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T h e  question wliicli we are to consider th is evening is th a t of 
the relative efficiency in  reducing friction  of various lubricants, 
m ainly, from  my point of view, as between m ineral or hydro
carbon oils, on one hand, and fa tty , i.e ., anim al or vegetable 
oils on the other.

Since friction m ust play an im portan t p a rt in the considera
tion of our subject, i t  is desirable th a t, although we are all more 
or less fam iliar w ith the various ways in which it  m anifests 
itself, we should devote a little  atten tion  to the natu re  of frit, 
tion and to its more im m ediate effects.

According to the lexicographers, friction  is the resistance 
which occurs between two bodies when we a ttem pt to move one 
over the other. Numerous explanations have been offered as
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to the nature and origin of this resistance, and among the more 
notable of these we find—-

Inequalities in  the surfaces in contact.
Cohesion due to pressure.
A ttraction between two masses.
M agnetic or electrical force.
In tern a l motion of the particles in the m aterials used 

as lubricants.
I  am not competent, and I  shall not attem pt to discuss the 

relative probabilities of these suggestions, bu t I  cannot fail to 
observe th a t actual contact or close contiguity  is an im portan t 
factor in the efficiency of each. I t  seems, therefore, to follow 
th a t, whatever value m ay attach  to the several forces which 
have been referred to, the introduction of some m ateria l film 
which will separate the surfaces and w^hicli may, perhaps, ?ven 
to some extent act as a non-conductor, m ust reduce friction, 
whatever m ay be its origin.

B ut apart from its immeddate cause, although (probably, 
affected thereby, i t  is found th a t friction varies in  in tensity  
according to the m aterials between which it occurs and to the 
condition, in regard to smoothness of the opposed surfaces.

D ealing w ith the la tte r  condition first, it is common know
ledge th a t if two pieces of glass w ith perfectly smooth and 
clean surfaces are firm ly pressed together i t  is difficult to 
separate them .

A somewhat sim ilar condition m ay occur in m echanical prac
tice, although I  do not th ink  th a t engineers have frequently  
to complain of such perfect bearings. T hat i t  m ay be an occa
sion for trouble, has, however, been impressed on me by several 
engineering friends who have explained th a t journals and bear
ings m ay be worn so smooth th a t it  is impossible for oil to find 
its way between them . Some of these friends have also told me 
th a t when the journal got into this condition they tapped it  over 
gently  with a rasp to make pockets for the lubricant, a some
w hat drastic rem edy it  seems to me.

W e re tu rn  now to consider farther the m anner in  and the 
degree to which friction is affected by the m aterials and con
ditions in which it is produced, and at th is point we m ay 
classify friction as : —-

1st. Rolling friction, as in  the case of the road w’lieels 
of a vehicle, an essential condition in the case of railw ay 
locomotives and road motor vehicles.

2nd. S liding friction, as in the revolution of a journal 
on its bearing or of the table of a j^laning m achine.
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3rd. Solid friction, as between the dry  surfaces of 

solid bodies.
4th . L iquid friction as in  the case of a lubricated 

bearing.
W ith  the first of these— “ R olling  F r ic t io n ” —  we are not 

a t present concerned.
The second, slid ing friction, will be considered conjointly  

with No. 4, fluid friction.
The th ird  only calls for m ention to perm it of the introduction 

of an oft quoted table showing the results of certain  experi
m ents carried out by George Rennie, an em inent engineer and 
son of the still more famous John  R ennie, the architect of 
W aterloo and Southwark Bridges.

Mr. George R ennie determ ined co-efficients of friction  by 
sliding a block of one m aterial over an inclined plane of the 
other and noting  the angle of motion. (1 )
T A B L E  A .

G e o r g e  R e n n i e — C o - e f f i c i e n t  o f  F r i c t i o n  f o r  
O r d i n a r y  B o d i e s .

Steel on Ice 
Ice on ice ...
H ard  wood on hard wood...
Brass on w rought iron 
Yellow deal on deal 
Soft steel on soft steel 
Leather on iron 
G ranite on g ra n ite ...

•014
•028
•13
•135
•35
•146
•25
■30
•36
•43

Sandstone on sandstone ...
W oollen cloth on cloth ...

I  give also a table showing the results of experim ents, carried 
out on the same m ethod, by the famous French physicist, 
General M orin.
T A B L E  B .

M o r i n .— F r i c t i o n  o f  R e s t  a n d  o f  M o t i o n .
Rest. Motion

Wood on 1OOE -d ry ... -50 •36
, , 5 5 -soaped .............  -36 •14

7 > -greased ... ... -19 •07
Wood Oil metal-- d r y ... -60 •42

,, 7 5 -greased ... ... -63 •45
Metal on metal-- d r y ... -18 •18

i 5 —oiled ... - 12 ■07
(1) C ham bers’ Encyclopaedia.
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I  have suggested th a t “ Sliding F r ic t io n ” and “ Liquid 

F ric tion  ” m ay be considered together. To prevent m isunder
standing  let me say here th a t, for convenience, I  use the ex
pression “ L iquid F ric tio n ,”  perhaps incorrectly, to denote the 
use of oil or some sim ilar unguent in contradiction to “ Solid 
F ric tio n ,”  not, as I  understaud the expression is sometimes 
used, as ind icating  the friction of water or other liquid in  pass
ing through a tube, or the friction of the hull of a ship in  pass
ing through water.

As regards the essential principles of lubrication  in  relation  
to friction, we need not be astonished to find th a t in th is, as in 
other spheres, doctors differ, but, after consideration of m any 
theories prom ulgated by various em inent authorities, I  th ink  
th a t we m ay accept the following formulae as expressing the 
leading factors which dom inate fric tio n : —

1st. Fric tion  is dependent upon the total w eight or 
pressure, i.e. (where the surface is constant), upon load per 
square inch, a statem ent which seems to require 110 qualifi
cation.

2nd. Friction  is independent of surface or area in 
respect th a t, under constant load, the pressure per u n it 
surface increases as the bearing area is reduced or 
dim inishes as it is extended.

3rd. F ric tion  is nearly  independent of velocity, which 
m ust be qualified by the consideration th a t, although the 
co-efficient of friction m ay even be slightly  reduced as 
speed increases, the total am ount of friction per u n it of 
tim e increases w ith the velocity.

As it  would not be fair of me to withhold from you the 
opinions of authorities better qualified th an  I  profess to be to 
deal with this subject, even although th e ir  conclusions should 
not in every respect support the theories which I  have enum er
ated, I  give you the following quotations: —

1st. From  Mr. John  Bourne, the famous old sh ip
builder and engineer, who, in his “ Catechism  of the  
Steam E n g in e ” says: —

“ F riction  is the resistance experienced when one 
body is rubbed upon another body, and is supposed to 
be the result of the n a tu ra l attraction  which bodies have 
for one another, and of the interlocking of the im palp
able asperities upon the surfaces of all bodies, and these 
combined agencies produce such in ternal motions among
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tlie particles of a rubbing- surface as to generate heat, 
which heat will always be of equivalent value to the 
power expended in overcoming the friction. I t  is found 
th a t  as much power is expended in heating  a pound of 
water one degree by friction, as would raise a pound 
w eight 772 feet h ig h ; and th is measure of power is con- 
sequently term ed the m echanical equivalent of the lieat. 
T he friction of smooth rubbing substances is less when 
the composition of those substances is different, than  
when it is the same, the particles being supposed to in te r
lock less when the opposite prominences or asperities are 
not coincident.”

“  F ric tion  does not increase w ith the ex ten t of ru b 
bing surface. So long as there is no violent heating  or 
abrasion, it  is sim ply in  the proportion of the pressure 
keeping the surfaces together, or nearly  so. I t  is, there
fore, an obvious advantage to have the bearing surfaces 
of steam engines as large as possible, as there is no in- 
-erease of friction  by extending the surface, while there 
is a great increase in  the d u rab ility .”

“  F ric tion  does not increase w ith  the velocity a t all, 
if the friction over a given am ount of surface be con
sidered ;* bu t it  increases as the velocity, if  the com pari
son be made w ith the tim e during  which the friction 
acts. Thus the friction of each stroke of a piston is the 
same, whether it  makes 20 strokes in  the m inute or 40 : 
in the la tte r case, however, there are twice the num ber 
of strokes made, so th a t, a lthough the friction per stroke 
is the  same, the friction  per m inute is doubled. The 
friction, therefore, of any m achine per hour varies as 
the velocity, though the friction  per revolution rem ains, 
a t all ordinary  velocities, the same. Of excessive velo
cities we have not sufficient experience to enable us to 
state w ith confidence whether the same law continues to 
operate among th em .”

“ The natu re of the unguent, proper for different 
bearings, appears to depend in a g reat m easure upon the 
am ount of the pressure to which the bearings are sub
jected— the hardest unguents being best where the  pres
sure is greatest. The function of lu b rica ting  substances 
is to prevent the rubbing  surfaces from  coming into con

*This statem ent refers only to the friction of solids, and  not of liquids, which -comes -under a different law.
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tact, whereby abrasion would be produced, and unguents 
are effectual in this respect in the proportion of the ir 
v isc id ity ; bu t if the viscidity of the unguent be greater 
than  what suffices to keep the surfaces asunder, an addi
tional resistance will be occasioned ; and the natu re  of the 
unguent selected should always have reference, there
fore, to the size of the rubbing surfaces, or to the pres
sure per square inch upon them . W ith  oil, the friction  
appears to be a m inim um  when the pressure on the sur
face of a bearing is about 90 lbs. per square inch. The 
friction from too small a surface increases twice as 
rapidly  as the friction from too large a surface, added to 
which, the bearing, when the surface is too sm all, wears 
rapidly  aw ay.”

2nd. I  next refer to Mr. Beauchamp Tower, whose re 
port upon the long series of experim ents which he undertook 
on behalf of the Institu tion  of M echanical Engineers m ay 
be fairly  regarded as among the “  classics ”  on the subject. 
Mr. Tower says: —

“ The theory of liquid friction is th a t it  is inde
pendent of the pressure per un it of surface, is d irectly  
dependent 011 the extent of surface, and increases as the  
square of the velocity. The results of these experim ents 
seem to show th a t the friction of a perfectly lubricated 
journal follows the laws of liquid friction much more- 
closely than  those of solid friction. They show th a t 
under these circumstances the friction is nearly inde
pendent of the pressure per square inch, and th a t it  in 
creases with the velocity, though a t a ra te  not nearly  
so rapid as the square of the velocity .”

There would appear to be a rem arkable difference between 
these two authorities in some of th e ir statem ents, but a little  
consideration m ay help us to reconcile them .

The most im portant point of divergence occurs between Mr. 
Bourne’s statem ent th a t—

“ friction does not increase w ith velocity a t all if the- 
friction over a given am ount of surface be considered.” 

and Mr. Tower’s equally direct statem ent th a t—
“ it (friction) increases w ith the velocity, though a t 

a rate  not nearly  so rapid as the square of the velocity .”
I  take it th a t the explanation of the apparent discrepancy is- 

th a t while Mr. Bourne is speaking of absolute co-efficient of
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friction, Mr. Tower is referring  to the am ount of friction de
veloped in a given tim e. This seems to be borne out by refer
ence to some of his tables— I  take, at random , the first, which 
deals with olive oil. This shows th a t a t a tem perature of 90° 
Fahrenheit, w ith 100 lbs. load per square inch, the nom inal 
friction resistance per square inch of bearing was 0-36 a t 100 
r .p .m ., and 0-89 at 450 r .p .m ., thus showing an increase of 0-53 
in  friction in  the period of one m inute. B u t the journal was 
four inches in diam eter by six inches long, w ith  chord of the  
arc of contact =  3-92 inches. W e have thus a rubbing  surface 
of 3-92 x 6 =  23^ sq. inches. In  the first test we find therefore 
th a t the total surface over which friction occurred was x 10 0  
revs. =2 ,350  sq. inches, while, in  the second test, we have 
23^x450  revs. =  10,575. I f  we now divide the to ta l friction 
developed a t each velocity by the num ber of square inches over 
which the friction was generated we find—

for 100 r.p .m ., 0 - 3 6 2 ,3 5 0  =  0-000153, and 
for 450 r.p .m ., 0 -8 9 1 0 ,5 7 5  =  0-000085 

as the actual friction  per sq. inch of surface covered, showing 
th a t the friction per u n it space is very much less a t the h igher 
th an  at the lower speed.

H aving now, in some fashion, ascertained the general 
opinions held with regard to the inheren t properties of friction, 
we shall, in the next place, consider the means available for 
overcoming- these.

In  doing th is I  depart from chronological order and deal 
first w ith w hat is probably the latest method of reducing fric
tion, viz., “ b a l l ”  or “ ro lle r”  bearings, which ind irectly  
throws some lig h t upon all 'older m ethods. “ B a lls ”  and' 
“ rollers ”  m ay in  fact be regarded as a system of m echanical 
lubrication  since they introduce a moving agent between two 
surfaces, those of the journal and the bearing, w hich would 
otherwise be in direct contact and rubbing  on one another.

A nother instance of a m echanical arrangem ent for the reduc
tion of friction is to be seen in the “  penny in the slot ”  weigh
ing m achines which are found on m any railw ay stations and 
other places of popular resort. In  these the spindles of the 
operative parts are carried on the peripheries of two loose discs 
or wheels which revolve freely w ith the spindles and thus 
elim inate the slight friction which wo\ikl occur if the spindles 
were carried on ordinary  fixed bearings.

Now it seems to me th a t these balls or rollers or free discs 
embody the whole principle of lubrication  by interposing a
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yield ing  medium between surfaces which would otherwise be 
in  actual contact and rubbing one on the other.

I  have seen several dem onstrations of the value of ball bear
ings, one, which struck me very much a t the tim e, was probably 
seen by m any of you. I t  was exhibited a few years ago 
by the Hoffmann M anufacturing Co., L td ., a t some of the motor 
shows at “ O lym pia.” I t  consisted of two bearings, each fitted 
w ith a pendulum  with a load of about one ton. One was fitted 
w ith balls, the other w ith a plain bearing. To the end of each 
jo u rn a l a crank handle was attached, and visitors were invited 
to tu rn  them . Tlie journal w ith the ball bearing was easily 
turned by the finger and thum b, while, according to the 
physical strength  of the individual, it took one or both hands 
and violent exertion to sta rt the p lain  bearing, although when 
started it was kept going w ith moderate effort.

I  have been induced to devote so much attention  to th is form  
of m echanical lubrication as it appears to me to illustra te  in  a 
visible m anner the principle which is equally in operation when 
oils or greases, which are more popularly regarded as lu b ri
cants, are used. I t  is now generally  conceded th a t all m atter 
consists of agglom erations of atoms held together either in  a 
liquid or a solid condition by some inherent power of a ttraction . 
I t  is also understood th a t, even in  the case of such homogeneous 
solid m aterials as iron or steel, the component atoms have the 
power, and, under certain  conditions, such as electrical influ
ences, do actually  change th e ir  relative positions. I t  is there
fore more easy to understand th a t, in the case of more mobile 
substances, which we call liquids, sim ilar movements of atoms 
m ay occur, and th a t, when a film of oil or grease is introduced 
between a moving and a stationary  surface, the film m ay be 
divided into a num ber of th inner films, the outer films in con
tac t w ith  m etal on one side and with the next film of oil on the 
inner side, each inner film rolling  or sliding between the two 
adjacent films till the centre film is found a t rest.

I f  th is theory of the behaviour of films is correct it  is evident 
th a t  it  offers a key to the value of different bodies as lubrican ts 
and a guide to the selection of suitable lubricants for different 
purposes and conditions.

L et us now endeavour to apply th is principle to the  three 
•different classes of m aterial which are generally  regarded as 
available as lubricants. These a re : —

1st. Solid lubrican ts as g raphite or sulphur.
2nd. Semi-solid lubricants as suet, tallow  or grease. 
3rd. Fluid lubricants— animal, vegetable, or mineral oils.
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1st. Judged by tbe suggested test the solid lubrican ts offer 

least advantage, as, from their nature, they  are not likely to 
resolve themselves readily  into a series of slid ing or ro lling  
films, but are ra th e r likely  to attach  themselves in tim ately  to 
the opposed surfaces sim ply transferring  the rubbing  surface 
from  the m etal itself to th a t of the m aterial w ith which i t  is 
coated. I t  is true th a t g raph ite  or sulphur may, by filling up 
the interstices in  the jou rnal and bearing, produce a perfectly 
smooth surface on these, b u t we have already seen th a t an abso
lu tely  smooth surface is in im ical to successful lubrication .

2 nd. Semi-solid substances, such as suet, tallow, or grease, 
can only be regarded as lubrican ts to the extent th a t they  m ay 
be, more or less readily , converted into oil. They offer the ad
vantage th a t, as heat is required to liqu ify  them , they  act as a 
store of lubrica ting  m aterial, but, a t the same tim e, they  have 
the disadvantage th a t they only provide lubrication  when a 
certain  am ount of heat, which it  is the object of lubrication  to 
prevent, has been developed on the bearing.

3rd. L iquid  oils seem to possess all the im portan t properties 
which are required in  a true  and efficient lubrican t. They m ay 
be easily applied in a variety  of ways, and w hether the bearing  
is hot or cold, the supply can be exactly adjusted  to the require
ments of the bearing and can be shut off when not wanted. 
W hen liberally  applied in a constant stream  they serve not only 
as lubricants, bu t act as cooling agents in carry ing  off the heat 
generated in the bearing from which they  also remove any 
m etallic or other particles which, if suffered to rem ain and ac
cum ulate upon the bearing, m igh t be the cause of trouble.

W e now approach th a t aspect of the subject which provided 
the motive which suggested the production of th is paper, v iz., 
an attem pt to discrim inate, in regard to th e ir value as lu b ri
cants, between anim al, vegetable, and m ineral oils.

W hen I  orig inally  undertook to deal w ith the question I  had 
hoped to arrange for a comprehensive series of experim ents on 
a very efficient testing  apparatus designed by my colleague, 
Mr. A. J .  Dodd, in  conjunction w ith the A dm iralty  experts.

I t  is an objection common to the m ajo rity  of testing  ap
paratus, th a t, on account of th e ir small size and th e ir  general 
departure from practical arrangem ents, they do not reproduce 
actual working conditions. The Dodd m achine, as you will 
see from the photographs which I  exhibit, is in  rea lity  a m in ia
ture propeller shaft working, as nearly  as possible, under the 
conditions which occur in  actual practice. The m achine con
sists essentially of a shaft 3 inches in  diam eter w ith a th rust
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collar 7ijr inclies in diam eter, and a horse-shoe bearing, the 
whole exactly reproducing a single section one-fourth size of 
the th rust block of H .M . B attle  Cruiser Royal Sovereign, and 
run  at four tim es the speed of th a t sh ip’s shaft in order to re
produce the same surface speed as th a t of the original.

The machine is driven by an electric motor on the shaft 
itself, to which power is transm itted  th rough a m eter which in 
dicates the voltage and the am perage (the pressure and the 
current) of the power absorbed in  driving  the apparatus. The 
m echanical pressure, or load, representing the th ru s t of the 
propeller, is applied by a bell crank overhanging the shaft. 
One end of th is crank term inates in a hardened steel point which 
fits in to  a cup-shaped orifice in  a floating disc, w ith ball bear
ings, in which the end of the shaft is received. E nd friction  is 
thus entirely  elim inated a t th is point. The other arm  of the 
bell crank connects w ith a powerful spring balance by which 
the pressure on the shaft is regulated. The m achine is norm ally  
run  at 560 r.p .m . with a load of 100 lbs. per sq. inch.

Our purpose had been, as I  have said, to undertake an ex
haustive series of experim ents w ith th is apparatus, testing  
standard  oils of the three great classes, anim al, vegetable and 
m ineral, in  a pure condition and m ixtures of m ineral oils w ith 
various percentages of the fa tty  oils.

A few prelim inary  tests, to w'hich I  shall refer la ter, had been 
carried out when wrar was declared. This unfortunate  occur
rence imposed a severe stra in  upon the resources, and especi
ally  upon the technical staff of the Belvedere works, and as 
each test occupies a whole day and calls for the continuous a t
tention of a skilled observer, it  has been found impossible to 
complete the series.

U nder these circumstances, and in order to fulfil my pro
mise to you, I  have been under the necessity of u tiliz ing  in 
form ation obtained from two series of tests undertaken m any 
years ago, under my own observation, some particulars of which 
have already been subm itted to you in a paper on m arine lu b ri
cation which I  read before you in  1910. I  propose also to avail 
myself of data  from Mr. Beaucham p Tower’s elaborate investi
gations and experim ents, and, finally, I  hope to find some 
confirmatory evidence in  support of my argum ents in  the  in 
complete series of tests made a t Belvedere.

The first series of tests to which I  refer was undertaken by 
myself personally, both as regards the ordinary  laboratory  tests 
and the mechanical or frictional tests.
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The tests were made somewhere about the m iddle seventies 

of last century. The apparatus used was an Ing ram  and 
Stapfer oil tester (F ig . 1). Numerous oils were tested, b u t I  
can a t present only find my reports on a few pure oils, which, 
however, will serve to illustra te  one of the principles which I  
wish to emphasize th is evening, viz., the statem ent made by 
M r. Bourne in the last paragraph which I  quoted from  him  
(see page 94) th a t “  if the viscidity of the unguent be greater 
than  what suffices to keep tbe surfaces asunder, an additional 
resistance will be occasioned.”

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

Each test lasted n inety  m inutes. E ach oil was tested two 
or three times, before breakfast, in the forenoon, and in the 
afternoon, sufficient tim e being given between each test to allow 
the bearing to cool down to the norm al atm ospheric tem pera
ture. The apparatus was fitted up in  an engineer’s shop—the 
works of John  Norm an & Co., P u lteney  Street, Glasgow, and 
was subject to variation  in speed of the m achinery in the shop 
which was affected by the load on the engine when a b ig  job 
was in hand. This accounts, in  p art, b u t not wholly, for the 
variation shown in  the table (A) in  the to ta l num ber of revolu-
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tions for eacli test and in  the average num ber per m inute. As, 
however, each of the values given in the table is the average 
resu lt of all the tests of each oil, I  th ink  th a t the effect of v aria
tion  in engine speed m ay be largely  discounted, and the greater 
p a rt m ay be safely a ttribu ted  to the greater or less viscidity of 
the oils.

The points calling for special atten tion  in  th is table are : —
(1) The viscosity of the oil a t 70° fah r., sperm oil 

being taken as unity .
(2) The tim e required to a tta in  m axim um  tem pera

ture.
(3) The m axim um  and constant tem perature.

The principal deductions to be draw n from the results shown 
are th a t, in  a very consistent m anner, the tem perature de
veloped on the bearing and the tim e taken to a tta in  constant 
tem perature, closely accord with the viscosity of the oil. The 
low average r.p .m . for castor oil and for rosin oil was doubtless 
due to the h igh  viscosity of these oils which is responsible also 
for the long tim e required to a tta in  m axim um  tem perature.

Inciden ta lly  I  ought to explain th a t in  conducting these 
tests I  had other evidence before me th a t the varia tion  in  the 
speed of the tester was not wholly, or even m ainly, due to the 
speed of the shop. I  was enabled to satisfy myself on th is 
point by  the fact th a t the belt driving the tester was loose and 
“ s l ip ”  was visible for a longer or shorter period in  sta rting  
w ith every oil except sperm.

The second series of tests was undertaken in  1886-1887, con
jo in tly  by M r. T. J .  P u llin , of B urton-on-Trent and myself.

Consideration of the results obtained from m y first series of 
tests had shown me th a t som ething more was wanted to deter
mine the lubricative value of an oil than  m erely the tem pera
ture developed on a bearing during  its use.

The other necessary factor was evidently th a t of the power 
required to drive the m achine.

I t  had also occurred to me, in contem plating m y earlier tests, 
th a t the reason why different oils developed and m aintained 
different constant tem peratures in  use m igh t be due to the fact 
th a t for each bearing, and subject to the conditions of load and 
speed, a suitable viscosity of oil was required, the tem perature 
of the bearing continuing to rise till th is had been atta ined .

M r. P u llin , who took much in terest in  lubrication , had de
signed an apparatus, a cross between the Ing ram  & Stapfer and
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the “ T hurston ,”  fitted w ith an appliance which enabled him 
not only to measure, bu t autom atically  to record, the working 
resistance of each oil. I  arranged w ith Mr. P u llin  for a jo in t 
series of experim ents to determ ine the correctness or otherwise 
of the theories which we had been discussing. I  undertook to 
make the laboratory tests before and after the m echanical 
tests for which he was responsible.

H is apparatus is shown in F ig . 2.
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The additional facts to be elicited by the enquiry w ere : —

(a) The resistance developed by each oil, and (b) the 
viscosity of the oil a t constant working tem perature.

The results of our jo in t investigations are shown in  table B.
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The in teresting  item s in  th is table are the viscosities of the 

various oils at norm al tem peratures, and the norm al working 
d rag  and tem perature and the viscosity of each oil a t the la tte r . 
I  regret th a t the com parative results are not quite so consistent 
as one m ight have desired, bu t I  give them  as they occurred, 
w ithout any attem pt a t correction, and, if allowance be m ade 
for error on the p a rt of the observer, who, in  the case of the 
m echanical tests, was not a scientific m an, b u t an ordinary  
warehouseman, the results m ay be accepted as generally  satis
factory. I t  will be observed th a t, in  respect to working drag 
and tem perature in  relation  to viscosity, the theory which I  sug
gested in  an earlier p a rt of th is paper is fu lly  justified, as the 
drag and working tem perature seem to ad just themselves very 
uniform ly to the viscosity, while, although still subject to slight 
irregu larities, it  will be seen th a t all the oils were reduced to 
practical u n ifo rm ity  a t th e ir respective working tem peratures.

This again  bears out the correctness of Mr. B ourne’s rem ark 
th a t “ ex tra  viscidity means ex tra resistance,”  as it  throws 
upon the bearing the necessity for developing a h igher tem pera
ture, a t the expense of ex tra power, in  order to reduce the 
lubrican t to a suitable body.

In  none of the foregoing tests are any particu lars given of the 
behaviour of m ineral oils, but, although I  cannot a t present find 
the records of tests m ade some forty  years ago, I  included 
several of the standard  m ineral oils of th a t period in  my earlier 
experim ents, and found th a t, as far as tem perature was con
cerned, which was positively determ ined, and in  regard  to slip, 
which was a m atter of personal observation, they seemed to be
have sim ilarly  to fa tty  oils of corresponding viscosity.

I t  was, however, clearly dem onstrated th a t whereas the few 
drops of fa tty  oil which were allowed for each test were never 
approxim ately  exhausted during  the period of the test, the 
m ineral oils barely  lasted out till the end of the test, while some 
of the lig h te r grades were visibly exhausted before the test 
was completed, in  some cases w ith detrim ent to the bearings.

I  now avail m yself of Mr. Beaucham p Tower’s valuable and 
in teresting  series of experim ents, probably constitu ting  the 
most exhaustive and instructive enquiry which has ever been 
undertaken in connection w ith the subject.*

Mr. Beaucham p Tower’s experim ents were made upon a 
cylindrical journal 6 ins. long by 4 ins. diam eter, a t speeds

* Reports upon friction experiments by Mr. Beauchamp Tower—Transactions of the Institution of Mechanical Engineers, 1st Report, November, 1 883 ; 2nd Report, January, 1 885 ; 3rd Report, May, 1 888 ; 4th and last Report, March, 1891.
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varying from 100 to 450 r.p .m ., and loads of from 100 lbs. to 
625 lbs. per square inch. From  the numerous tables in  which 
the results which Mr. Tower obtained are recorded, I  have made 
the abstract shown in  table C in which I  give only the figures 
obtained a t a load of 10 0  lbs. per square inch, as most nearly  
agreeing w ith the conditions under which the results shown in 
the other tables in th is paper were obtained.
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I t  is stated th a t the tests were made a t a tem perature of 90° 

fah r., bu t i t  is not shown th a t steps were taken to keep the 
bearing at th is tem perature or to take account of any varia tion , 
and, failing  th is, i t  is possible th a t some p a rt of the reduction 
observed in friction m ay have been due to increased tem pera
ture.

No particulars are given regard ing  the physical properties of 
the oils used in  testing. I  have therefore added, in  the columns 
headed specific g rav ity  and viscosity, these average particu lars 
of genuine specimens of the oils nam ed. B ut, as all oils are 
subject to some variation  in  these respects, it  m ust be rem em 
bered in  studying th is table th a t the particu lars m ay not accur
ately  represent the samples dealt w ith. These rem arks apply 
particu la rly  to the m ineral oil as th is includes grades vary ing  
in respect to viscosity from som ething lig h ter th an  sperm oil to 
som ething two or three tim es heavier th an  rape oil. As Mr. 
Tower, in  reply  to a question of mine upon th is point, said th a t 
the “  m ineral oil ”  was th a t generally  used in  the shop, I  have 
assumed th a t i t  m ay have been such a cheap m ineral oil of 
moderate body as is frequently  used in  an engineer’s shop in 
which more oil is wasted on the floor th an  is used on the 
m achinery.

Subject to these explanations, th is brief abstract of Mr. 
Tower’s experim ents is in teresting  and useful. The most im 
portan t resu lt for our purpose consists in  the fact th a t while all 
the fa tty  oils lasted out the full period of the test and, for au gh t 
we know, m ight have lasted longer, the m ineral oil “ gave in  ”  
a t 450 r .p .m ., either because the oil was exhausted or because 
the oil was insufficient for the work, a strik ing  corroboration as 
it seems to me of the fa ilu re  of m ineral oils which I  had found 
in my own experim ents.

F ina lly , we tu rn  to the incomplete series of Belvedere experi
ments which had, as I  have explained to you, for th e ir  purpose 
an attem pt to determ ine directly  the relative value as lubrican ts 
of fa tty  and of m ineral oils— our in tention  was to select typical 
specimens of each class, and, after determ ining the physical 
properties of each, especially th e ir  viscosity a t various tem pera
tures, to test each oil in  its nure state and subsequently to pre
pare and test m ixtures of the various oils in  order to ascertain 
the effect, if  any, of the addition of fa tty  oils to m ineral oils, in  
the reduction of friction.

All th a t the untow ard circumstances have perm itted us to do 
has been to test three standard  m ineral oils and a few of the
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leading fa tty  oils, and the results are shown in  the following 
ta b le : —
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I  exceedingly regret the im perfect and perfunctory  m anner 

in  which I  have fulfilled the very agreeable duty  which you did 
me the honour of lay ing  upon me. W e have, all of us, suffered 
more or less through personal loss of some relatives or friends or 
in  dislocation of business th rough  the crim inal m egalom ania 
of the greatest crim inal of Europe— of the world, and, had it 
not been my desire to avoid responsibility for adding to the 
m any troubles which already beset my good friend, your 
Honorary Secretary, I  should have preferred to postpone the  
fulfilm ent of my task til l, under happier conditions, I  could 
have performed it w ith greater satisfaction to you and perhaps 
w ith some credit to myself. I  thank  you for the p a tien t way in  
which you have dealt w ith my short-comings, and I  tru s t th a t 
I  m ay yet have an opportunity  of redeem ing m y promise more 
successfully under more auspicious circumstances.

--------o----— —

DISCUSSION.
The H o n . S e c r e t a r y  : Mr. W ilson has prepared th is paper 

and kept try st w ith us to -night at much inconvenience and under 
m any disadvantages, so th a t we are very m uch indebted to him  
for a most in teresting  paper, which could only be got from one 
of his experience. He has indicated some features th a t are 
generally  known, b u t others m ay be new to us. The references 
to the oil being carried between the surface of the journal and 
the bearings and to the journal and the bearing surface being 
too smooth, are details open to discussion. There are m any 
other points in  the paper which should lead to discussion, and 
we have an opportunity  of asking Mr. W ilson questions on the 
subject before us.

Mr. W a r r e n  : I  would like to ask Mr. W ilson a question. I t  
is generality recognised th a t m ineral oils are better th an  anim al 
oils on account of viscosity, but M r. W ilson d istinctly  states 
th a t vegetable oils are an im provem ent. I  am speaking ra th e r 
from the factory than  from  the m arine point of view, and from 
th a t point of view the m ineral oil m ay come in  better, as we 
have a d istinct method for keeping the bearings cool. H as 
Mr. W ilson any idea how finely powdered graph ite  acts? There 
is a tendency when graph ite  is used for it to set 011 the lower
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bearings, so th a t it fills up the inequalities on the surface be
tween the bearings and the journal. Perhaps these few re
m arks may induce discussion on the subject.

The C h a i r m a n  : I f  there are any items which require explana
tion I  hope members will mention them , so th a t we m ay have an 
opportunity  of discussing them . Perhaps, in  the m eantim e, 
Mr. W ilson would kindly answer the question w ith reference 
to the graphite.

Mr. Y b i t c h  W i l s o n :  Mr. W arren  has raised two or three 
im portant questions in regard to the m atter under consideration. 
He suggests tha t, 011 account of their viscosity, m ineral oils are 
better lubricants than  anim al oils. He inform s us th a t, in  the 
case of the p lan t in which he is interested, special arrangem ents 
are "provided for keeping the bearings cool, which has a very 
im portant effect on the result, and he asks whether I  can offer 
any opinion regarding the value of g raphite as a lubrican t.

I  shall a ttem pt to deal w ith these points seriatim .
As regards the respective value, as lubricants, of m ineral 

oils and of anim al or vegetable oils, I  did not th ink  th a t any 
question could be raised as, during my fifty years’ active con
nection w ith the oil trade and continual intercourse w ith men 
in all trades, both land and m arine, in  which lubricants are 
used, I  have never met anyone who hesitated to express the 
opinion th a t in respect to their power of reducing friction, fa tty  
oils, anim al or vegetable, are superior to m ineral oils. U nder 
certain  conditions, arising in connection w ith steam cylinders, 
steam  turbines, ring  bearings w ith bath  lubrication, and some 
tex tile  m achinery, in  which, through exposure to steam, to 
moisture or to the action of the atmosphere, fa tty  oils m ay 
develop acid, m ay be oxidised or m ay produce saponaceous 
compounds, the lubricative advantages of fa tty  oils m ay be 
surrendered in favour of m ineral oils which are not affected by 
the conditions mentioned, but the only people whom I  have 
met who advocate the universal superiority of m ineral oils were 
those who are wholly and exclusively interested in their production .

As far as I  am concerned I  th ink  th a t sufficient justification 
for the a ttitude which I  assume, will be found in  the friction 
tables which are given in  my paper. I f  I  am asked to offer 
reasons for the superiority  which fa tty  oils possess over m ineral oils, I  would su g g est:
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(a) th a t fa tty  oils have greater surface tension, i.e ., th a t they 

have the power of being, by pressure or otherwise, reduced to a 
finer film than  m ineral oils w ithout being ruptured .

(b) th a t, in  regard to viscosity, which Mr. W arren  regards as 
■one of the points in which m ineral oils are superior to fa tty  oils, 
the former are inferior to fa tty  oils in  respect th a t m ineral oils 
are affected by heat to a much greater extent th an  fa tty  oils, and 
rapidly  and to a great extent lose their body as the tem perature  
rises.

This disadvantage m ay be wholly or p artly  overcome in Mr. 
W arren ’s case if his cooling arrangem ents enable him  to m ain-O otain a constant tem perature 011 his bearings.

I  m ay add th a t num erous cases have come before me in  which, 
when pure m ineral oils have failed to give satisfaction, the 
addition of a sm all percentage 5, 10 or 15 per cent., of anim al 
•or vegetable oil has given perfectly satisfactory results.

As regards the value of graphite  as a lubrican t, i t  is commonly 
supposed th a t i t  should improve lubrication , bu t reports which 
I  have received from some who have tried  it ra th e r point in the 
•contrary direction. Some advocates of graphite , including 
Dr. Atclieson’s Company, m ain ta in  th a t it is a very fine th ing  
and th a t means of incorporating w hat is supposed to be 
g raphite , in  a deflocculated form, in  oil has been discovered. 
But the question as to whether it is or is not really  g raphite 
has been raised and it  is also questionable whether the im prove
m ent claimed is due to superior lubrica ting  properties or to some 
im provem ent in the surfaces of the bearings.

One of the series of practical experim ents to which I  refer 
was conducted in our own works a t Belvedere, w ith g raphite 
and w ith various kinds of oils, and the results were unsatis
factory. I  do not w ant to emphasize th is too m uch, and I 
should like to investigate i t  fu rther. The surfaces m ay have 
been im proved, b u t we were not induced to adopt g raph ite . I  
may add th a t we had recently  given us, in  confidence, a long 
series of reports upon a num ber of experim ents conducted by an 
em inent firm of continental engineers. They were interested 
in the graph ite  question and made extensive tests, tak ing  
ordinary shop oils, and although I  cannot recall the figures I  
remember th a t the outcome was th a t they found th a t they  did 
better w ith ordinary  cheap oils th an  w ith g raphite , and by 
using th e ir own oil a little  more liberally  they got better results. 
I  am sorry th a t th is is all the inform ation I  have a t present.
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(Mr. Yeitcli W ilson then exhibited two large photographs of 

the “ D odd”  testing  apparatus to which he had referred in the 
course of his paper. These photographs, which are reproduced 
below, were fully  described by Mr. J .  J .  Baton, Head E ngineer
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Pig. 4. Mr. A. J .  Dodd’s Friction Tester (E nd View).

of the Belvedere W orks, who answered num erous questions re 
gard ing  them . Mr. Paton  explained th a t they endeavour to 
get the com parative tests made, as nearly  as possible, under the 
same conditions, using about a p in t of oil in  each test. The 
result of these tests pointed to an im provem ent by the in troduc
tion of fa tty  oil w ith the m ineral oil as the m ineral oil alone 
only seemed to hold good for moderate tem peratures, being un
satisfactory for h igher tem peratures. He supposed th a t  the 
addition of fa tty  oil to the m ineral oil gave greater unctuousity.)

Mr. J .  C l a r k  : W e always listen to M r. W ilson’s papers with 
great in terest, as we know he is a great au thority  on oils, and I  
th ink  I  am rig h t in saying th a t he advocates a compound oil. 
I t  has been m entioned w ith the com parative tests th a t the com
pound oils broke down under certain  conditions. Mr. W ilson 
has given us a table of Mr. Beaucham p Tower’s results which
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confirms th is. A t the same tim e, it is perhaps necessary to con
sider some of the results given in th is table. The viscosity of 
olive oil is given as 215/220 at 70° F ah renheit and 75 a t 120°' 
Fah renheit respectively; taking frictional resistance from the 
table a t 10 0  revolutions per m inute, the frictional resistance is 
given as -36, carried on to 450 revolutions per m inute it  is -89. 
The m ineral oil in the table comes n e x t ; it starts w ith a lower 
norm al frictional resistance and m aintains th a t lower ra te  up to 
400 revolutions, then at 450 the bearing has seized. I t  is u n 
satisfactory, one m ust adm it, th a t there is no reason given why 
the bearing then seized. W hy should a m ineral oil m ain ta in  
itself up to 400 revolutions and then at 50 revolutions more th e  
bearing seizes? There are m any th ings to cause a bearing to 
seize, bu t one of the last th ings blam ed is the oil. The in fe r
ence in  this instance is to the opposite. I  should like to ask a 
question regarding the proper lubrication  of ball bearings. 
Some makers advocate greases, others oil. Mr. W ilson has- 
referred to tests th a t he was unfortunately  unable to complete 
in tim e to give us the results to-night, but, if I  am not tres
passing, I  m ight suggest th a t perhaps he m ay be induced to  
give us these tests la ter on, because from  w hat has been said 
they are evidently of very g reat use in connection w ith oils. 
Then, w ith regard to Mr. W ilson’s rem arks about the waste of 
oil, I  do not th ink  anyone will deny there is a considerable 
am ount of oil wasted, bu t I  hope th a t there is not anyone here 
present who will agree th a t more oil is wasted on the floor than  
is pu t on the m achinery. In  such a case somebody ought to 
get into trouble.

Mr. Y e i t c h  Wt i l s o n :  Mr. Clark has called attention  to 
Beauchamp Tower’s experim ent, made some th ir ty  years ago. 
As far as I  can now remember I  was present a t some of the  
meetings when he presented his reports, and I  took some p a rt 
in  the discussion upon the subject, but, as I  have explained in  
m y paper, Mr. Tower gave no particulars of the oils which he 
used, which is unfortunate . Mr. Clark calls a ttention  to th e  
fact th a t no explanation is offered why m ineral oil which, ap
parently , continue to give satisfactory results up to 400 r.p .m . 
should have seized a t 450 r.p .m . I t  may, of course, have seized 
at some point not stated between 400 and 450, b u t I  th ink  th a t 
the explanation is, and I  called attention  to i t  in  discussing the  
paper, th a t, as no special arrangem ents were made to m ain tain  
a constant tem perature and no note seems to have been taken of 
the tem perature of the bearing, the tem perature was unsuspect- 
edly rising  with the speed of the journal and the body of the
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oil was being proportionately reduced by the increasing tem 
perature till somewhere between 400 and 450 r.p .m . the film 
of oil was rup tu red , m etallic contact ensued, and the bearing 
seized. In  the course of my own experim ents in  18T5 I  had a 
sim ilar experience. My tests included m ineral oils, although 
particulars of these are not given in the table on page 1 0 0 . I  
observed, however, th a t m ineral oils in  regard  to tem perature 
developed, and the frictional resistance behaved very much like 
fa tty  oils of the same viscosity, bu t while in  no case were the  
fa tty  oils exhausted by the end of my tests, the m ineral oils in 
variably showed signs of exhaustion before the tests were com
pleted and in  the case of some of the lig h ter oils having about 
the same viscosity of sperm oil, the bearing began to whistle 
and smoke w ithin  half-an-liour, and the brasses were found to 
be fired and scored, although the fa tty  oils all ran  norm ally  till 
the end of the test.

Mr. Clark also refers to acidity . This is a point upon which 
I  have not touched as I  th ink  th a t we have heard sufficient of 
acids and th e ir effect upon bearings and know how to avoid 
them.

As regards ball bearings, the firm of Hoffman recommend 
grease, bu t I  th ink  th a t, on the whole, the users of ball bearings 
prefer a compound oil, and I  th ink  th a t it is best. Grease acts 
as a packing, and prevents g rit, m oisture or other m atter from 
getting  into the bearing, bu t I  th ink  th a t, if the bearings are 
oil tigh t, oil will give better results.

W ith  regard to the waste of oil on the floor, I  m ay perhaps be 
perm itted to ju stify  my statem ent by saying th a t I  had my in 
form ation from  the head of a well-known firm of engineers in 
Glasgow, Messrs. Clarkson, who once said to me “ I  know the 
advantage of using better oils, bu t three-fourths of the stuff 
goes on the floor and the cheapest oil is good enough for th a t .”

The C h a i r m a n  : There used to be great stress la id  on the use 
of g ra p h ite ; evidently graph ite  is very useful in  reducing  
friction, and, if we could get some definite tests it  would be very 
interesting. I  have used graph ite  myself m any tim es in  con
nection with ball bearings, in the same way as I  have used 
sulphur. B ut according to w hat Mr. W ilson has said, g rap h ite  
is not good used in  large quantities. He also pointed out th a t 
fa tty  substances have to be reduced to oil before they are lu b ri
cants. This opens up another feature for review.
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Mr. V e i t c h  W i l s o n :  In  reply to tlie C hairm an’s rem arks 

regard ing  the use of graphite, I  take th is opportunity  of saying, 
in addition to what I  have already said th is evening, th a t, as 
greases m ay carry  particles of lime or of other hard  substances, 
which may damage the delicate surfaces of the balls, such 
semi-solid lubricants ought to be carefully  avoided, and the 
same rem ark applies especially to all lubricants, w hether in 
the form of grease or oil, into the composition of which graph ite  
enters.

A M e m b e r  : There is one more point I  should like to m ention 
w ith  reference to the rem arks about vegetable and m ineral oils. 
I  th ink  the point is th a t m ineral oil does not last, i t  breaks up 
more rapidly . I f  anybody takes the trouble to look a t m ineral 
■oil and apply heat, he will see, if he look a t it, th a t it  breaks 
like glass when it  goes on the journal, the apparent body of the 
oil is rapid ly  lo s t; and if  you want the oil so thick th a t i t  re 
quires heat to th in  it, does not th is reduce its effectiveness? Is  
th is a characteristic of the action of the m ineral oil, or of cer
ta in  compound oils.

M r. V e i t c h  W i l s o n  : I  en tirely  endorse the rem arks which 
have been made by the last speaker. I  would only add, in 
reference to his concluding rem ark, th a t the addition of fa tty  
oil to m ineral oil seems to exert a softening influence upon the 
la tte r, m ay even be supposed to grease the molecules of the 
m ineral oil and to reduce th e ir in ternal friction. Or i t  m ay be 
th a t the m ineral oil serves as a vehicle for the d istribution  of 
the fa tty  oil while the fa tty  oil does the lubrication. I t  is a 
strange th ing , well known to those who have given attention  
to the m atter, th a t, if we m ix, say equal quantities or any other 
proportions of a m ineral oil and a fa tty  oil of known viscosities, 
the viscosity of the m ixture is lower than  the arithm etical mean 
of the viscosities of the separate oils, which seems to support my 
theory th a t the in ternal friction of the m ixture has been re 
duced.

The C h a i r m a n  : I  believe there is a division of opinions as 
regards m ineral and vegetable oils, and I  th ink  th a t Mr. W ilson 
recommends a mixed oil for in ternal combustion motors. 
W e also find as regards lubrication  th a t hydrocarbons or 
m ineral oils are generally  preferred in  extreme heat. I t  is 
more the efficiency of lubrication  th a t Mr. W ilson has brought 
before us to-night, and unfortunately  he is not able to give us 
the tests he hoped to give. I f  110 fu rther rem arks are fo rth 
coming, I  will ask Mr. W ilson to give us a few concluding re
marks.
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Mr. V e it c h  W i l s o n : The C hairm an has raised the very im 

portan t question of the use of m ineral oils in  in te rna l combus
tion engines. You cannot very -well test lubrican ts in  your 
engine on the bench, but we have another m eans of 
comparison altogether. I f  a m an is going to Brooklands, 
he sends for a gallon or two of cheap oil for use on 
the road, but, d irectly  he gets on the track  he uses 
compound oil. Aviators have even been using castor oil, 
an expensive oil, and one difficult to introduce to the engine. 
They use compound oils when they want to get the best resu lt 
out of their machines, and cheap oils when they are jogging  along 
in the ordinary way and do not want high results. I  was recently  
discussing in ternal combustion engines w ith the /M anaging 
Director of a well known firm of makers of gas and oil engines 
when he disagreed and said : “ You and I  belong to different 
schools, you have your ideas and I  have m ine.”  I  though t I  
had more inform ation and said th a t I  knew cases in  which gas 
engine makers, who do not use compound oil regularly , take it  
for the ir tria ls  and show engines. B ut, if an engine wants 
feeding give it compound oil. I  have heard  th is from  a good 
m any people whose names I  am  not a t liberty  to quote. I  dis
covered on a recent v isit to one of these continental m akers, th a t 
he had changed his view as to the m echanical effects of the 
introduction of a m ineral oil for lubrication  for in ternal com
bustion engines and had adopted compound oils. A 10 per cent, 
m ixture has been used w ith satisfactory results where a 
m ineral oil has failed. I  give th is as an exam ple, not as a 
dogm atic assertion.

A vote of thanks was then proposed and passed to M r. Veitch 
W ilson for his very in teresting  paper, and also to the C hairm an 
for presiding.


