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Theathors constructed several oiliness testers; and meas-

ured the:oiliness:of:various kinds of ‘mineral and fatty oil "
witli the object to establish a 'simple method of testing oil-
ness T T TR e T e i o e i

R S Thsmohinaconstructed were two special four ball
oiliness.testers.and a pendulum oiliness tester, and the

latter was’ the most suitable for ‘Toutine testing.

2..° Ths numerical values of the coefficients of friction
of the same lubricating oil obtained from different ma-
chines were not thé same, but from the relations between
the values obtained by each machine, we could determine
the ‘0iliness of-a sample 0il by one_of the machines.

3. 7 In the case of well:refined mineral oils there was

a rough’ parallelisno between.the coefficients of fric-.

.tion and their viscosities. ' - S s

L.  The coeffiocients of friotion of fatty oils had in- -

- timate relations to their aoid values -as well as their
= viscosities. i

™ . TRYKOIGCPICK

In.the zone fiuid £ilm lubrication, the nost effective property of oil, in lu-
arication i1s the wviscosity and in the boundary condition, it is the oilinoss
5>t oll. ' The lubrication oonditions of the aero engines and other machines had
become more and more severe, especially in regard to the master rod bearing,
and the oilineas of ludtricating oil had become tho most important factor. :
Therefore, it was necessary to establish a aimple and ‘proper method of deter-
- 1t. Many reports about various types of oilicess testers are fouad in

" the literature -- atatic, and kinetic friotion tester, point and line contact
type, for example, Deeley machine, Ref. (1) Timken machine, Kef. (2) four
ball machine, Ref. (3) pendulum machine, Ref. (4). From 1933 to 1934 we con-
structed some speclal types of oiliness testor referring to the literature
with the objeot of obtaining %he moat simple and proper oiliness tester.

Al D DE3CR ON3
A The Test Apparatus nnd Test Procedurs

1.  Your %;; Tester A. It consists of threoe steol balls (dia §
inoh) Yy pac 2 a oil oup and a rolladle baull (dia l inch) on
the former, such as the one construoted first by O, Bocok w=ith 'the

objsot of testing high pressure lubricants. The schematio viow of
the apparatus $s shown in Figure 1(B)3O.

B, G, D. are packed dalls, A i3 a rolladle ball to which o welght
.oarrying body R 18 sttached, ¥ 13 & mechanisal devics to oirouiaste

the oll, J 18 & hoater and G is a hook for direct measurezent of the
-friotions) resistance.

P E!‘%E" &uu?gtvog the §r}eqocu! resintnnas: The lower
pare o o apparatus Iu revolv ¥y 8 20t0r at A aonstant velo~
oity, and the friotion is neasured »ith a ofrme balance or by
‘mans of a string dalarice devico~shomn {n Pilgure 2{B)J0, the

caloulatioa priceiple 18 a3 follo.u:
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From the balance of force-a

W e

S — e ) L IR . et g
sing sin(r-927 2 T sing
‘From the tulance of force at point B,

b,

RESTRICTED:

Fa'asing i i coeeaeen(2)
Fron. (15, (2) . »
F':Wsinag-.- ,WSlng - \L\/‘j'ane_ W

i __'_ .(3).
F4 [ne— |2 :

sin® ~2sinfcos? 2, 2
£ is the force or‘rrictiqn,' w is ‘thé weight.-

Measurement of the: coefficient of friction by means of
damped revoiutlon (deceleration method}:- -The lower part o the
apparatus is revolved by a motor a gradually increasing velo-
city, the upper part is revolved with the lower one, and the '
latter is stopped, then the former begins to revolve at a de-~
oreasing velooity. The revolution velocity (deceleration
ratio) is measured by means. of a strobosoopic device..

The oaiculatloiprlﬁci‘x‘:lé 48 as x'ﬂ'o;lqu.'s‘:"

It is assumed that .
£ : the force: of friction, -

Y.: the distance between the point of aotion of the fric-
tion force and the revolution axis,

I : the Mt of inertia of the revolvicg bdbody,
w: the angular vuoﬁity,
t : the time of revolution.
FY= Ig‘f cesvocncsasssil)
If o is assumed to be the revolutions Der unit time,
F.Y = ZnI% sevecarssel’)

Assume £'-t0-bs-the. total-pressure.at.the.point. of coatact and
the ocoeffiolent of friotion, and then

F :/‘F oo.ouocoo..oof:{‘b)

2£.9 .43 ssguned 30.be the angle betwasn the straight line,
oconpeoting the cecater of the upper boll snd mt"’ot"oao“'o?'”‘thr
loser balls, und a plans reotangular to the revolution axis,
and ¥ 2o bo the mass of the upper body, § tO be gravity cone-
atant, ey e - B e e e - C

F'= %(71 :
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EWCLOSURE: (B30

2. Four. Ball® Téater.B. The construction of the main parts is the
same as the 10 ester A, but the weight is applied by means

‘ ur
of a lever and it is suited for the measurement of so~-called film .

rupture streagth. The schematic view of the apparatus is shown in

Figure 3(3)30.

a. Direct measurement or the coeffiocient of friction: The
plug X and the plate L are Temoved,. the upper part 1s revolved,
and weight F is dpplied, the foroce of friction is measured by
means of a hook G and a -spring balance., E is a ball bearing
device to decrease undesirable friction. ’

b. . Measurement of the f£ilm ruFu.re atreggth: . The plug K and
the plate L are placec position, and the upper part 1is re-
volved and weight P Ia gradually increased until the film rup-
ture oocurs. P e

3.  Pendulum Oiliness Tester. The pendulum oiliness tester is one .
of the most s g [ e various friction testers and T. E. Stanton,
J. W. Donaldson ) used this. .e made some devices for shortening
the pepdulum stem, as shown in Figure 4(B)30. The upper test pleces
were stesl balls ldia. 4 inch), und the lower was steel, white metal,
or Cu-Pb alloy. g?a calculation method was mathematically derived
by 8. mopouloa( and 1s us follows:

Y22 ACOSD. ' COSKypy ~ CoS Ky
445 Y Uy Fo0) + Esin 8&y, — g 5in QoG- 2€05Ty SN0,

/4 tho coeffiolent of friction
e, )h: shown in Figure 5(B)30.
dly.dn., : the amplitude of Yth, Y+ith oscillations.

In the present experiasat, Ly —(Cy+| 0.0135 radian, and the follom-
ing equation wus puouuhy satisfactory:

= 90X {Ky ~Kpel)
Resuits:

We messured the olliness of varfous kinds of alseral and ratty oils.
vﬂﬁ:glul snd ohemical properties and the tost results are suzsarized
s 4 A A A A A .

p 441 [P

The measuring conditions are shown in Table II(D))O. The folloming
generel viewd could de deduced, fros the above experiment.

v
e

3. — 81 The graphionl repre-
sentations o re onp bstwosn the ollinens (Coef. of friotion
and £iln rupture strength) and the viscoeltly are given in Figure 6
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{B)30," 7(B)30. and 8(3)30 I
‘tion: between oil:lneas and' the viscosit
a curve, and that' of: taf.ty ‘olls of:L
‘on ‘a’curve’ 1y1ng in‘the”zone of ghi i 0.
The fatty oils of hish acid value:were far- better An’ ouiness
were:plotted’ but ‘they did:not: ‘fallop the mxrve “for low-aoid ratty
o0ils.  If we get: these curves, the ciliness of any-oil will be:esti-
mated from the: displacement of the point for: the oll: rrom'th
An Ave:rago or 3 or. h determination would b ’required g

2. . Comy 1son or the Data Obtuined Frcm—Each Maohine.- The numeri-
. cal values of the coefflclient of frictlon of .the same lubricating
0il obtained from different machines (or from different procedures,
at different conditions, with different test pieces) were not the.
- same, but.a rough parallel relation wus.present as shown in Figure
7(8)30 and-8(B)30,. that is to say, an oll which had good oiliness
by one moasnremt prooodure also had good result 1n anothar test

_procedure. . )
3. 1son’ With 'rm': Data Obta'med rrom‘neele’ Machine: '1’119

, 4a ed- from-each- dtion with that-
-,obtained rro nuley mohino (cr. Tablo I(B)ao ) i

I GONCLUSIONS

cOm'

There was a relation between the ooetricients or rriotion obtained rron va-‘
rious oiliness tutors.,

To deturmine tho oili.nou ot a lubrioant. only one of the mchines nosd be
~used.

For simple measurement, the pendulun machine is the most donirable, but for
the testing of high px-onuu lubricants, the tour bau tester B. must be used.
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. .Table. II(B)BO -
CONDITIONS :FOR MEASURING OILINESS
FOUR BAI.L TEoTER

Filn ripture - | Direct friction ;| vemwed Oscillation | Deeley -

] 7 strength’ .’ Ueasurement - - . method " “Machine
“*(Tester B)." | (Tester A).. . |.} (Tester )" S

Load (kg) - | 0~400 | . . x007 | 1007 0.452 ..

Sliding speed oaz6 |- c.0072 . S 0.034 - 1 o.0362
. m/eec. . o : - . : : : :
Tesporature ten : - N s
Test Tempera- | Not Tl Mot oo Mot : Not

ture . controlled - comtrolled controlled . contro

Figure 2(B)30
Figere=1(F)W - ~STRING BALANCE - DY¥ICK - ¥R -THE DIMLT -
FOLS PALL TESTIR A, KEASUREMENT OF KINETIC FRICTION COEFPICIENT.

93
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“Figure G(B(30"
PENDULUN TESTER . .

|"1 \...\J)-/

il

: Figure 5(B)30
KAIN PARTS OF THE PENDULIN TESTER
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BCLOSURE (8135
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MEAN RUBBING SPEED: . 0,0362 ™V/se."
= TOTAL LOADI. - " 0.452 Ky
5 ' TEMPERATURE:. NOT CONTROLLED.-

. (1) STEEL ON STEEL
& N\ (2) 'STEE.. ON BRASS
2 (3) STEEL ON COPPER
s
- —
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m
n
X
2
m
z
=1

Figure 8(8)30 .
KINETIC FRICTIOXN COEFFICIENT
dY PLIDILIN TESTER
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