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rwa que.stlon wliicli we are to co?SJder thl? evening IE that of
the.rﬁ ati eefflmenca/.ln reducing rlgtlon of various’lu rhcants,
ma!)nﬁ/, [om mgg int of View,” as befween mln?ral or g/dr?-
ceﬁr 0 %I s, on one hand, and fatty, i.e., animal or vegetable
olls on the other. I , ;
_Since friction must.play .an jmportant part in the considera-
tlor] o%ours.LibJect,_lhlgdae}/swable at, altt}?ou h we are e?ﬁ ore
or efss famili { with the various ways In which it manitests
Itself, we should devote a little att? on to the nature of frit,
tion and to Its more immediate erfects.

Accordin Eo the Iexicogré\{)hers, friction is the resistance
which occuﬁs etween two bodies when we attempt to Pve one
over the other. Numerous explanations have been offered as
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0 EFFICIENCY OF LUBRICANTS,

to the natF and orrgrn of this resistance, and among the more
notable o t ese we Tind—
ualities in the surfaces in contact.
sion dye to pressure.
ttractron etween two masses.
aeg etlc or electrical force.
L ral motion of the particles in the materials used
as lubricants.

| am not c%rrwetent aHd | shall not attgmpt t0 drschs the

%Iatrve robabilities of these sriggestrons ut | cannot fail to
? serve %t ac%ual contact or close contiguity IS, an imp Mant
ﬁctor In the efficiency of each. It seems, terelf {e to fo
hat whatever value mﬁy attac(l] to. the ?evera orces YV rch
ve been referre the Intro uctror\1 some m teria
which will seﬁaratet e surfaces and whhicli m P ven
to some extent act as a non-conductor, must re uce riction,

whatever may be its origin.
But apart from its mmed%ate cause, although gprobabl

affected therehy, it is found that friction varies’in intens]
according to the materials between WM it occurs ang to the
conditior, In regard to smoothness of the opposed surfaces.

dDeaIrn with the Jatter conprtron first, it Is fommon know-
e two reces of glass with [r?]erfect¥ sgr%o and
é:e%ar;atseuraces are’ firmly pressed together it 15 ditficult to
A so ewh tsrmrlar corwlrt on may oceur in mecha?rcal Erac
tice, althaug 0 no% B that'en Heers have frequent!
1) coFrP ain o{sc ect errn%s at It ma bea occa-
sion. To troul% ever e Impr sse on egaevera
en ineer| rrendsw eex[rrarne SJerrna N
smag e wor sosm oth th rtrsgm ossiple for oll t?
f] way Detween the ame of these frignds have also told m
en ﬁhe journal got mtot sco dition rlh%”tapped It over

%ntywrt a'rasp, to. make poc ets ort cant, a some-
at’drastic remedy it seems to me.

We return.now fo consrde farther the manner |n and the
g ree t whhghmrrrctron IS afectedeb qr aterials and con-
Ir fs |1p Ich 1t 1S produced, an at this point we may
classity rrctron as ;. —

oIIrng frrctror\ as in. the case of the ro%d wlieels
H essentia condrtroir In the case of railway
roa motor vehicles.

Sliding friction, as in the revolution of a journal
on |tsrrrear|ng o? F the tab?e of a J*laning mac?rrneJ

Pf a ve nicle,
ocomotrves an
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solidaﬁ% ieSoIid friction, as between the dry surfaces of
4th, le'quid friction as in the case of a lubricated

earing.
With theg first of these—* Rolling Friction”— we are not
at present concerned. . . _ _ .
The second _sll%il_nq_ friction, will be considered conjointly
WItTthtO"4d ﬂu|IOI 1 for mention t it of the introducti
e third only calls for mention to permit of the introduction
of an oqt qu(?te}t/i %ab?e showm% the ?esmts,of certain experi-
ments carrie .ﬁut Gteorge REnnle, lgn emlneﬂt enlglneer an
son of the s(s| more imous John Rennie, the architect o
Waterloo and Southwark Bridges. o o
Mr. George Rennie determined co-efficients of friction by
slhdmg block of one n]atel[lal over an (nclined plane of the
other and noting the angle of motion. ~ (;
TABLE A.
George Rennie— Co-efficient of Friction for
Ordinary Bodies.

IStgel norgcelce 00161
I-?arg wood on hﬁrd_wood... ?§
Br fs on wrougnt jron ~%5
YeTow Fal on“dea 3h
Soft steel on soft steel *]46
eather on iron . )
B ol 3
I Woolslen Cltoéhl onhc oﬂ] th.'f s of , t'43 »
ive also a table showing the results of experiments, carrie
out gon tﬁe same methoJ, gby tﬁe tlamous renc% phys{clst,
General Morin.
TABLE B.
Morin.— Friction of Rest and of l\/lRoetion.’vIOi ;
Wood on -dr - §
v % -soglged ............. - 0
> -%re sed ... .- 027
Wood oil metal--dry - o4
Metal on m7gtal-: rre osed .. T8 :4115
i g N

() Chambers’ Encyclopaedia.
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] have su ested that “Slrdrnﬂ Friction” and “qu&r
Frrctron be co sidered to et 0 prevent misunde
stand rng“ e say. ere t” or convenre ce, | uae
Bressr m.“Li urd Frrctron per aps mcorrec(flz to denote t 3
se of oil or ome simila ungugn In contradiction to S0
Friction,” not,.as L erstaud. the ex resaron 1 sé)metrmes
used asrncha‘rrEgt rrcPon ofwater [r [I [ I%H ass-
through a tubg, or the friction of the hull of a Ship In pass-
through water.

As regards the essential principles of lybrication in relation
ofrrctrgn we eedsnot be Estonrgheg 0} rpndt at rnﬂn? as In
other, sgheres octors drf er, but, after consideration of man
the orre romu ate ﬁ ious e rnenﬁ authorities, | thin
f é a[y ollowing. formulae “as expressing the
ading factors w rch ominate friction;—

1st, Frrcton IS gepeno}ent upon the total w? %Qt or
Eressure 8. (where t esuh e IS constant& upon lo F
gula)rne inch, a statement which seems to require uo qualifi-

2nd. Friction is mdepenfien Lsurface or area in
resgect that, under constant load, the pressure Ber unit
surface increases as the bearing area is redliced or
drmrnrsjhes as 1t Is extendled denendent of vel o

3rd. Frig ron rsn arly independent of velgcity, whi
mus# ualrre ?/?r Xonsrggratron r;ht aﬂthg gh ﬁ
coercrento ton geven e?g X s
speed. Increases, the total amount of friction per unrt 0
time increases with the velocity.

As it w Puld not be fair of mel to Wf]thhold fr?ess Yo the

opinions, of authorities better ua ified than |
dgal with this subject, even aﬁ ugh therr] RncIHsrons shoug
not |n ever reslP gt s#r(ﬂirortt e thedries which | have enumer-
ated, | gIve y owing quotations; —

st. From Mr. John Bourne the famous old ship-
gurldler anriJ epgineer, who, In his ?éatec rsm 0 tHJe
team Engine’ says —

“ Friction is the resi tan edexperranced when one

b e R
le

ernter? mn 8 P E
spgrrtres pon thg surfaces .0 r? les, and these
combrne agencies produce such internal motions among
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tlig é)artrcles 0 [ubbrng surface as fo [generate he%t
which heat wasbeofﬁg#aen value t tg
ower ex en e in overcomin ctron [T s foun
at as much pow r |s ex en ed |n Iactr a poun
wate one eree rrc n as Wou rse a oun
wer t 12 fe t(h andt easureo Pvaﬁrs con-
]gmef term ech nrca %urvalen of the lieat,
rrc jon, 0 sm o% rubbing substances %s less when
the comg Ertron 0 t]ose substances Is different, . than
Yveqrtr e same, t gartrc es Dein u&pose {0, inter-
ock less wchent e 0pposite prominences Or asperities are
not coincident.

~ “Friction goef not mcr]ease ‘with the exte1 nt of rub

bh g surface. So on ast ere is no. vrolent eatrng

ﬁ sron It is ?rmpY in the pro ortion of t Ere ure

ee |n he suraces orIrether eargB tiS, there-

? obvipus ad v? ge to %t rrng sur aces
eam Ines § possi s there' |

HE LD ALl

“Friction does notrncreasewrth the velocity at all,
if the frrctron QVer a given amoun o rﬁce e con-
sid ere hut it |ncr ases. as the vel OCM] t ec?rn arl-
son e ewrt e time urrn% the fri trn
acts. the rrctf(on of each strpke of a piston is

amew errnha oesrnthemnteor

nthe latter case weve t ere are twrce the num er
0 stro es ma sot af, a ou&ht Tictio PGJ strohe

P the sa g, ITTE re on Inute IS OU
rrctro there ore, 0 . Mac |ne er OUf varies as

the eoc thou ht tron utron remarr]s
at all h Ve ocr%rfes t e sa exces ive velo-
cities We

hcrent e enence to enable us to
ether the same law continues to
“The nature of the ent

H U ro er for different
hearings, Tap ears to depen % easure upon the
amoun % ressure to w |c t earrnP re sub-
gected ar est un uents est whefe the pres-

|
ure Is greatest he.function opﬂtgrrcatrn Su st nces
IS to prévent the rubbing surfaces from coming into con-

ot su
state with confr%ence W
operate among t

*This statement refers only to the friction of solids, and not of liquids, which -comes
-under a dsf%aerent law. ony ono g 0
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tact, hereby abrasion would be roduced, and unPuents
are effectual” in_ this re ect |n e rogrortro therr

viscidi but If the 8 ﬂ 3
than wifat suffices ti suracesa under, a af
tional resrstfmcewr e cc srone ~and the nature
trn uent selected should always h:%ve reference t ere
. to the size 0 the rubbing surfaces, t% egres
sure ers ugrg rlrgﬁrlrr%jur%nvtvhe eressou”reton tf“e trop
?bearrn IS abo t90?B gp%uare Inch. srlh
rrctr rom to sm a surface in re%ses twice as
raﬁIC %st efrrctron rom t0o a{ageasur ace, added to

earing, when the surface is too small, wears
rapidly away.

2nd Inext refer to Mr. Beaucham \BTower wgoser
ort ? r} Lon series of ex erlme ts whych he.undertoo
P Ia nstitution fMec ahrca hneer%

Rﬁ eFO re %rse as among the “ classics ” ubject.

“ The theor of liquid frrctro? is #hat it is. inde-
ﬁendegt of the pressure Ber uhrt of surface, IS directly
epen rr]t ot th extent _0f surface, and increases .as the
square 0 t eV ocrtK Th eresu ts of these exlp%rrment
seem t? ﬂwt at t e frictlo rfiP erfectl ricate
? r\ ﬁ wso Ul rrctrﬁn mc more-

P/ an those of soli rrctron e i)w that

g the?e circumstances the rrctron |s a}r inge-
Ben ent of the resaure per squar}e Inch, that 1t IP
reases with the ve oert}/ gi at a rate not nearly
so rapid as the square of the velocity.’

There would a Pear to be a remarkable difference beth e
these two authoritles in some 0 therr statements, but a litt
consideration may help us to reconcile them,

The most im nQortant point of divergence occurs between Mr.
Bourne’s statement that—

“ friction daes not increase wrtp velocity at all |J the-
friction over a given amount of surface be considere

and Mr. Tower's equaIIy direct statement that—

“it (frrctri)n mcreases ith the veo |ty ihou h at
a rate not nearly o rap ast e square of t eve ocrt%

| take it that the explanation of the apparent discrepanc
that while Mr. Bourng IS speaking of gtpsolute co- etet’ocren



EFFICIENCY OF LUBEICANTS.
frrctroH Mr. Tower IS referr}rng to the amaunt of fri tron de

veloped'in a g ntmLe IS seems o orne o%rt tr
ence to S meo |st s I take, at random, the Tirst, w IC
rFt s with olive oll. E o s that atatemﬁer ture of 90°
ahrenheit, with 100 Ib uare. Inc e nominal

er
friction rearstance per s uare [ g ﬁ earrng was 0-36 2 100
[. tm 450 . rn thus showin ncreaseo 0-53
% %n in te eriod o onemrHute ut the ur was
our }nc es in dia eter ysrx inches ong with chord of the
arc 0 contact 3-92.inch Sa ru? Hro surf ace
’g F"? inc es the |rst test We ind therefore
thatt Stotg surface over w rfh riction occurred was 100
[evs. = . Inches, while, In thg second test, we. have
§3A 450 revs -10 %75 L & Now |vrde the total friction
veop% aft each velocit enum?ero square Inches over

rrctron was en ra ted we fipd
m., 0-362,350=0-000153, and
or4?0r m., 08910%75 0-000085"

riction per sq. inch of surface covered sowrn

s the actual
%at the rrritron per U(Elt space 1S very much less at the |ghe
than at the lower spee

eneral
ctron
e for

avin now in some fashion, ascertained. the
mronﬁre ith reoar}q to the mgere t progertres of f?

e shall, In the next place, consider the' means availab
overcoming- these.

In dorn\% this | d aahrt from chronoIoHrc&rI ﬁrder and Peal

first with What | ro ly the latest met ugl
thon VizZ,, hti. 19 yoF ﬁ bearings, w !‘cﬁr ngﬂe Icg
tnrows some q t upon all ‘older methods. alls” an
B ers” ma t be re arded as a system of mechanical
rrcatron since t ﬁ |ntro ce a mhovr agent ﬁtween tvrg
suraces tBose of the journal and arg, which w
otherwise be in drrect contact and rub Ing on one another,
Anot?er mstance a mechanrcal arran ement for the reduc-
tion of friction |% e seen In t e “penny In the slot” wel h
mH maf Ines are found on many Taillway Stations. and
ot er Faces 0 o ular resort, In tt%se the Frn es oft
o eparrt] re carrre on tFeBV ries of two oos hscs
Weesw c revolve free the sping
mrnate the slight_ frictign whrch wo\rkl occur |
were carried on ordinary fixed bearrn?s

it seems to me, that these halls or rollers. or free.discs
embo\g/ylthe wﬁ He prrncrpﬁe o? Iubrrcat{on by mterposrné a

tshe sprnd es
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reldrng medium betweBB surfaces which would otherwise he
n actudl contact and rubbing one on the other.

ave seen several demonstrations of the value of ba er
| h Id trati ft lue of b IIb
rngs one, wnic sruc me very much at the time Wasgro ah
){_lmang It Was exhibited a f ars ag o
ﬁ/te 0 mnnManu cturin Cg It' Et some of otor
shows at “Qlympia icons two bearings, eac rtte
Wit %ri H with a load of ahout one ton. One was
wit als teotheryvrthaparn earrn T0 the end ofeac
rtourna crank handje was attac ed1 visitors were rnvrte
0 tur t e]ournérl thte aII earin Was easz
tyrne te mdr and thumb, while, accor
g srr;a trength. of the individual, it took one m
violent exertion to start the plain ea rq at oug
started It was kept going with moderate e
| have hee rlnd)uced to devote 50 much attentroq to this form
of [Bf anrca rication as It appears to [ne to llustrate 1
vrf e manner the C}]nerple w rc rs e?aﬂ y in oi)er tion w en

0l reases, wnicn are more E(w e?ggeJee(?

s or
cants, a?e used. It 1s.now general at aﬂ matter
fonsr ts of aqu]omeratron atoms’ h toget er either |n a
oras condr|t1|on some hnherentP wer ﬂf attraction.
It IS also un, erstoo that, e er] in the case of such hom eneous
solid materials as iron or steel, the comBonent afoms, #
ower, and, unger ﬁertam conditions, such. as electrica rhn -
nces, do actually ¢ 8 ge their reIatrve osrtrons [tst rF
oLe more eas t that, In the case of more mo
substances, w wec rqt%rs smr ar movements of gtomé
Ht occur’ an rgren afilmo orI? %reaﬁer Intro
etive eJr a movrn atronal; surﬁ r,m may
divided into a nu ber o rn er Fr dtr rn C n
fact with metal on one %r e an wrt Hext mo or on the
rn er side,. each \nner 1m r? 9 ?r slidin between the two
iacent films till the centre film fs found at

f this th f the beh ffi tit is evident
o o s st v

and agur e to the selection 0 surtal rreants or erent
purposés and conditions.

et us ow end avour to apply this principle to the three
-drh t cas mater Lvt/)tﬁ)rdlh are 5ener£l|y regardeg as
avar e as rr ans ese are; —

1st Sor rrc nts. asr%ra ite or S Igrhur
2 %emr % u rica %s suet, p rea?
Fluid Iubricants—animal, vegetable, or mineral oils.
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Lst. udﬁ ed by the su gt ed test the solid Iubrrcaps offer
Ieasi vat as, fr elr nature, th are not Y
reso ve thems Ves re mto a Series o |d|n orro r
fhms hut re r ther li to attach t ems}e ves | trmate

te op ose race srm X tr %errrn the ruhbin surace
rom emeta |tsefto t erra wit w 'ﬁh It s
coated. It Is true that |te OB phur ma(r]y ?g LI
the rnterstri:es In t ego rn earrnga pro uce “a perfect
f P surface on these utwe ave alre d% Fenthatanas
utely smooth surface is inimical to successtul Tubrication

20, SEmrsolrd S bsta es, such as suet, taIIo [] rease,
can onl fe arde§ s lubricant to the. exterht t r%
be, more or less readily, convert r'r ur% They offer t

vanta%? that as.heat 1 rej Hure to them,” the act aasvg

Hore ITP/ sprovrd eﬁrare tI?teron When a

d“ bricating materi
the disadvantage 1at t eﬁl
J theo ect of lubrication to

certain a ougto eat. whjch

prevent as een developed on the bearing.
Lr ur oréseem to posses aII th Im ortant pertres
whrc urre

In atrue an? rcrent br cant.
eeasr din avarret o was an w et er the rrn
IS oto hesup X be xch/ toterequrr
nts 0 earing and can t o w en not wanted.
| era drna onstantstream they serv h]otﬁ
as u rrc n ct as coa rn wr% ﬁ r}]carr Ing off t t
ene earrP% Is0” remove an
etalll cor other a{)trce which, | sufﬁere to remain %hda
cumulate upon the bearing, mrPht be the cause of trou
We now w) ach that a of the subject Y]vhrch rovided
the motive | este epro Hctron of this paper, Viz,
an attem tto rscrr inate, rn fegar to therr value ‘as lubri-
cants between anima ve letable,” and mineral oils
Qen | ori matly underoo to deal wrtht questron | had
08 %rra 9 ar a comprehensi eserre B experrments on
ery ef rcreg testin Raratus h col ea%ue
.J. Dodd, In conju tronwrt dmrra expert
It is an objectron commfon to the orrty of testrng ag
Haratus that, “on accouqt of thelr sma ze and thelr ener
Parture rom pracérca arran ementds 0 not reprod uce
seeu?omw%rkmﬁotcoonra”hosnsv ic Iex grtmrgcrthmre ratS i W”
ture pro ?er shatJ rﬁorkrn as nearll as osr%q y h

conditions which occu actua ractice. ' The mac |ne con
Sists essentraply of a sh ?t 3 rnclr s in diameter with a thrust



EFFICIENCY OF LUBRICANTS.

%Ila ﬁ;(r inclies in drameter anp a horse-shoe bearrng the
v¥] %e |g t; Bto ucin ?rn e section one-fourth Size o

us H.M. att ruiser RO% Sovereign, an
run at oHr times the_speed or that shrp? tin order to re-
pro uce the same surface sBeed as that of the original.

I?e ma%hr e is driven X an electric motor on the ?]haft
itselt, to w tpower IS trﬁ mitted thro Hh a meter which In
dicates the voltage a”% étmrpeJa e pressure and t e
currﬁnt of the power a rbe rl the aénpt ratus.

Mec T IC&| pre sure or ?O%el rep rez(enotve?h n?m rUﬁteOs Etl e

roep g ?( | cran
end of t |s rank te rnates |nf1 ardene rnt] IC

ts mtoacu sape or rce |n floating disc, with ball bear-

s In wh rc \een of the shaft Is recerve En rrctrpn IS

sentr eliminated at this p P The o‘ er arm o the
t% cran onn ctswt apovir H sp[]rnﬂ] %anceny cih
the pre sure ont esh% ? ta achine ,15 ormal
run-at 560 r.p.m. wit 100 Ihs. per sq. Inc
Out purpose ha been as | have sarﬁ to undertake an ex-
ausdtrve eries of experiments with this. apparatus testin
standard oils of the three reat classes, anima Ttable an
mineral, in a pure conditio an rprxtureso mineral oils wit
various percentages of the fatty olls

Afewprelr inary tests, to Whrch I shahll refer later, had been
carried out when war was gec ared This unfortunate occut-
epce |mrposed a severe stra u n the res urces, and especl-
(p tetechnmﬁ sta 0 telﬁ ¥ eewors and as

h test occuptef ole day an] S o econtrnuouls at-

tentron of a skilled observer,” it een ound Impossible to
complete the series.

Under thes? ﬁrrcu stances and in order toatulfrl M p

FﬂISG {Q een under the necessrtx UtHizl
ormatio obiarne from WO serjes of tests Undertake

ears o(p Wno ervatron some particulars, 0 W

ave a a een Itte W |napa e1 on maring [UDT;
catro clorg you | fopose %0 to aval
mys ta rom orae vestl-

g tl ns an ;rrments an ap]rt) g*}r, 0 e {0 |n some
ere.

on umatorp ence In supeport 0 arguments in the -
complete series of tests made at Belve

first seres of te]sts to whéch I refgr was quertaken Iy
mr%/dseT1 persoHa P as reqards the ordinary laboratory tes
the mechantcal or frictional tests.
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The tests were ma%e somewhere about the mrd?le seventie
afst cent urY paratus used was an 3m anﬂi
ta er oll tes erygFg% Numerous olls were tes yt

can at resent on eports on a few pure oils, which

hq eveE'J ﬂ serve 1o rI Ztr t% one of the tt) ncrg?es which |

wish to em hasize t |s eventnrq vrz e satem nt made b
apn quoted from hi

r. Bourne In tne tparag |t‘h

see page 94 1that If the viscidity of the unguent beagreate[
than what s H}ces to h) the surfaces asunder an additiona
resistance will be occasioned.

Fig. 1. Ingram and Stapfer Oil Tester.
By the courtesy of Messrs. W. H. Bailey & Co., Ltd., Salford.

ﬁch test Iasted nrn%tly minutes. Each oil was tested two

r ree times, before break ast In orenoon and in the

ternoon su |crenttmebe|n rven efween ea "test to allow

the b earn to cool ownt norma atmos eric temperha-

ture e pp&ratus wa tte |n an en eersso 8

wor sg ohn Norman tene Street, G % ﬁ
%u ect vard Hon in Is(ne t}he machiner |n t es g
whic aonteenrnewer]

We?rsratnronaghown |?]nlstheC ctggpts( T Ratrhe ltotaptr)ttunvhlgerlo*f Ievolt%e
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tlons for eacli test %nd in the ayerage nthmber er minute. A,
owever eii alues qven In t % ble"is the gverage
result of a etest eac | think that t eeffecto varia-
tion In engine § e )[/) eIargeIﬁ/ discounted, and the gdreater
PaertOS y be safely attributed to the greater or less viscidity of
The pomts calling for special attention in this table are :—
The viscosity of the oil at 70° fahr., sperm ol

bein aken as unity.
t The time Tequired to attain maximum tempera-

ure.
(3) The maximum and constant temperature.

Th rincipal deductions to be drawn fron the results shown
? t, in a ver¥ cons te t manner, the temperature d

on the b e? mg time faken, to '['[ﬁln constawt
em erature closely, accor | th th ISCOSlt the ol

0w ave g r.0.m. for castor oll and for r0| 0| was d; obtess
?ue kot |([1 Viscosit (o these oils which 1s responsible also
or the long time required to attain maximum temperature.

Inmden ally | ought to explain that in conducting.these
tests | %er ewgence beE(P me that t e Vaflatl g|n tne
spee ete ter was notw o or even. aln eto%
spee % ena ed to satlss){ on t a
pmpt byt ¢ fact |hat1 the Delt dTiving. e tester Was loose an

was VISI or a longer or Shorter period in starting
with every oil except sperm.

The second serles oft s was undertaken in 1886-1887,
jomtly Ejy Mr. T Pu?ﬂn o% Burton-on-Trent and myselﬁE

ﬂSl eration of the results btained from my first series of
tests ﬁ f own me that something more was wanted fo deter-
mine t ubrdcatlve va ue of an. oil than merely the tempera-
ture develope on a bearing during its use.

The 8ther necessary factor was evidently that of the power
reouwe to drive the machine.

?% b ar'esa%(?n“hh%:hf{“r%n't” oIk GEve 8Ee” anhehré'leq:tathsésd
(ﬁferent coHstant te per tur%s In use mi due to the acdt
Sheed R St viodly of e ‘“euf’” O dmpatatir
Q he bearing contlnumg to rise talsl t?ﬂ had been att |ne(s

Mr. Pullin, who tookmu% interest in lubrication, had de-
signed an apparatus, a cross between the Ingram & Stapfer and
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the © hurston " fitted with an a pp“ance which eHabIed nim
not only to measure, but automaH to recor? Fworkm%
res|stantce o eac oil. | arrange Mr. Pullin for a join
serl s of ex erlment to deter ne t e correctness or otherwise

eteo s wh |c we ha scuss neg | undertook t?
ma e the Ia |Eator tests re and after the mechanica
tests for whic respon5|

His apparatus is shown in Fig. 2
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The additional facts to be elicited by the enquiry were:—

(52 The resmiance developed P{ each oil, and (b) the
viscosity of the oil at constantwor gtemperature

The results of our joint investigations are shown in table B.
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The mterestm items in this table are tt%e V|sc05|t||es of the

various oils at normal te Reratures an? norma ?rkmg

drag an temPerature an temscosnat/ each oll at the [atter

| regret that Re cogtépara(tjtv% results are notqmtehso consistent

as. ?] e mlg t have desire | give th e{n ? they occurre

|t out a ahttemgt at ¢ rrectton and, If a o ance he
ror o rt of the ob serve{ who In the case
mec anical tests was not a smentt ic man, but an

are ouseman fhe results Y eaccegted as eneri
ac ory It wil eo served that, In r uy
st

{ mselves very

éectéo sl [1

e
an tg erature in relation %mscosn ?tp ia
Heste an earlier [r)nar ft g é
ang working. te Perat re %JUS[]

uni or[n fot ems? % P ﬁ
meg a[ttes it will be’ seen t at the olls were reduced to
practica untformtty at their respecttve working temperatures

Thig a am bears out the correctness of Mr Bourne’s r%mark
that “ eXtra viscidity means Fxha resistance ﬁ s it throws
upon thet or de er

earing the necessit velopin empera-
i re. at the ex%ene o? extra power, | gtdﬂe ?o reéuc tltte
ubricant to ahs ]tta le bod¥ t el i
n none of the foregajng, tests are any particulars given o
bettavmuro{ meraTgmsgbut aflthfo ¥Ip cannotat%rese tfin §
the reFo sh tests made some. forfy years ago, ' Inc (#
several of the stapdar mtaera 0|I? that erio m (\{/ear ler

ﬁly tgaf
g

experiments, and found that, as far a te erature was con-
cerped, which WasP ?tttveg dFtermme In regard {o 5|
hic Wa?amatt? persP observaéton they sgemed to b e
ave similarly to Ils of corresponding VIScosity.

att
[t wats howev { rl\x dem?nstrg ed that whereas the few
dro s of fatt |c eea ow or ea h test]were never
rox m tey e uste mlg the test, the
m ra arerg ste outtt een

gtestt whlle some
es were Vis y ex auste hefore the test

eI| ter
was eomgleted n some cases with detriment to the bearings.

| now avail mzse of Mr, Beaucham E wer’s valuaple a
mterestm serie ex;t)ertments a %onstttutmrg
most exndustive and instructive en mtg |c has eve been
un erta en In connection with the subject.*

eauchamﬁ Towerf expertments ere made ugon a
eyl ndrtcal journal & Ins ong by 4 ns. diameter, at Speeds

eports. ypon. friction. experiment [ eauc ampg e asactt ns of the
‘Md‘ﬂeﬁ? htﬂé%a\t%%ga il an?ft P&fepﬁo" At 11§§V 2 RO el
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varying from 100 tq 450 . nd loads of from 100 Ibs.
62 5be er sq uare rnc% E%m ﬂre numerous tame inw rc
tere uIswhc Mr Tower fained re recore | ave mae
oe eséraacttS |n Whl as mosetfnI é‘rF
1
reerﬂg wrf) ec n?ﬁons uﬁg Wh rbe results shown ?1/
t r tables in this paper were 0 tarne
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It is stated that the tests vY]ere made at a temperature of 90°
but It.1s not shown that stﬁps were taken to kee
a ?g at thi Etemperature orto take account of any varr t|
B i1 ttrs | gossr ehats me part of the re uctron
turseervedr riction may have been due to increased tempera-

No artrculars are |ven regarding the physical properties of
h é)puse rn testrhg? etgergfoh gdg mpthepcoﬁumns
ea ed speci |cqravr ya vrscosrtz/1 ese averag artrriulars
enur e specimens’of t ?]Is named. But Il oils are
ts) ¢t to 0 evaHatron In_ these respects, It must be remem-
eréd In studying this tatiethatt erttartrculars may not accur-
ate rig fset e sam IS eatw h, These re arksa
P IcU to the .mineral ol as this tn%u es gra es var
nres [%ect 0 vrscosrty from soanethmgr tﬂ ter than s erm

something IWP or three times heavi an rape oll. 3
ower, [ re foa uestion 0 mrr]e Bon thrs orrl]t sal that
the “'min ra 0l thatérenera sed In the shop, e
assrémed tha (5 It may, have een such. a ch earh mine| al or
rate as IS fre téenty used in an engineer’s shop.In
whr more 0il 1s wasted on” the floor than “Is used on the

machinery.

Subject to these explanations, thra
TOWer's ex f“ ents I mterestrn % Lt slt
Phortfant res t ur urp econ rst 51 act that e
it ol Ias ﬁ ou the ti ero etesta for aug t
we no g t have lasted on er,, t emrn ral o ?ver

L A
It seems to me of.the vghrch Iqr gfoun
In My own experiments.

ar?ureo mrnera olls
Finally, we turn to the mcomitletedsertes of elve]dere experi-
mentsw ic %ve e>1 ort thur 0e
ttemé)tdto etermrne rect erelatr evalue as Icant
neraI ors— rrnteatron Was to S ect Ica
secr ens o ea class, f] after. determining . the physica
P operties of each, ﬁpecra y th errvrscoery at)va ious te pera
res, to test each oll In %ts nure state ar] subsequentl tOF
are efs mrxrt 50 tevarrws orsrln dér to gscertain
a¥ e addition of tatty oils to mineral oils, In
t e re uctron frrctron

All that the untoward circumstances have permitted us to do
has heen to test three stanr?arrg mineral or?spang] a few 0% the

brref ab Lact of IVIr

t
ﬂte oll was msuf |crent
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{g%%ng fatty oils, and the results are shown in the following
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| exceedingly re?ret the imperfect and perfunctor manner
in which | havé fnl |led the very agreeable dutYW IC g/ou Iq
me the honour of [aying upon me. ~We have, all of us frered
more or less through personal loss of some relatives or friends or
In dislocation of business through the criminal megalomania
of the greatest criminal of Europe— of the world, and, had it
not been my desire to av0|d respon5| bility for addlng to the
many troules which aready Deset mg g friend, your
Honorary Secretary, | shoul have preferréd to postpone the
fulfilment of my task till, under h g)(nler con |t|ons I could
have performed it with qreater sansf tion to you and [per aps
with some credit to myselt. | thank you for the patien
WhICh you have dealt'with my short- comlngs and | trust hat
¥et have an opportunity of redeeming my promise more
success ully under more auspiclous circumstances.

________ O_____ -

DISCUSSION.

The Hon. Segretary . Mr. Wilson has prepared this paper
and kept tryst with us to-night at much inconvenjence and under
many disa vantages so that we are veni much indebted to him
for a most Intere tmgl_Faper which could only be got from one
of his ex enence has indicated some ‘features that are
Fenera ){ known, but others may be new to us.  The references
o the 0il being carned hetween' the surface of the journal and
the earlnﬁ;s an tot e journal and the bearlﬁ]surface being
too smooth, are detalls open to discussion ere are man
other points 1n the paper which should lead to discussion, and
we have an opportunity of asking Mr. Wilson questions on the
subject before us.

Mr. W arren . | would like to ask My. Wilson a question, It
is generality recognised that mineral oils are better than animal
0ilS on accpunt of viscosity, but Mr. Wilson distinctly states
that vegetable oils are an |mﬁrovement | am speaking rather
from the factory than from the marine point of view, and from
that point of view the mineral ol ma% come jn better, as we
have ‘a_distinct method for keeping the bearings cool.

Mr. Wilson any idea how finely powdered ?raphne acts? There
IS a tendency when graphite is used for it to set ou the lower
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bearings, s% that it frIIs u the rnequalrtres on th% surche be-
tween ‘the earrngs and the journal. er aps these tew re-
mar s may inducé discussion on the subject

The chairman ; If thfre are any F‘tems whhch require eﬁglana-
tion | hop eme{ngerswr I mentront em, sothat w maﬁ/ Ve an
om)[portu '(ﬂ them. Perh aps, .In t eantrme
Wou answer the question wrth reference

to the graphrte

Mr. Ybitch wilson: Mr. Warren has raised two, or three
rmportantgu stions in regard t? Re matter under ¢consi eratron

e su %t 11 ace unto eir visco rty mrneﬁa olls
tter rrcantst anrma oils. "He Informs us that, In the
case of t ant rn rch he Is interested, sPecrﬁI arrangements
are rovr ? or kee rnﬁ he bearings coo

nas a v
Impartant etfect ogt e Jesult and he asks w ether | .can o?er
any opinion regarding the value of graphite as a [ubricant.

| shall attempt to deal with these points seriatim.

As rggards the respective Yalue as lubricants, of mineral
oils an ainnB al or ve eta oils, | nott rnkt hat anr¥
ﬁuestron could he rarse urrn[%r m ears’ acttve co
\?n Wn’t theﬁ trade and coftinual rne ori rse with men
3 tr land and mari e mn w rc ricants
use ave never met anyone who Pesrtate ? BXPress t
ﬂrnron that in respect fo théir power of reducin ritron faé
olls, animal or vegetanle, are suRerror to mineral Under
certain c%ndrtrons arrsrnrq In co H Btron WB[h steam cylrnders
steam tu n]es ring. bearin swrt ath lubrication, and some
textile mac rnerh/ in whic rournr1 exposure {0 steft
orsture or to the %ctron of the atmos here atty olls may
evel OB d am e oxidised or mH)ro lice a]gonaceous
comg he bricafive a vanta e 0f fatty
surrend ered in favour ofmrneral or hrc are not]affe te X
the conditions mentioned, b ﬁ the onP/ le.w Otﬂ hav
et whﬂ advocate the u rversI SUpero rty Anrnera 0ils ere
tloonsew 0 are wholly and exclusively interested in their produc

ar as | am cancerned | think.that sufficient strfrcatron
for tshe attrtud which | assume, wrP% H)und rnjte frict ron
tables w IC are IVen.in a er. | am asked to, of e[
Ber so sW%ru esu rrorrtyw c atty orIs POSSEss OVer minera
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\Sa ) that fatt?/ Ibhavegreatersurface t%nsron I.e., that they
me pﬁwe q VJaressurE Qr ot erwrse reduced to a
fmer m than mineral oils'without being ruptured.

.]%b that, in regard fo vrscosrt?/ which Mr. Warren reoards as
fthe p orntsmw Ich mrne al o1)s are superior to fa g ?
rmer re Inferior to fatty oils in respe tthatmrnerl 3

t than fatty oils, an

area fected y heat to a much greater te
rasrég ly and 0 a great extent fose their body as the tem perature

This drsadvar}taﬁe may be wholly or artIR/ overcome in Mr,
Warren’s case | scoo ing arrangements enable him to main-
tain a constant temperature ou NIS Dearings.

| may add thatnomef scasefshavecomebefore e in which,
w(e ure mmerﬂ oils ave arIed to Ive satis actron the
ition B[ ﬁ percent a% tl rcter cent., of anima
0 vegetable oil has given perfectly satrs actory results

As regards the value of graphite as a lubricapt, it is commonl
su}ogoseg thatdt shou?d rrﬂ r%v ﬁt?brrcat on, B t reports Wﬂrcx
erecgrve from some 8have tried It rat er oint rnIe
-contraré/ Irection.  Some advocate grare)l ncludin
lieson’s ompany maintain t at rt very rne thm
and that means of r]cor orating a sugroo(s
raP hite, in a defloccu atﬁ form in oil_has been discov []
the rﬂueston 5.t whether 1 1 B HOt realhg onap Ite
as bee arse ap it 15 also, uestrona e whether the improve-
ment claimed s due to superio Hrrcatrn J)ropertres or t0 some
Improvement In the sur aces of the bearin

e e S B ORI W
5 \prrth varroounsokr\rltydasn or}toor? rasrztee rlessutits \rrnrejrcehguna%adtrsl-
eSH'E’:n"ke tOol rnvestr ar}rreerlet ot mJuceJ {0 a aces maYe U
P/ ﬁ at We a recentP grven us, In corﬁ‘rd%nce ablonﬂ
Series o reports upon anumb r 8t experiments conducted
L L G
or maglqs%og hsq andI althou flcaﬂnot recazlt1 fhgure 9
[)emem I th tt e outc§me wa% that t foun att ab

efter with ordinary .chea re an
) Frﬁorerrberal teﬁ betterresults

using their qwn il a’litt
| -am’sorry that this is all the in ormatron | have at present.
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(I\{!r Yeifcli Wilson then exhibite
the ?(id testlng apparatys to w
COUISe 0

beFow were fﬁﬁy descnbesé9 lEy Mr.

ﬂ two laﬁ e Photo

J. 'Baton, H

eferr

otograp S, WhICh are re

ead

i

raphs of

TOI{]U

nglneer

Mr. A ). Dodd’s Friction Tester (Front View).
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Pig. 4 Mr. A J. Dodd’s Friction Tester (End View).

of tge BeIA/edere orks, who anfwered Rumeﬁous %u(fstlons re-
garding them aton explained that t eavour to
get the co Paratlve tests made asnearly osmb‘e under the
ame con itions, using a outa int 0 neac test. The
result these tests ﬁ]mrkte to an \mdp[ovementb telnt]ro?uc-
tion of fatt the mlnera as the mineral oi one
only seeme %o 0/d good for moderate temgeratures beln%
sat sfactofy or hlgher temperatures. supposed that the
addition of fatty oif'to the mlneral oil ga nge %eaterunctuousny)
Mr. J. clark : We always listen to 11son’s papers with
reat interest, as we know e is a great authority on 0|Is and |
ink | am right In saylnﬁ that fe advocates & com?ound oil.
It has been méntioned with the comparative tests that the com-
ﬁound oils broke down under certain conditions. Mr. Wilson
as given us a table of Mr. Beauchamp Tower’s results which
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co frrmsthrs At the same time, it is perhaps necessarg to con-
|| er some of the resultszgzrven in this ta The viscosity of
olive oil Is given as ]I ? Fah ren heit and 75 at 120°
% renheit resp ectrveg/ ta Inﬂ rrcthonal resrsteﬁnce from the
table at 100 revo utAon Permr ute, the friction resrstance IS
g_ven as -36, C artre 84 revo utronstpermrnuer If

e mrr}eral ol In the table comes next; it starts with a lower
normal frictional resistance and mainfains that lower rate up to
400 revolutions, then at 450 the beﬁrrng has seized. It is un

satisfactory, ﬂne must gdmrt that t ere IS no reaion iven w X

the earrn ‘then serlz Wh }s] da mrne[ marnt

Btsel 0] 400 revolutions an ten Aat 50 revo utron moye t
earing seizes? Ee[e are man t ings.to caus arin to
seize, But one of t astt |n s ame |st e or T e in er
ence in this ms(sance hs to t ? | s o | e 10 ask a

uestion rerrrar mg the roger rrcatrtt[t earings
Tm Htaesavcae reases oters? Wrson as
erred to tests that1 ? un orturﬁatey una Ie t0 comP ete

e results to-night, but, | am not

|n time 10 ﬁlrve us t

assin estt t he ma duce
ive ug these 1es er on, eg ause from tht?t een s rg

ey are vr entl‘ 0 ver eat Use In connection with
gn wrt %ﬁgto W[? rem rks about the w stef
tl arB/one will Y ere_ IS a consi erabe
amounto 0i vilasted H Pe tt]a there is not an one here
Presentw %w | agree that moeor IS wasted ontée loor than
[put on the machinery. In such a case somehody ought
get Into trouble.

Mr. Yeitch wtilson: Mr. Clark has called attention to
Bea champ Tower’s ex errment made some thirty years ago.
ar as I can now rem gr er'l was presgnt at'some of the
e]trn%s when he resente IS reports, and | too PmeHart
rnt rscussron upon the subject, t vee aine
y paper, Mr. Tower gave no particu ars oft e or w ich he
trsed which is unfortunate Mr Clark calls attelttr t]o the
act that no exrnlanatron IS oftered why minera or rc a#
Earen(s . cont] |ve satls actorrx results UP
hould have seize E) ny 0 COH se, h ves 'ﬁ
tsome oint not stated be We n 400 and 45 think that
the explanation is, and | called attention to |t in |scussrnﬂ the
paper, t at, as no s ecial arrangements were made to maintain
ahconstanttem per t#]re and.no n%te seems to have been taken of
t eltemperature] t :érrnig the temp eratu e wa %unsusP %t
y rising with the speed of'the journa the body of the
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oil was beni groportlongte reduced bg the mcreasnl]g t?
peragure till“somewhere between 400 and 450 r tne film
of ol was ruptured, me{alllc contact ensued, and the b ear(p%
seized.  In the course of my own expenments |n l]T5 | ha
similar expeneﬂce My tests Included mlgera Ils, although
partlculars of these are ‘not given In the table on page too,
served, however, that mineral oils In rﬁgard to temperallure
eve o(? Mthe frictional resistance bf ved very much |he
att Is o saane wscosne( ut while In no case ft e
fatty oils exhausted by the end of my tests, the mineral oils In-
variably showed signs of exhaustlon before the_tests were com-
leC ond,in, i Cases°fe?°m8l°ft“e e Qg foogs
and smoewnhlnyhalf inour an ln rbra ses were f oundﬁ
tee gﬁg etlhsecogesd aIthoughthe fatty 0|Is all ran normally t|II

Mr Clark aIsg refers to acdltx This i |sa oint upon which
éwe n thouc ﬁas | th mk at weh ear?1 sufficient oJ
%m s and their effect upon bearings an now ow to avol

As regards. bal eann s the f| ﬁf HoffmaﬂJ F 8mmend

re?se ut | thin F hEW|]<0% e ysers of ball eannn

refer a compound 0 | think that it s best. ~ Grease, acts

as a_packing, and prevents grit, moisture or other matter from

gelttln% intq the bearlnﬂ but | think that, if the hearings are
tight, oil will give Better results,

AL eI o 0 fefe
Pormatlon froJ hl he%d 0# a We on)/n ﬁrm of en Ineers |n

G(las ow, Messrs, Clarkson, who once sald * % How th fe
adva tane oe‘ usmnq etter " oils, but three-fourths of the stuff
goes on the floor ad the cheapest oil is good enough for that.”

The chairman,: There used fo be great stres? laid on the use
of ?raphlte evidently graphite is°very useful in reducing
friction, and, if we could get so edeflnlt{tests It would be ver

nnn“nn Hi‘vﬁeé‘nﬁn??raﬁ A wn;%ngs“mﬁ%vlen ised
suln utgccordln% 0 what Mr. WISO{] as sald |te
% otsg%o used in lar

uantitie 0 nte U
atty stbstances have t bg %H ? dS to mf be org they are fulb
cants. This opens up another feature for review.
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Mr. Verthch W n on: In reply to tlie Charrmansremarks
tegargrn the us rmphrte It%}e this o Portunrt%/ %agrrng
in“addition to what a]ve ajrea sara sevend t
reases ma C%h% earttrceesedIcae ool other har sa sStanScueCs
semr soind,Jl %rrca ts ou ht t] ec rem avorded and the
%ﬁm? remar applies gs ecra(i* to all lupfica tsh n{]hether]

eter%rm of grease or oil, Into tfie composition of which graphite
en

A Member ; There is one more Eorntl ciuld like to m ntt?

% ﬁfe(]ence to the emarks ab tvggeta nd mrneralors

rer ornt rst at({nr{ta reas etrou gttoai It breamseru
m?e Iass en ?tatgoese ovr\rlt eseeoulr}naf %OE %tplatrertrtkat I; r a S

pidly losty and It yo want the or 50 ¢ h tr -
urres ﬁeattyotﬁrn it, Idoes nott IS reduce Its ef ctr eness? Is
t this a charact rrstrc of the action of the mrnera or of cer-
ain compound olls.

Mr. VErtch w Isorh entirel endorse the em rks hrch
have been mae fg ast s { woul dN
reference to hrs co ing remar that the drtro
PI to mineral oil seems to exgrtaso tenrnﬂ ence upo
atter, mar even be supp fo grease the molecules o

rnera oif.and to reducet elr mtegk eﬁl friction. Orl)tma?]/b
trﬁ temriter 0l ser¥es asav(f icle oH)e distribution of

enatt i ”ﬁ Pnon?nttoot os%eswt]hoe hgvelcwgn] attletntlsor(i1
ahegmatterg that r we ua quan pes or any other

a
Proportronso fa[[inrnera 0l 32( a(tt]y oll of Lnown vrsc?srtres
il s s o e sl
e Viscasities
tjtuec%r that the rnternanfrrctron of the mixfure ?ras ijeen rey
The ch | believe there is a division of opinions as
teral (e 1o g diision, of

regardsmr era and vggetable olls, an thrn B r. Wilson
refommends a mixed” ol for . internal conhutron motors.
We al?o Ind as regards lu {rcatron that rocarb onf Qr
miner ? are gen ia P/ pre errﬁ In extreme heat. [t Is
oret ee |cre C rtcatront fi ’1\4r Wilson has brought
eore us to an unfortynate ﬁrs not able to give Hs
the tests e E t0 give. o further remarks are fort
coming, | erI ask Mr. erson to give us a few concluding re-

marks:
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Mr. Veitch Witson: The Chairman has raised the ve%
Portant ouestlon 0 t%e use of mmerq 0ils IP internal ¢o bus
|on engines You cannof very -well test lu ncants In Syour

ﬂ]me on the %nc ut ‘we have another me?(n

Eanson altog etT a man |s 0Ing to Broo ands
a r] o% two of che or Uuse on

te roa necty e gets on the track he uses
compound 0| éatos(p?ve even _been using castor oil,
an expensive 0|I and .one difficult to introduce t the engmit

se.com oils when they want to get the estr sU
outo/ft ermagﬁmes a gchea oﬁ! %nthe gare \Aglg g r]
In the ordinar wayan o notwanthigh results. s recent
d|scussmg in erna comb snon en mes ith the Manaqm
Director Of a well known of ma erso gnsan oll ep
when he dlsa reed and sal “You and | belgn ren
ﬁchools ave your |deas an | haye mme t ou
ad_mor l(nform oa and said that | knew. cases nw |c eg
nlg e make i not use. compound 0| re ularl
their trials and sho englnes n ne want
eedm |ve It comﬁoun oil, Ihave eard omagg
many people whose names | am not at libert to uote [dis-

Bl 1 nssn%%nn;ﬁ ke

!)ntro UCtIOF] E]I_lHEJ r ubrlcatlon or mterna com-
stion ¢ me an CFV\P?] COm OUH oils. rcent
{ SaII factory resu ere a

m]X'[Ul'f e?n use
(mmera ailed. | give this as an exampe not as a
ogmatic aSSGT'[IOH

ote of thanks was then proposed and passed to Mr. Veitch
Oﬁa\égjglrngps veryvlvnterestnmpg aper, ang gﬁso t0 tﬂe Chz;{rnlnan



