particular, and. = . -
pond;tions'iq“genéral,,ara_mone-seﬁero than is generally bolievdd to be the oase,
and partioularly in the machines montioned do we sec a chanco of approaching the :
.. Severtty of ‘these practiocal conditions, though it is naturally necessary to adjust -the
- test conditions—to. the individual cakes Investigations’ confirming their scope to
..the region of non-wear -produsing lubrication and low surface temperaturgs, do in our -
~opinion ignore the essentials of the problem- hdeausge under practical conditions &
“lubrlodnt 1s gemerally. loekad upon. from tho”point of view of how much wear and
—%otherfghangqsvpn the rubbing surfaces of the engine’ parts, it permits,

N
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-Diag.No : Gglndlng apparatus (seo previous detallzﬁ report on this‘
e —— ... machina) ST ;
DiageNos2, = - Abrasion and degree of rouﬂhness ' ' T .
ST T Yaenxdse ground volums’
t . Xeaxiss 'smallwroughness-great\ -
. . . tests with grinding apparatus.hard m@+al dlSO agalnst
Ty T light metal (- marble 24). ,
- DiageNoads - ° - Wear apparatus
.. 7. electro motor with transmlssion goarc
~‘Trommel B TC drum = .-
Kurbel R _ R crankehaft
Préfol - 7 . T yvtest.oil
Versohléﬂssstift L ' . pin %o produce wear'
Schurgtange - * = . . cone'rod
Heizol. :, ... .- .. heating 011‘v“
. ElecteHelzung e “ . electric heater
o Gewlehbo ; ~weight. -

~ Relation between abras1on and corrosion -

- Yeaxis: reduction in length of wearlng pin at 100 Ce
ST e Xeaxisse corrosion-producing load in Wieland machine
DingeNoos5e .7 . ﬂTests with. substances added. to lubrlcants. '

C . left: no‘of enginos s
o noe of points: awarded
rﬁ:ght volume ground ou't

;’Di&g‘o‘N 0‘7.4‘6 . -

) SN

Diég.Noégfi , dltto o
U ' top: Y-axis frictional force
e X-axis: load (no. of plates)

: bottom ditto ’ '
Dlag.No Tl ~ Fhotographs of boarlngs tosted in the Alinent Wieland machine. ,

Didg.Nos8, - - _tests with mixbures - (as HosTe)
- top Yeaxis: $8pec-wear :on-piston-ring. .
botton Y-axis: volume vround out.’
Dlag.No.Q. ditto :
» . Xop  shortening - of .pin
bottom dlamenter of Wear.,






