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The concept of “Lubr::.cat:.ng Ab:n.l:.'l_;z

: J.he concept°- "Lub:qu.ca’cn.ng A'b:.hty“ of & lubmcan‘c in’ part:.cular of the ‘
-usual lu'bncat:.ng oils_and greases;-has-not been- cleariy deflined yet, anB. there
is'not any clear descr:.ptlon yet of how it can be measured. nwner:.cally Ma.ny
papers, however, have been.published . desor:.blng o:.l-'best:.ng machines which were
,_,_Wis;:gposed t:o serve thls purpose and. Wh:LCh allcw ma:.n]y a’ mechamcal test of ‘
ncan Sy SR

, It is beln.eved that pa.rt frmn chanlcal values, these mecham.cgl tests
i} woul@. makc it poss:.ble to malce compar:.sons -and dzaw conelus:.ons as“lto the
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B opera tional behaviour of ‘liubricants;: The most camprechensive survey of: these.
 methods is given'in the report ontitleli- "Coneral Discussion on Iubrication.
" and Tabricants! (x) " [177 "It is neces saxy o mention this report here becaus
of the.wide range of th AL i R

sources quoted in it

*_..During the last few years the following tests have beoane partioularly
_popular:= The "four<ball mechine" devised by Boerlage, the "SAE" test, the .
VoitInder method | 277 and same others,  'These methods work on the-principle
Tthat a dubricant is put. wndor load between rotating spherical or cylindrical
surfaces, ' The lcad or-the speed is then increased until seizure takes place .
.and the torques ‘and temperatures -ete.- are ‘then measured, - -Others again use -
-slide-blocks . with a plane ‘surface which are pressed against: rotating-disem =~ 7
Sesting the friction values of the lubricant and thé limit loads as ‘wéll'ag the

Lother behaviour of the material.: - But the results of these tests can. only - . -
rarely be applied immediately to practical ‘conditions.  ‘Many methods work on -

‘principles used in the sphere of hydrodynamic fluid friction, others again

prefer-to-use only limit friction and the effects of wear, It is obvious = . _
that this alone my alter the physical-conditions fundamentally. - But in T
practical application one or-the other or both states are already’ established -
by the operational conditions themselves, and the lubricating ability must
prove itself in then. = ThuS e.g. it is Pound that the. muerous ‘bearing test

. machines are in a_'certain'senae_'a'lso"oilﬂtes'ting'mthnés,'-‘ but it is difficult

~to isolate the specific characteristics of the lubricant, since so many other. -

= Whoh woTingin the spherc OF So-called pure Fluid friction, it is found

that. there appears only one physical quantiky _concerning Are-lubricant in the
“hydrodynamic equations which were used to calculate the friction etc,  This 7
=one-physical ‘quantity is the viscosity#, (kg x s/mf), ~ ALl other quantitics
-are’ geometiical ones referring ‘to shaft and bearing, - In order to-carry out -
~the-calculation, it is’ necessary. to asstme - ©° to be constant, - But it is well -
koo that this is. not ‘even remotely correct. "'Thus we can‘only ‘estimate a mean
M ~Vvalue if the curve representing ¥\ as a function of the temperature is x
“known, ~The dimensions of the viscesity-are detcrmined by Newton's. . =~ "+
fundamental equation:~ g =’ ¥, X dv/dy as kg x s/m? inpraotical units, ..
It s measured in the usual way. with a:viseameter, - T .. e R

Though the hydrodynamic method of caléulation has proved tsclf and

though its assumptions-have been confirmed in principle wnder certain conditions,

Tin The last few-years itithecame-vory-doubtrul viiether “the Physical concept of
Viscosity alone - viz, the shearing coefficient - allowed & satisfactory = 0
treatment. of the factors which.characterize lubricating -ability, PFor this
‘quantity is apparently only determined from flow measurements and could not be -

conclusively related to ‘the molecular-physical ‘properties of the lubricant,

Thus new mysterious concepts were coined such as "oiliness", Gnetuosith" ete, -

. ‘and 50 an attempt was made to describe the relationship between viscosity and-
‘pressure in particular, as well as other -observations,.e,g. the fact that 0ils
.of the same.viscosity but of a different chemical constitution may have very. .

- different “ecarrying capaciti", friction coefficients ete, ,l*j L et

" _Recent resveafcﬁ'esv in the field ,.of,P?:&sié&l?diénﬂs’cmf of vm:Lch heré only -

' those made by Debye, Kyropoulos, K.L,Wolf, Hamms,. (3, &, 5; 6] ~and_others are

'~ quoted, leave no doubt thed the chemical structure of thé hydro-carbon groups .
. in question decisively affect their internal friction,” the effect of = . -

temperature and. pressure, but most of all, their cepacity to crientate theme - -

- selves to.a more or less orderly flow, It is -also beyond doubt: that this . .
_internal ‘order of -the molecyles is decisively influenced in ‘the neighbourhood '
of metallic or other surfaces by the free surface forces which extend from them,
The .question is only, fram what proximity these factors become sufficiently . .
effective todistirb or-even destroy” campletely the assumptions ‘which are the

~ basis of the hydrodynamic theory. «To'solve this question is the task of . ‘

-bechnical research, = Physical' chemistry is at_present cngaged in investigating

(x)" The numbers in squarc’brackets |’ irefer to the Bibliography at the end of

‘_.’cliis report,
7:"2 -



the relationship between. ‘the so-called viscosity characteristics and’the . . .

molecular structure, ‘and also’ in exploring -the effects of the surface forces, . )

- Under the assumption that. in thin oil f£ilms' these. effects may became noticeable
fram 1/1000 mn doviwiards, it will be found that ‘this state of the so-called = -

- limiting friction is much, moré"»fréquent",.u:;dgp;{lpraqtical~'_cpnditions;tha.;jr is.

- usually thought, = Assuming that _the cylinder surfaces are absolutely even and oo

- inelastic and ‘the loads not at all high, the clearance for limiting friction

~caleulated by ._t.b_e.I\Vdrodvnmﬁicilaws""wéife?'.:E'a‘.z'.__ narrover with many Journal .o
" -bearings, with.almost all gears, with roller ‘bearings, rolling surfaces, etc.

. than those obtained experiméntally, - This is due to-the fact that the speeds ' -

‘are variable, rounding off is not-as it should be, specific loads are high, ete. "

~-Therefore it is no exaggeration to say .
froquently thay pure fluid friction,

hat: limiting friction occurs more ST

L mhis fact makes it necess]nryto':.rﬁresti“gate»ﬂxat happens in the Fegion ™

- Lof limiting friction 'more-closely, - Tests with journal bearings have been . ..
-started and were reported in the interim Teport No, 71, - .+ oo

;.7 In order to extend the results of the. tests showing the ‘importance of the
canbinations -of shaft; bearing-material and lubricant used and also to explain
especially ‘the ‘effects of -the latter; ~two-further groups_of tests wore made in
the author'slaboratory, vigs=TTo S L S T 5N D

T o L.7 Breakeoff tests on thin oil Pilms, _ . .
. . II, ‘Tests on the lubricating ability of various’

. lubricants for gears, .o R s RO

These' tests are descrl'bed-lnthe fo]low:mg paper:- ‘ '

L breeort vests on otl s, T

(1) " Test amngémeﬁiﬁ “for. the ~;3.:ézt:er"n'i:'.nzi'l;:r;.on -'of—.»'thefb:c"ealéf-dff‘ -
N T PN R " Viscosity, SRR '

. ;The main problem for physical-ehemical-research -at-present is the-
determination of-the adhesive force By vhich the molecular chains of the
_lubricants are held fast on the surfaces; - In order %o solve this problem by
‘means of-technical measuréments or methods, the following test arrangement I

was developed (Fig. 1), =~ -

1

" is put.into an open vessel maintained at constant temperatire in an oilbath .

A'fipiaEe,‘—highiypolis'hed o the surfase (a c‘a;stfst,eel_fl:’%) ("Tuschierplatte™) .

with heating coil. - A-thin film of the lubricant to be tested is put on"the =

polished surface and a 50 mm? polished counter-plate of- the required material
placed upon it, - -This test=plate is suspended from the armm of a decimal :
palance with even distribution of load,  © o . oo
- The test is started by exerting sufficient pressure on the test:plate (b)
to overcome the upthrust of the balance (p), by means of a weight acting . - =
through a lever (e). : On moving the plate slightly to and fro for dne R
minute; under pressure, it will be noticed that it moves.swith increasing =
(difficulty and eventually almost stops with a ‘Jerk, so that it can be Shifted
only by farce~ Then "eontact" between the metal plates and the lubricating -
film is made, Now the weight is quick Lifted-off and the upthrust of the -
balance, . loaded with a certain weight (p), is allowed to act freely on the—
“tost-plater— A certain time passes wntil the upper plate ‘breaks-off, and this™
_ time and also'the balance load are measuied. .The time may vary from a few - -
“iimites up to many hours, according %o the load or the type of the lubricant,:
_(Translai_ior'-s note; .. Breek-off time will also depend on the metal from which
- the test plate is made,) TR e T R
o+ In-spite of the make-shift device it is found that these br_eak-off‘te'st's', .

~when repeated -'ag’_‘;hu“rixdred'ztimes;} ‘give surprisingly Unifom results, = Tet &6
" be the tension in kg/cm® referred to the area of the brealing~off plate and .

1et A be the time in secs, which passes until it breaks Off, then thé formula
is always (fig. 2):=, = . T g S;-[,, R
B L =

;



orie tA = f(.g) = Gonst /o". . 2).
yields: always with- great accuracy a synetr:.aal hyperbola %.en d 1s-‘«c:ha.nged =
(by altering the 1load on the 'balance) -and when the other - experlmentalv
.conditiong: (type of 011 tenpera‘bure, mauerlal of 'bhe break-off' pla'he)
1eft unchanged s e o P o

o Th:Ls :.mportant and ﬁuﬂamental result~a11mfs the uSe of‘ the test
e apparatus.for various: purposes. The follcw:.ng problems were :anesf::.ga'éed
: Aand tested w::.th J.'b'- S - i s e L T T

“'(l) The magna.tude of the oonstants on us:mghcom'b:.na'blons of var::.ous
i materials with the same lubrn.cant , :
( ) The' same: quantlty w:.th the ‘same mater:.als but w:.th var:.ous i
1ubr1can1:s. S . S
{3 ~The influence of - 'temperature. .. : S
lt) - The influence of thc pressure load prev:r.ous]y appaed. IR S
5) Thc :z.nfluence of‘ the na.’cure of the uu:r'face.- v

P

v Th:s 1mportant constant w1l be. called. in this paper always 71 7 end named
"tuae-strength" or breakeoff v::_scos:.ty". . The tests showed that this K
' constant represents a ‘quantity equivalent to that measured by v:.sco»meters,
and the apparatus 1tself ::.s a new klnd of' v:Lscometer oi‘ great simplicity.:

.

The i‘ollom.ng g:.ves a more deta:.led swmazy of ‘ohe kncwledge ga:x.ned.

(2) Comblnat:.ons of’ varlous mater:.als w:_th the- seme’

il TR

—e E : £

lubr:.catlng oil, bt _'; [

J

The follow:.ng cxa.mples w:.ll be selected from the tcsts. Plates of~—
50 mn12 each were broken off from the follomng matermlsk I L ey

T LR

o B S e

Mo, | Material, - .| - mype, i

™

17| Wnitemetal - | W1 80 nomal

—r

2" | Bronzs. (’Rotguss') Unknown, .

: 3 '"Lautal" T S Verelmgto Almn:.mimwerke A. G
o SURREIN I Un:.ted Alwn:.n:.um WorLs Ltd

A -r'Sy“tthetz.c rosin~ | Makorit F¥ (Raschig), Fillor-froe

, -(¥o, 1) - |moulded resin,. Gl E
}-5 ] do, (No, 3). | Gerohlit (Rﬁmmler)w IR IR
-t - e ":ercgular textile’ relni'oro:u.ng. IR I
6 |dos (Mo. &) - Gerohlex (Réuler) '
o L - coarse texture textile, -
7 |dos (No, 6) | "Z " g (Nowack) preqsuré:-moulded. e |
7|8 | ao. (o, 8) | "Geraniex (R&mnler) fire texture. |

Fig. 3 shows the measured valucu ofk& plot qu against 'Ihe load for the
bronze (Rotguss®) plate,”  There arc “clearly no extensw.ve variations in spite
- of. the maKe-shif't 'be t arrangements. : Flg. 4 shows a diagram of the. results.;
They shéw first of 'all. that each material gives a different constant q ‘with
the: same base plate.-._ Var:.at:.ons :.n tempcrature have a 'strong effect.. But



- this.teat result-shows.that apart from the propertiés: of combinations of -

‘verious materials, the condition of the surface has doubtless same effect,
-i,e. the sueface roughness is: important. . All plates were generally. processed.

with the same emery cloth of the finest grain but this does not prove in .
“itself that the degree of roughness is ‘exactly the same,. = When a: given plate -
~was later processed with coarser emery, it was: found “that the viscosity value
‘wag-at once substantially 'redu;c'ed;:l/ Since no-instruments for .the exact: ..~

5 of ‘ e available, test plates were ordered .
. from (Messrs, Carl Zeiss-Jena) who _,rx_ieé./sured,their_degréev -of roughness’ .=
~-accurately by the.interference method. .- These plates will be used as — =
- standards, - It is_fimpor§gnt to settle this problem in order-to determine '
. exactly the effegt of various combinations,. It can.be assumed that the _
+ degree of smoothness-of the surface affects the nuber of. the molecular =
- chains ‘which are bound vertically. to the surface and ‘thus influences:-the degree’
- of resistance offered to breaking-off.  The question whether a more morphous -
surface (Beilby = Iayer) or a.more crystalline layer has a greater adhesive .
- 8trength, is still a matter of great controversy in physico-chemical research,
The best method described here will probably allow these problems to be . R
-approached again successfully; . Surface. conditions and the structure of the .
bulk metal cah, hoitever, hardly Be separated, as in the; processing methods in
‘question the former will always be a function of the latter, LRI

surface.condition were

‘measurement of th

. Still more 'con.cli.zsipnslmay' be drawn from Fig, 2 in wh:.ch_the tensile
- stresses. are plotted against the break-off time. The course of. the hyperbola:’.
shows that the'greater the tensile stresses the shorter the break-off times, -

' Theorebically the *ime 0 would correspond -to & =m0, . For reasons of -~ - .
- equilibrium, however, these tcnsile-stresses must affect both the.surface of . .
the material ond the oil film,' -In other words:~ when short break-off times
arc kinematically detcrmined, break-off stresses may occur to.such an: extent that
theymay cause - particularly if recurring frequently - fatigue breakages of the
surface particles, and my lead to destruction of the surface. . Such conditions
present themselves e.g, with tooth profiles at the pitch circle where there is
© pure rolling motion, and with rolling curves, etc.  This would explain in a’
- novel but not at all improbable. way the ‘occurrence of the so-called pitting,
which, as already frequently supposed, depend upon the presence of a lubricating
layer.~ Such causes may perhaps account for same corrosion phencmena, T
~ Since contact is made only after the surfaces have been previously pressed . .
against each other, this would amount to an slternating tension - pressure
strain of the material to which brittle, cxystalline materials yield hore

~easily than highly eila:;t’ic.;o_r__;_plasﬁj.‘g'pne‘s!‘ Ny =
E . (3) Combirabion of the seme bresk-off plate =

T with various lubricating oils..

. Using a circular and carefully polished break-off plate of 50 rm diameter
made fran St,38, the following lubricating oils Were examined in order to find - -
. out their R, wvaluest~ o - S v T Ty



. Table T of tested lubritents. (01l teblo),

R R S T

| Condition of Lubricant at’

‘No. | Gode name in Research |  Supplier and Name on of Lubrica
S Repork, \ - Rom Temperature, - - |

] of Lubricant given |

Ja | owwa | Rnenania Ossag | Clear yellov oil of 1ow |

1ow viscosity,

2| 013 | I.c.Farbeniniustrio | Olear darkbromoilof |

350 eite | I.C.Farbenindustrie /Clear red-brown oil of

boof~ 01D - 7l I.G,Farbenindustrie - ~+Cloudy yellow~brown oil
e e e OV ITT— | with a viscosity higher | -
s e e A B [ S rscally g
o AYBand Gy o T

. .
ol =

15 | oz | LoFerbenindwtric | Glear honey colowed oil. 1
' ' 'of'oil';D.:‘ S AT U A

|

6 ~ v 0ilF . | I,GFarbenindustrie | Clear yellow-brown oil of
B R 0011V . .| very high viscosity and of
T | - = _ % glue-like consistenqy, - |
' . (Great adhesive effect,) |
The 0il can be drawn out
into long fibres, o

[

70 oilmy I.G.Farbenindustrie | Appearance and behaviour
R - ~oilvr ¢ | similar to oil F, but of
, B RS "‘considerably higher

— e B ¢ . | viscosity, - '

27,

‘01l A is the standard oiT B C 8 of "Rifenania-Ossag" which is always used
in the laboratory. Its viscosity-temperature curve was repeatedly detemined by
‘viscaneters. (fig. 5). VWhen the measured values of the break-off viscosity ¥ _ |
are plotted against the temperature the result is, as shown in fig, 6. The 2
squivalence between the two dagrams is very obvious. . On plotting one ratio

¥ =% /0 & straight line is obtained vhich, is parailel to the temperature
-axis, i.eMis independent of temperature and--represents: the constant conversion -
factor for a certain oil,  With this constant conversion factor we can determine
the K, = t, curve from the. R curve,. In other words:~ . the factar ¥ only affects
the measurement. . The ‘same Viscosity-curve may be plotted by using both scales, -
e.g. as shown in fig, 8 for oil A, Lo e T e e
The position of the points four‘zd by the { , measurements agree very well.
indeed with the 0ld viscosity measurements, anf 'so prove that the apparatus ,
deseribed here is a correctly working viscometer,  In order to make a camparison,
Tig. 9 shows, the same representation for 0il V,——The % cwrve was placed at our
~ disposal by the oil laberatory of the I.G,Farbenindustrie A,G.", Armonia Works -
Merseburg, Director Dr. Zorn, The accuracy of the break-off method is clearly - -
proved by it, It is impossible to foresec yet what advantages in-future - :
viscosity measurements will generally result from this fact, , It is enough to
think only of the difficulty of viscometer measurements at low and very high™ -

<

| temperatures!-.
Fig. 10 campares the % values for 22° with the Y values for oils where .
oil A is taken as unity, - Fram this again we discover that oils of a different

—



u.hemlcal ‘Structire haveV values, 16 L f-‘v_elues wh:.ch need. not be at: all
‘related to each other in'the same way. as %he’“'nﬁ; values, : The Same- oonstant
éonversion factor: ¥ applles to N and Ny, for each’ 011, ‘butdit is a.lfferen# for
“emch different oil, . This'Fact proves clea.rly ‘that’ thé usual % valus,
de’cemned. in’ cap:.llazy flow: ‘tests, ‘does not at all describe _TI_E phys:.cal factor
which charac’cerizes the 0il clearly but that there must be still others. & . -
depénding on the molecular structure- wiu.ch haVe same: 1nfluence. If this were
no:b_so, the- cmnpera.son of 7| values shculd g:.ve the same fac'bor as canpanson
of‘n 2 values. : o ’ e R ‘ :

The ¥ values of 'bhe tested o:l.ls sre shown in the follovang table-- o

011.-, g A N E . Fl
568 1-63~ g 1-00-““1-36 l-SA _13-;5 975 x :105

or arranged aOcordJ.ng to the magm.‘cude of' o] o
Ol A € . D g g Fl 7r: F
04568 1000 1-36' CLesk 1-63 9 75 15 5

The d:.mens:.onless coeff':.c:.ent V shall flrst ’be used as a "qual:.’cy
_faeﬁsor"~——--~-\‘lhen “tve” o:.ls “aFe arra.nged according ‘bo the:.r q value at’ 30° we -
haves= , . , : ]

0:.1’- A c B D E F F% “ _; Se e L

‘The sequence is thus dlfferent fram that of the V values. '\ values at
5o°c give the same order, . When Oil A was ‘taken as unity it can be seen that
the relative values are mutually displaced a little, since each oil is AR
dssociated with a different function of M ='f (%), It remains to be seen .
if* there is anothcr, and at any. rate more ccmpllcated f‘unct:.on and’ relat:.onsh:.p
between they and M velues] ' Since the two guantities N - and R, and thus
also the Value, are conditioned at any rate by the'molecular: structure of -
“the 0ils, their imer. ‘relationship can be explained only from this angle.
Th1s sca.le of V values will be returned to latcr. o , o

(l;.) Influence of. the temvemture.,’

e e

, As. mcnt:y.oned above, 'l:he rela’c:.on 'between the break-off Vlscos1ty Ny, and.
' ’temperatvre is the same-as for the normal v:.scos:.ty"’( . It decreases with
" rising temperature.. -The law 0'x % My, = constant remains valid for each
-temperature, keeping in mind the fact th&t for each oil ther'alue B qz / nt
: rema:.ns constant and 1ndependent of the tempemmrre' L '

Sy

( 5) InfluenCe “of the contact pressure. '

- In carrying ou’c the break-off tes’cs, it was found that the measurements
were the more uniform the longer the initial pressure, which serves to bring
about the final “contact",~was applied. -Since the break-off process was & _
function of tlme., it may be assumed that the app_roach during the contact pressure
is also a function of time.  Therefors; different 'break-off times will- result
from different times of "contact pressure" This is'c.g. clearly showm by
‘fig. 1L where the break-off times t,1 are plotted against the times of coritact
pressure tgl, The 0il'B of table I was' broken off with a steel plate at a’

. tanperature of 21° and with a contact pressure of 10 kg, .~ The diagram proves
that after a certain time of contact pressure’ the curve of the ‘break=-of £ times
becames asymptatic, and thus after this time the- final contact is madio,
- This occurs earlier or later according to the magnitude of contact pressure
“(fig, 12). - Times which exceed the "point of: con‘bact" have no pract:.cal v
- of'fect on the break-—off process. - , .

Vhen the various t:mles of contact-pressure tdl wh:.ch are assocla‘bed with -
the various break-off t:.mes » -are plotted against the contact pressyre FPal (kg) .
<all the curves obtained are hyperbolas (flg. 13) : Thu., a “contact-pressm'e '

=



-.-"szscor'w ty" 7\ dl can’ be determ:.ned from the lawd % tgl -consiant -'1 41 :'m
exactly the- same Way ‘as was' ~done dnrz.ng the break-off tests ‘and this" "ccntact

- pressure-viscobity"- therefore gives a' constant wlue for each load (fig, 111.)

- That leads to 'the conclusion that: dur:mg the: appl:.catlcn of the contact pressure
 the: ::.ntramolecular process is: subaect to the same laws: aB: dur.mg the! brea.k:.ng ofi‘.‘
’ ' In other words’ the "mater::.al" oil behaves ‘the same in thin layers under: e:.ther :
.. bension or compress:.on ‘load; ' " But'the values n 1 andv\ liare = at the sams

: temperature ‘of" 21° -not nwner:.callly equal as. shcwn in-fige 15, (Notlce the
“/“scaleés!) ’ The Wy 51 - values arc alwiys larger than B zl: ~they increase.at: a.

o qu:;.clcer rate anft‘ enc'l to 1nf1n:.ty, wh:l.lst thc )]Zl Valuc revna:.ns constant.

It would of‘ course be most’ :.ntcrest:.ng o rela.tc the break-off -or contact
‘pressure forces to'the distance apa.st of ‘the plates at ‘any moment, and so. o'bta:.n
‘a sort of pressure-tension diagram, - But it is very difficult to measure ‘the * -
distance, ‘between . the plates accurately because of the minute &1stances 1nvol\red.;
-'(2 4+ and 1ess) Fig. 16 shows results from 8. rough orthotest =

In this test the increase of the d::.stance of the plates :LB plotted against
the time and a _parabolic function secms to be cbtained. It is intended t0 moke -
. further tests on a larger scale with. improved. measurlng instruments. It would .
be of great importance to find out if results analogous . to- those of crecp D e
tests on metal rods could be observed, eéspecially at higher +temperatures, This .-
would support the theories advanced by Debye and others-a'bout the quasi-
oxystalhne structure of nscous l:.qulds : . v

(6) Influence of tne cond:Lt:Lon of~the surface.; e

It vms ment:.oned 1n Section I that ‘the break-off force decrease... with
increasing roughness of the surface, It was not possible to carry out exact =
measurements,  Schmaltz f’l_l quoted the methdds which are aVa:Llable up to ‘the
present.in full and they can be found there, Accurate optical measurements
e:g by the interference method, can only be obtained drith a surface roughness
-greater than about 2 A, There was no evidence available that the o
.instruments, devcloped by the Americans for the so-called "Superf‘:.nlsh" process —
“and based . on a stylus system, really cnable measurcment of a roughness. below -
one A, Tests in Germany did not prove that the smallest size of the feelcr '
points which both cause and are susceptible to changes of form, copy the surface-
more accurately than -the interfercnce method, ,All these mothods reproduce
merely a small strip, - Only a very wiform d:.str:.but:.on of ‘uneven spots would -
allow conclusions to be drawn regarding the vhole surface, Tests will be made
in this direction, A really accurate knowledge of the surface structure -can -
probab]y only be obtained by using clectron~optics, - This line of 1nvest1gatlon
is pursued by the institutes of vhysical chemistry, . They are pa.rt:r.cularly
engaged in solving the question.of whether therc are si~-anorphous surface
characteristics similar to the Beilby-layer, Finch %l] and other research
workers believe that they have found such characteristics. Furthermore, [y
research is undertaken to find out if in th:.s case they are :.mportant for the
adhes%xon effect of lubr:.cants. R . - o

. Anyhcw the test methods described allow already the car:cyz.ng out of
comparative measuren ents for fechnical purposes, . -Those interested are therefore .
requested to send, as required, sample-plates made and processed  accoring to
the various methods in crder to have the break-off viscosity determined 'by ,
means of & reference oil or for certain lubricating oils. The example in the.
following chapter shows that there is a relatlonshlp between such a- measu.ranent

,and the practlcal ‘state of 1ubrlcat10n

/

- IT, Tests on the Lubr:.cat:m;r Ablﬂ

N

of Varlous Lubr:.cants on Gears.

The lubr:.cat:.ng ab:.hty of any. lubncant must affect the fr:.ctlon f‘orces ‘
Wthh occur on cyl:.na.r:.cal rolling and. sl:Ld:Lng surfaces dur:mg 1ubr:|.cated mctn.on
. o T T . = .



~and these offects can be investigated if they can be measured directly. —In the
. case of ;the ‘continuous sliding motign of & bearing this 18 relatively easy.
. This has been initially achieved with/gears by means of the test-arrangement
~.developed ‘in the author's laboratory under closést approach to practical ' -
- oonditions, ds reported by G. Dietrich (8) . 'In this paper the behaviour of
various’ lubricants was investigated for a certain pair of gears.. - :Because.of .. .
- uneven load distribution.ons. tooth-flark carries the load alone for a relatively-
“long time, and therefore the magnibydeiof the friction tangential to the tooth~
flank c ould be reliably determined,” T ¢ pscillogram obtained is shovn in— =
#ig, 17 (No, 26 of Dicbrich's Teport)i ot e SO T

- - Based on_these results,’ the tests Were now cxtended to a larger number of _
—.gear-oils and greases, " It is well known that the various-oil fims mamifacture
special high pressure oils or greases which meet the demends of ‘gears better,
and guarantee, in particular, a better prptection‘against-'cxc‘:essi_ve'wea;r‘. R
~=The substances tested arc shown-in.table II; _they -consist of a group of . -
pure oils (the same as in Part I) and gredses, The first oil is the standard "
‘"Rhenania-Ossag" B C '8, generally used in the laboratory, . The oils B to FL.
werc kindly given by the_oil research laboratory to the I.G.. Farbenindustrie, A.G."
-Ammonia Works, Mcrseburg, Director Dr. Zorn, . ‘They are a series of high molecular
‘weight-Hydro-carbon oils _vhich were developed for speci%l purposes and samé have
- & very high viscosity. = The greases are products of. Rhenania-Ossag, made by,
~ ‘he uswal saponification method, - They-are the- standard camercial types.
. manufactured for use.with gears, I would like here %o express my thanks to-both:

fims for their readiness to help us in this matter, -

~={ - Course’of the frictional force and of the normal. force, = Pair of w4
gears 1/23,  Speed 75.7.p.m.

AT

Fig. 27:- Oscillogram 26, Frictiomal farce independsnt of the relative EE
- yzigliding velocity of thtijflmka_at,_a:J.m_-_ioila-.visces;f.ﬂ__,(f,’;,‘;l{)f;@ggl, *WL‘

-0i1 F. - ‘Temperature 80°C;

(1) ‘Test arrangement and method. . -

R——

./ VWhilst Dietrich always worked with Mimmersion lubrication®, the method =
used here was "metered" lubrication as follows:~ - First the test gears are . .
carefully cleaned and then a certain quantity of lubricant applied with a brusch,:
1 ccand 5 cc at a tim& - All teeth were painted over several times unbil it
could be assumed that the required quantity wasvevenlty distributed,  The gears
were then turned several times by hand and then driven as‘ described in Dietrich's ..
paper. . 2 speéds (n = 100 r,p.m, and n = 500 r.p.m. ). and 2-1%ads (forques of
280 or 120 an kg correspondingto N=039aw 0.B35h,p.) were used. . The test-gears
" came from 2,F," Friedrichshafen, gear poir 1/23 finished by the Maag grinding. ..
- processy (See [8] ), e ST T I

t PN T . g e, 3 .
The run wes- recorded by the oscillograph and constantly observed until-——
© campared with the initial state - a cleanxzchangeyrives"Erictionalys ~‘:"T“f"'"‘bw&u1,._:_;wu -
be-seen, 'Previous experiments with degreased dry flanks showed even aftara™
few revolutions under losd the begimning of frictionsl oxidation by distirict
rust-brovn stripes, - It is interesting to note that the region of the pitche
circle is not affected, as 'is clearly shown in fig, 18, ~ Therefore it may be
-said that _f‘rictiqnalﬂ/cx‘idati_op;;dccursj'pnly in’conjunction with sliding friction,

7+ The oscillogram shows the beginning of frictional oxidation, 3,6, dry -
friction,, very clearly by the appearance of large deflections (frictional juups).
On applying o measured amount -of lubricant as described ‘above, and running the
gears for a fixed mumber of minutes, 2 characteristic running times could be .
defined, viz:= the time when:= 7" . S '

Eag'utl;xe'first frictional jump occured (point Ry.) e
~ (b) frictional jumps were noticcable on almost-tall flarks. (point Rop)
-, ‘Since the individusl flanks are processed in a slightly different way, the
' frictional oxidation characteristics-are not only recorded by the oscillogran

- 0w



bu’c arc also cleazﬂ.y v:u.s:.blc
J.nd:.w.dual 'beeth and. ’chen on all. :

”the Flanks then _
F:.g 18 shmva=h

"‘eIVes,

» II. J‘.

Tabie of Iubricants bested

at fa.rst only on : _"

“|-No. .|

Oode name :m Research

Report

8 \glven Tthe f:.m

Suppl:Ler and Name

T R )il 3 :]Rhenan:.a-Ossa.g
N : B C.-8-
il B R I G. Farben:.ndustrie
SANERY i : 011 I
R N o:i.:l}"(:w I G Farben:ndustne ,Clcar re&-'brawn oil of lbw
L # o 011~II iy msws:.ty. Dy ., :
k. I.G, Farbem.ndustne cloudy yellcw-brown o:.l of
BROEE e ' : '05,1?_111_, R I higher viscosity 'hhan 'hhe
R P S AR '0118 A, B and Co " o
5 1. G.Farbem.naustrie Clear honey-yellaw 011. R
. S Oil v’ Viscosity higher than that
L RN LR ~of* 0il Dy :
6 0il F . I.LT .Ia::ben:.ndus’cne 'Clear yellcw—'broxm o:.l oi‘
AR o A 0:.1 V . Vezyiuglz_nscosity—an/d
B} —t-glue-like consistency, -+
- . ?éreat ‘adhesive cffect),
. - | The-oil can be draim out,
: o T :r.nto long fibres, - N
X . I
T 0il Fy 1. G.Far'ben:.ndustne This 0il looks like'shd is |
‘ T S 0i1 VI gimilar to oil F, Its "
Lo- —— | viscosity; howevet, is con-
HT — | siderably mgher. . ‘
8 Grease G /Rhenania-Ossag . - 'Biack grease of medmn cons |~
o : : Shell Ambroleun 7| sistency, Particular
S e | property:- It adheres very
AR X - | badly to polished metal .. |
o : surfaces. The .internal. co-, .
: 4 v . ‘| hesion of the grledse par-_ |-
= RV =N & | ticles is very gotd. The o |-
R B ' 'grease can be drmm out intg
9 Grease H - Rhenania~-Ossag — = ‘Red gredse of mediwm cons:.s-
S \ Shell High pressura teney,. - This grease carl be
N 1ubmco.nt raw, | applied to the tooth fianks
R very well: “Poor. _interhal 7
. | cohesioni The gredse cannot
— .| be drawm ot into filres,
J%O .. Grease J 3 Rhemnm—Ossag_’“ - | Sweet smelhng black grease
R s “Shell Grease FD 16 .| of low cotisistency.  Already}.
' frcm Shell Mex. =~ lat rom tmlperature a liquid|
X " . |phase appears, The internall’
- cohesion is, appromately“” -
- | similar to that of Grease B.}
. ‘ (th:.s "BY night be a print=
] SRS Dl J_ing mistake Translator .
1 CGpease X | Bhetaniagecns | Iight-brown "drey grease -of
11 Grgase_K o Rhenamfa-(?s‘sag = %}ghher "%"inigﬁ% It can'be :
- - ‘and be applied to the fla.nks '
: 5 - = 'better than grease G but not--

so well as’ grease H and greasc



v 'l‘he results of. such a. ser:Les of tests are gLVen below viz:- for
Mmotered lubfication" ‘of lcc. and: speeds of n=100 or n=500 r.p.m. resPectively e
“with ‘the corresponding output given in the: prev:.ous section, . Figi 19 and 20 g:nre,;
-the results diagrammatically: . The result.is most 1nterest1ng. A clear: S
_ Mefficiency-scale" of the 1nd1vldua1 lubr:.can‘bs ig obtained, espec:.ally in the
‘casc of the Ry, points (lower colunmns),  The fast-that the saponified greases
“are inferior 0 the pure C-H-oils is parblctﬂarly characteristic. It is. qu:.te
poss:L'Ble to make reliable gbservations, since.a cons:.derable ‘fimber of - ma.nu‘bes
elapse, before the first or all the. fr:.ctlonal ‘Jumps -oceur.,, Th:n.s"is shown | 1n
“the oscz.llograms fig, 21-24. Fig. 21 represents the fr:.ct:.on diagram with *
-imnersion lubmcatlon, Wiz:- -with a continual renewal of oil.. Fig 228hows
“the gtate after o run of 2 minutes, - No difference can be observed « The- first
ifrictional jumps (Rg, = poirit) appear after-a’ 20 minutes' run in’ fig. 23, the .
general frictional o}cldat:.on (large deflect:z.ons) ‘after 35 minutes are: g:.ven in-
fig: -2k, . The diagrams of _the runs were recorded with the standard oil A, g
‘The osc:.llograms 25-27 show in~contrast how quickly the saponlfied greases are
. usecd- up due. to ‘bhe .;queez:.ng effect caused by the meshn.ng of ’che teeth :

The in::.‘alal smoothness of 'l:he fric’c:.on-osca.llatlon d:.sappea.rs a.f‘aer on]y =
-one minute! ~ After only 3 minutes' run a_very fluctuating friction graph is
~obtained with vexy big deflections, - In contrast to this. the hlghly viscous
. oil Fgives a very smooth graph (f‘:.g. 28<30),  Even after 15 or 45 minutes'.
~ run the small overhead oscillations caused by the surface: roughness of the tooth
_.flanks arc smoothed out almost completely. ~ After 2 minutes ! run even the
kinematic ground oscillations are still campletely suppressed. . The wheels run.
.“here W:Lthout malking the sllghtest n01se§ _ These oscillograms were taken with
5 ce. “'netered quantlty", i.es with a layer th:.ckness of approximately Oe5 m,’
With a decreasing thickness of the layer<(I cc = Orl mm thickness of the layer)
8 the smooth:.ng effcct can st:.ll be observed after 2 minutes- (f:.g. 31). L

When 'the tested lubr:l.can‘cs are arranged in order of ef'feetlve la.fe, :
s‘oar’c:.ng, frcn the maxmm, the follovn.ng order is ob an.ned-- _

- o:tls-- I"EBD CA - L T

' . Greases:= JKHG O L I

L accordlng 46 the v1scos:d:y"[at 20°-- L

Oils:- ~ FE D B C A ,

(‘l‘he grcases are an:l.t’ced smnce a canparat:.ve v:.scosrby ﬂeasurenent wa., not
possible).. Thus the viscosity scale corresponds approximately to that of the
efficiency scale except_ for the order BD C or D B C.  The mutual relation of -

- these-values.becomes clear vhen.as in fig. 32 both the viscosity ~ and the life -

- values are referred to those of 0il A as unity, and then compared,. It can be ‘
seen. then that there are e.g. considcrable numerical differences between the ™
relative | values of 0ilS™D, C and B'but that there are only smell differences .
between their %  values (= effec'b:we life values.relative %0 Oil A), . This
.makes it clear. tha'b the viscosity is not the only criterion for good = -
lubrication,  This becomes strikingly apparent vhen the real magnitude of the
frlot:.onal force tangential to the tooth flank is obtained from the - .
oscil¥agrams of the different 0ils,  under similar test conditions.: -The
oscillograms from tests carried out with.n = 100 ¥,pim. and with 1 or 5 cc :
"metered" oil quantity were ‘taken after a 2 n;.nutes' run, (fig. 21 and f:.g.22) .
and the values of the average maximun frictional deflection read off (see flg.l?

.above), . Diagram 33 shows the results. It -appears that .the viscous oils -
show the smallest, and the fluid oils the greatest, deflectian, Exactly the

—_ ppposa,tc—result_ should be obta.lned according to the hydrodynamic theory, i.e,
the friction uhould increase with the viscosity. This seems to-be. usually

- -locked upom as a sort of "damping® of .the frictional throws because of- the -

_-higher viscosity,  Sincc, however, the kinematic conditions are not changed -
this concept loses:its physical meaning. - Only ‘the internal molecular structure

- of the lubricants.has any effect-here, The more - fluid uhc 011, the narrower :
the gap, and - the more apparent the boxmdaxy effects. I EE .

i




Dletnch's paper f8_] 'by the Way, conta:.ns smllar observatlons (pa.ge 25)
He found that tne fr:.ctlon-coefﬁclents mcrease m.th temperatm'e. ooy —— S

: Th:.s corresponds to a reauctz.on of no:.se in the* case of the more nscous -
o:.ls. “The whoels run a]mos‘b ‘noisclessly with oil Fy . Tlus—agam conf:.ms T

the Pelation ’ochveen frictional deflection and noise produced;- ‘pointed out-in .

Dietrich's paper. : F:.ml]y the relation between the relative. break-off v:.scosity

(V values), dctem:.ned in Part I of -this report; and the § values (relative life)

will be 1nvest1ga.tcd - I% may reasonably be asSumed ‘that there is & relat:.onshlp -

“between the two, as; accord:mg to “the theory’ adv“.nced, 4in this report “they.both '

depend upon the 'nolecular cond:.’c:.ons ‘which’ ocour in ‘the ‘region of limiting . . _

friction, ' Exact- quant:.tat:x.ve laws are, of: course, -only. possiblec-as a result of

accura.‘be data, - Various mathenatical_hypotheses: have shown: up to now, that there

' is ‘a_relation between the &  volues: (relat:.ve life) and YA .~ Fig. 3k compares

. the. £ ‘Values for the various oils with \/91. - The apperent regularity is. - .

- anyhow noteworthy as a qualltat:.ve companson. ;- If this were ﬁmdamen'be.lly g0,

i.e. quantitatively, this would mean that by a s:.mple detemnation of the -+

~ break-of'f v:r.scos:.ty a' comparable evaiua‘c:.onx of- the efficiency or of the life of

the oils, i.é. their “lubricating a'b:Ll:.ty" would irmediately be obtained for

" gears tested under the operational conditicons above. It should be remembered

“that in Park I of the report the value Yn, /ans detecmned as a constant wh:.ch

applles to.a certa:.n 011 at e.ll temperatures.

swhuy, T

- New test-nethods have shcwn that h:.therto unlmown techmcal propertles of
lubricants ‘could also be determined by consideration of technical gquantities
fron & molecular physical viewpoint; One of them is the concept of “break-off’
v:.gcos:.ty", and together with the "break~off nethod" used in its determination’
"it is leading to very good results, = For: runiing gears there is also'sa com= -
perat:.ve rethod of d.etem:.m.ng the eff:.c:.ency or the effective life of the
various lubricants, - There is probably a ‘close connection betiween the two
' methods, and thcy will alow a _qual:.ta.t:.vely comparable :mterpretat:.on ofithe -
lubncatxng a.bi‘.l.‘ity - , R

Further tests mll show whether ﬁmse results are appl:.ca‘ble also to other
sl:.dinrr Swrfaces which work in thc reg:.on of hutzng f‘r::.ctlon (plston-inctlon,
plain bear:.ngs, _etc.) . . o | b
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Flg 1., " D:.agramoft'«.ebreak-off device.

“,F:-g. 2. Cwve, .

F:Lg. ‘3.;. frrCurve (Bronze/oast Steel)

':F:.g. 4. .':T:une strengths'] for vanous na..emls 011 B c 8
 P1gs‘5, 6, 7 Curves.,r - | |
"Flg. f.B i _011 .A. (Cuz'Ve)
Pig. 10 Rcferrecl‘co il A 25 unity (Curve).

Flg.ll. - Cur.ve .

F:.g,a.lZz and 11;.. : Gurves.
. FJ—G- 150 - 'CurVe.v » -

Fig.16,  Vaviation of break-off tine with demess of oil film’
g ._011 I, 5t 57.11 / Stg. _ SR

F:;,g.l?. 0‘%0111051‘&1“1 26
Fig.18a.) | :
‘Fig.168b, Pnotbgmphs_.
FigdBe) o
Fig.19, ~ n = 100 (gragh).
‘Fig.20, '.T'n - 500 (mph) |
Eig. 21, __-’Rmming dlagram nth":.mnersz.on 1ubnmtz.on" .

| Fig. 22 : Runn:.ng dlagram W:Lth 1 ce "metered 1ubn<nt10n“
B ’I‘:.me. 2 m:.nutes.

| Pig.23. Start of f'r:.ctlonal axldat:.on (po:.nt R°1)
L Record after 20 m.nutes' run.

’.Fig,,éh-.' ‘Progress:.ve grlgtlonal m&a’cibn. ‘i’ime:- 35ﬂ‘mir.mteS' run.
 Fig.25., Record of the beginning of the rum,
Fig;26. - Récord raftéi- a run of ane D'inute; ~

- Fig,27. Record after a’ Tun of 3 m,nu‘ces.
‘ F:.g.28. "Record after 2 mnutcs' Tun,
Fig. 29, .Rccoz\'l after 15 m:.nutes' nm. .

Fig.30, Rccora ai‘ter a run of k5 m.mrbes.



Fig. 31, ,Quant:.ty of‘ Lubr:i.cant 1 cc. S
Yoo Operational conditions as a'boma. .
- Record after 2 minutes! rune oo :
(The d;agram shows the osc:u.lla.t:.ons 1n a contracted 'fo;m).

“Fig. 35 Graph,






