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This thesis discusses the results obtained by experi-
ments carried out on the friction of 'Fabric' material.
It presenté a general analysis of the suitability of
cotton, asbestos, and metaels as friction materials, and
the combination of these materials in bonded form as
brake and cluteh linings. The tests to be described
were carried out in order to determine the coefficient of
friction, wear properties, and general behaviour of a few
- of the mahy fabric materials under varying conditions of
_1oad, rubbiﬁg speed, and temperature. |
Special study has been given to the variation of fric-
tional resistance at speeds varying from 0.5 to 50 feet
per minute. ‘It has been shown, that with a cotton bonded
fabpic the frictional resistance is very high at "crawl
speeds", and gradually diminishes as the speed increases.
The effect of temperature on the wear of fabric material
and on the destruction of the binder used has alsc been
studied. Throughout the experiments it has been noted
that & thin film of iron oxide changes the value of the

coefficient of friction almost as much as & film of oil.




INTRODUCTION

The desire to have a brake or clutch lining which
would give a higher coefficient of friction, a gfeater
dissipation of heat without burning or sparking, and as
great 1f not greater durability than cast iron or steel,
has been the incentive towards the manufacture of fabric
materials. Especially has the development of electric
trains and motor cars produced a great demand for depend-
able fabric linings. Although such linings have been
shown in practice to possess economic and mechanical ad-
vantages, little has been published concerning their funda-
mental properties.

The increasing need for verification by actusl experi-
ment of the results claimed by various makers has prompted
this research work. The different fabrics tested are
given by their trade names - (i) 'Ferodo Fibre'! which 1s a
woven impregnatéd cotton; (1i) 'Ferobestos! is a woven
impregnated asbestos; (iii) 'Ferodo Bonded Asbestos!,

(iv) 'Breko!, (v) Checko, (vi) Raybestos which are made
mainly of bonded asbestos woven on to a copper, brass, or
White-métal wire reinforcement, and impregnated with a bind-
ing material; (vii) Ioeco, (viii) Fabroil, which are made
by hydraulically pressing together impregnated layers of
woven cotton or duck. In addition to these eight materials
which form the main test materials to be examined, compar-
ative tests were made on bronze, wood, leather and 'gatex!
(special belting material).

A microscopic examination of the material showed that
item (1ii) contained probably up to 30 per cent of cotton;
item (iv) was almost entirely pure asbestos woven with brass

wire reinforcement. The amount of wire is a varying



quantity not only in the different fabrics, but also on
the successive layers of the same fabric, (see figure 2a).

The items (vii) and (viii) are fabricated material
used for wheel teeth and friction discs, manufactured to
take the place of rawhide and compressed paper. These
materials are used for bearing bushes where water is used
as the lubricant.

The surfece against which all these materials were
run was cast iron. This cast iron surface was maintained

8t constant temperature elther by a supply of cooling

water, or by heat from gas burners.




PRELIMINARY TESTS

In order to recognize the main differences between
the asbestos, cotton, and cotton-asbestos lining material
preliminary microscopic examination was made. Examples
of Canadian and Russian mined asbestos were examined.
~ Fig. 1 (a) shows Ehe material as mined with its long
straight slippery fibres. The micro-photographs, Fig. 1 (b)
and Fig. 1 (c) show respectively the cotton and asbestos
partly finished ready for spinning into threads for weaving.
Fig. 2 illustrates brake linings, one of pure cotton which
is readily recognized by its twisted hard short fibre, and

the other a 30% cotton-asbestos woven material.

() To compare pure asbestos with cotton (Fig. 1 (b)
and Fig. 1 (c)) as a braking maberial, a pad of asbestos
was used ss a brake to stop a small heavy rotating fly-
wheel. The pressure was sapplied to the pad by springs
of known strength. A gimilar pad of cotton was sub-
stituted for the asbestos and further tests carried out
under the same pressure condition. In all the experiments
the cotton pad took a more sudden grip, causing vibrations
or Jjerky motion in the slowing up of the flywheel. It
was also found that the cotton surface became glazed. A
rubbing wear test was carried out on the same materials,
and it was observed that, with temperatures of rim about 180° F.
the wear on the cotton pad piece became very rapid. ‘The
wear of the asbestos pad was inappreciable. These pre-
liminary experiments showed that cotton as a friction-fabric

material might possess unsuitable qualities.

(b) Comparison was made of the different binding

‘material used. Samples of the fabrics (i.e. viii) were
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placed in a vessel which was supplied with steam at a
pressure of 80 to 100 1b./in2. The steam did not burn

the cotton fabrics, but after a short period of its spplica-
tion the binding material was destroyed. The samples of
fabrics were also placed in cold water, and in hot water
with rust in suspension. The results showed that the
synthetlic resin used had formed a good weather-proofing

and rust-resisting surface. Himilar tests with sulphuric and
nitric acid showed that only the latter had any effect on

the surface of the brake linings.

(g) Carbonization testé were carried out in a small
electric furnace in order to test how much combustible
material each fabric contained. The weight at 100°, 2000,
300° and 400° F. was noted. At 500° F. the impregnation
material became plastic, and falled as a binding substance
at 600° F. The pure asbestos brake linings showed no
change of weight at 400° F., but the weight of others
varied from 7 to 30 per cent. of initial weight, the in-

flammable material being cotton used in the weaving process.

(d) The tensile stress of the various friction fabrics
varied from 3500 to 5000 lb. per inzg the compressive
pressure with measurable reduction in thiclmess was 1,000
to 2,000 1b. per in®; the weight per cubic inch was 30
grammes for material woven on brass wire, and for material
without metal 15 to 20 grammes. At 400° F., and with a
pressure of only 300 1b. per sq. in., carbonization took

place and the lining charred,

(¢) Laboratory tests using flat smooth cast surface
(horizontal and inclined) also specially designed apparatus

to give constant pull are described later, Fig. 7.(p-.l2a.)



(f) Abrasion tests were carried out with the several
brake linings; it was found that the grinding could only
be carried out successfully on the fabrics which were woven
on brass wire.

More complete tests were carried out on a drop stamp,
where a weight of one ton was lifted through 15 feet at a
speed of 1000 ft. per min., by means of a ferodo belt
pressing on the rim of a friction wheel with an average
pressure of 100 1b. per sg. in. These tests lasted only
for 20 to 30 minutes. In this time the friction wheel
which was air-cooled, changed its temperature from 80°
(Smithy temperature) to 520° F. When the work done ex-
ceeded 50,000 ft. 1b. per minute per sq. in. of ferodo
excegsive wear took place. The author was also able to
make a comparison bebween a one ton Massey stamp using (a)
water-cooled drum with wood blocks as brake material, and
(b) fabric lining with air-cooling only. Experiments
were carried out at the works of the Gartsherrie EngineeringL
Co. For continuous working the brake linings containing
cotbon were most unsatisfactory and the drop stemp had to
stand until the brake cooled. From measurements of the
wear during these tests it was found that taking cast iron
as the sbtandard, the following.wear ratios were obtained:-
cast iron on cast iron 1/1; asbestos on cast iron 12/1;

cotton on cast iron 26/1.

TESTING MACHINE

A machine was designed on which three series of tests
could be carried out; the first of the series covering a
range of speed from 0.26 to 2000 feet per mimube; special
attention being given to the speeds between 0.6 and 55 ft.
per minute ("crawl speeds"). The amount of drag on the

fabric material was measured.

In the second series the same speeds were employed



/0,

but the temperature was to be varied from 55° to 500°F.
efher

This cduld be done/§§ a varlation of the applied pressure

between the fabric and the wheel, or by the application

of external heating. The temperature of the rubbing

surface ... was - - measured by a thermo element in which

a small copper wire 1s embedded. The performance is a

measure of P, fV“/AE} _u= coefficlent of friction,

/é - radial pressure on contact surface, /4 = brake

covering or rubbing surface; the average slip velocity

is measured. The third series is a wear or fatigue test,

measurements for which may be in thousandths of an inch

of wear, or grammes weight loss of materilal.

The machine, on which the first series of tests was
carried out, is illustrated in Figs. 3 and 4, also Figs.
5(2) and 5(b). This machine has been fully described in a
previous wxvimﬂkﬂ'> and only the main features are mentloned
here. Referring to these figures, D is a cast iron wheel
driven at a uniform speed by am electric motor, the drive
being teaken by an arrangement of belt drivés, an eplcyclic
gear, and a specially geared lathe running headstock.
Pressing on the rim of the brake-wheel is a block E which
carries four pads of friction fabric materlal, F, and the
variable load, W. This pad holder floats on the rim of the
wheel and is connected by means of links to bell cranks, G,
which are fittéd with well lubricated ball bearings.

The other ends of the bell- crank levers are connected to
é dashpot H, and a spring balance, S.

The object of the dashpot was to damp out zny vibration
which might be set up, and also to balance the linkages
attached to the spring balance. The position of the fabric
friction material on the brake wheel could readily be
adjusted at each change of conditions. It will be seen
that with this arrangement the pull exerted by the friction

material/

9 Lubmitted with Fgogs
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material, when the wheel is rotating againstAit, is
transmitted to the spring balance; (a weighing machine
was substituted for the spring balance in the lubricated
material tests.). The arms of the bell-cranks, G, are
of unequal lengths, the leverage being 2 to 1, making the

pull on the spring balance P = ¥/5 1b.

The advantages claimed for the machline as designed are
direct‘application of load with no twisting action;
direct readings of pull with no tilting action; easy
adjustment of loading and change of speed. This machine
can readlly be adapted to carry out static friction tests.
The brake wheel can be fixed to keep it from turning and
the friction material allowed to slip on the rim. The wear
which tekes place in the material can readily be measured
even with the machine running during endurance tests.
Either a supply of cooling water was applied to the
underside if the rim of the brake wheel, or a supply of
heat from bunsen burners applied to the channel section

rim, Fig.3, page 1ll.

A dilagramatic plan view of the drive of the machine 1s
shown 1n Fig. 5(b). The main shaft, M.S., is driven by
the motor whichuruns at.approximately constant speed.

The drive is taken by either of two belts (1 and 2) to the
éounter shaft, C.S5. The pulley of belt, 2, contains an
epicyclic gear which méy be used either direct, or with
100 to 1 reduction. Thus in this gear three speeds may be
obiained, represented by 1, 2, and e. The drive from the

countershaft to the gear box is taken by a three speed cone
a

pulley, giving/further three speed, a, b, and c.
Finally, the tﬁrret—head-lathe gear box gives a further

three/
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three speed variation, A, B, and C., so that by taking

2ll the possible arrangements of these drives 27 speeds
may be obtained. Gaps in the speeds may be bridged by
changing the speed of the motor by adjustment of the brushes.

On the 26 inch diameter brake wheel the minimum rim
speed was 0+26 ft. per min., and the maximum nearly 2000 ft.
per min. To avoid changing the speed of the motor, |
pulley, x, was replaced by one four times the size, and in
this way a very complete and close range of speeds could be
obtalned, especially at the lower speeds.

Temperatures at the interface were measured by
calibréted iron-eureka thermocouples, The wire was not
allowed to rub on the surface of the Wheél D, but two wires
passed into the fabric friction material very closely to the
outer surface, and two touched the inner surface.

The wires were insulated from the cast iron b#eke block
by porcelain tubes. Leads to the potenticmeter were so

arranged as to cause né difficulty with friction test.

EST PEKCCEDURE

Static Friction and low Speed Tests - Before any
runﬁing tests were carried 6ut, an attempt was made to
determine the static friction of the gifferent fabrics.

The surface of the brake rim was washed with petroleum

éther. The pads of brake material had been previously
fitted to £he curvature of the wheel prinm. A long run

was then made, heavy loads were applied by means of a central
spring balance attachment, the tempergture rose gradually to
550°0F. The comparative values of the coefficient of
friction, &1th the different materials during this preliminary
running, are shown in the upper part of Fig.6., page 14,
plotted on a time base/
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base, ~and.- shown as a matter of interest.

When a good rubbing surface was obtained, i.e. the
friction fabric embedded on the wheel, the wheel was locked
so that no motion could take place. The balance and
dashpot rods were removed leaving only the block E with
links and bell-cranks. Varying loads, W, were placed on
the block E, and known weights were hung on the end of the
' right-hand bell-crank until the block began to move.

The largest weight, /2, which could be applied to the bell-
crank and ¢ cause uniform motion of the block, E,

was taken as the statid pull, £7’fec/zire /E//, W= 2R

This was verified by applying weights to the left-hand bell-
érank until motion took place in the opposite direction.

The difference in the value of the weights on the right and
Ieft hand levers was taken as the pull and the average of a

number of such readings was taken as the final reading.

Tables for Static Friction Tests. (Table 1).

II. 'Ferodo' Bonded Asbestos 1. 'Ferodo' Fibre
W 1b./in® 4 1y, W 1b./in2 g 1p.

7 395 0-31 7 4.0 057
14 5.2 0-37 12-1 6.8 0-56
28 9.2 0-33 17-2 9.9 0-57
42 14-8 0-35 : 223 132 0-57
56 20.8 037 2744 15.0 0.55
66-2 224 0-32 32+5 18-2 055
76-4 2a-4 0-32 35-4 232 0-66
86.6 26.8 0.31 44.6 29.0 0.65

IV. 'Breko! VI. Raybestos

7 2.6 0-37 7 3.0 0-43
12.1 4.2 0.35 12-1 4.4 0-36
17.2 6.2 0.34 17.2 6-8 0.40
22.3 7.6 0.34 22.3 8.4 0.38
27.4 9.2 0.34 ’ 27.4 10-4 0.38
32.5 11.2 0.345 32.5 12.0 0.37
35.4 10.4 0.31 35.4 10.0 0.29
44.6 12.8 0.29 44.6 12.8 0.29

These/
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These experimental results have been carried out under
the usual very difficult means of the invesbigator having
to tell when uniform mobtion begins and whether 1t is
continuous.

Further static friction tests were made using a long
cast irvon runway, the surface of which was much the same as
the surface of the braske wheel. Thils gave a much longer
distance to travel, but the same difficulties were inherent.
As a check on previous results this test proved quite satis~
factory, showing that the two cast iron surfaces were

very similar.

Auxiliary Testing Machine - In order to make certain

that the coefficlent of friction at very slow speeds was
correct, a small variable gear machine was put together,

and this was used with an automatlc recording arrangement.
This auxiliary machine was driven from the‘main shaft of

the friction machine, and could be made to give continuously
varying rubbing velocity. ,

Fig. 7 shows a conical grooved drum driven at a con-
stant speed by a narrow belt from the end of the gear-
lathe headstock. The drum shaft has been extended to form
a roller over which a strip of paper travels. The pull
cord passes over a gulde pulley mounted on a swivel bearing
Suspended from a spring. The pull on the trolley cord
gives a deflection of the pulley varying in accordance with
the magnitude of the pull on the frietion fabric. These
spring deflections are magnified up by means of a lever

arrangement, and are transmitte%//
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transmitted by a cord and a counterweight te a carriage
which carries a pencil.

Since the conical drum rotates at constant speed,
the cord is pulled in at a continuously increasing speed,
and the magnitude of the pull will be recorded on the strip
of moving paper. The base of the curve traced will be in
terms of the speed, and a suitable calibration of the
ordinates in texms of the coefficient of friction of the
‘material under test.

The speeds used were 0:64 to 3-2 ft. per min.

2.6 to 13 ft. per min,

120 to 60 ft. per min.
with loads verying from 16 to 32 1b.

This preliminary speed test confirms the values of those
derived from the Friction Testing Machine and a sample
curve obtained is shown, Fig Jia), A /Z@).

As a final preliminary test the Friction Machine was
madé fo run at a constant speed with varying loads. Thié
was done by placing a varisble resistance in series with
the motor windings. The selected speed was 27.2 ft. per
min. and loads on the friction fabric were varied from
7 1b. per sq.in. to almost the destructive crushing
pressure. It is found that Ferodo Fibre did not conform

F ,
to the law § = AL but gave results which when plotted

gave & law more nearly F
F= /-nc tron 7/°"ce, <6,

ai :t b N = Hoyma?l 10&.3., lé{ﬂ;‘ﬂi""

0:348N - 075 1b.

When the point at which F is not altered by load,
¥s reached, the coefficient has changed from 0-329 to 029
The Ferodo's appear to be the more homogeneous of all the
friction materials under test, but they also show
irregularities in structure, which show themselves during
long running tests. According to Loney the friction

increases at a greater rate than the normal pressure up {0 a

certain point.

RUNNING TESTS
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RUNNING TESLS.

Calibration of Machine. - In all friction machines it is

neéesaary to have uniformity of conditions when taking
readings. A zero reading or machine multiplier must be
predetermined. The machine is fitted wdth an adjusting
screw in the form of a right and left hand screwed turn-
buckle and locking arrangement. By means of this
adjustment the measurements between the stops and the
right-angle facing or projection on the bell-craenks can be
made equal. A gauge is fitted and can be used throughout
any series of tests; the gap being adjusted before any
reading was taken. The best form of gauge was found to be
a hardened steel roller. The reading which then appeared
on the springbalance, 2+8 1lb. was taken as the zero, and
had to be subtracted from subsequent readings.

To test the accuracy with which the springbalancé
pulls could be read, the machine was run at 60 reve. per
min. and loaded until #Aedelf drive could not be depended
upon to keep this constant speed. The friction fabric
carrier weighs 7 1lb. and to this at regular intervals of
2 1b. 20 loads were added and the corresponding readings

taken of pull recorded at springbalance.

Rable (2)

60 R.P.M. Loads being added - 'up'. Load being taken off - 'down'

&

+3b. 1:3 1.65 2

U 75,
13 1+65 2 2.5 3 3.5 4 4.6 5.1 5.6 6T 7.15 8~ 10.5 10.28"

Jown

2.5 3.15 3.7 4.2 4.7 5.25 5% 6.15 7.15 8.15 10.75 10.2

Tabl
87 R.P.M. e (2)

to.

b, 1.3 1.6 2 2.5 3 3.4 3.9 4.45 5 5.8 8425 O £Z

up 75.
125 1.6 2 2¢6 3.15 3.6 415 4.6 5.1 6 8.5 /764_

Jown 16,

The/
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The second place of decimal is only approximate.

The Speed is taken by means of a revolution counter
driven from the main shaft of the geared headstock.
In the meantime calling the steps, 'Low', 'Mid', 'High',
using the Epicyclic and 4" pulley -
Low - 1 turn in 24} mins., = 0.28 ft. per min.

¥id - 1 turn in 8} mins. 0.825 ft. per min.

High - 1 turn in 243 mins. 2.7 ft. per min.

Low - 8 r.p.m.

54.5 ft.per min. without epicyclic gear

Mid - 24 r.p.m. 1635 ft.per min.

High - 73 r.p.m. 496 ft. per min.

The Applied Loads are 7, 14, 21 , 28, 35.65, 45.85,

ted of
61,5, 71.7db, These - < carrier block; 4 rods and hanger

flange&, pivoted to hang plumb, and series of applied dead
loads. It was considered much better to use dead loads, .
and to dispense with centfal balance when determining the
coefficient of the fabric material. On the wear and
temperature effect tests the central springbalance was foqnd

useful.

Range of loads at slow speeds- Epicyclic Gear in &se.

Table (4)

(SEE ATTACHED SHEET)
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Range of Loads at slow speeds.

Epicyclic Gear

in use.
Fevodo Bonded aspeslos (30 % cotton) TABLE (4)
- B kwa&.dwdwﬁw\xﬁwww _ :
Spsed 7 1b. 14 1b. /fNH.mm 1b. 28 1b. __35.65_1b. 45.85 1b. _61.5 1b. 71.7 1b.
ft./min. Pull «&. Pull _«& Pull _« Pull A Pull _« Pull _« Pull _« Pull _«
Qawm .08 o:wa 1.91 Q.NW 4.78 0.45 4.95 0.35 6.1 @.wm, 8.3 psw»h 10.56 @.w» 2.2 o.w»
0.35 . 0.89 0.25 2.15 0.31 & 0.47 4.68 o..m& 6.7 0.38 8.2 o..,m&,. Ho.,@ o.u.m‘ 11L.9 o....w&
0.566 0.86 0.25 2.52 Q,,..mm 3.9 o..mq —4.75 Q.w» 6.1 @.@p _wm Duc 2.8 o..uu. 10.7 @..mo_
0.825 1.05 om 2.04 0.29 4.8 0.45 & o.wm 7.8 0.42 m:m.\. o.wm 10.7 o.w» 12.7 o.ﬂm
1.15 c.om. o.w,w 2.15 o.,uH 4.86 0.46 4.88 o.wm 6.1 0.34 8.6 o..mm. 10.5 o..@p 12.2 Q.W&n
1.56 H.ou. 0.29 2.57 o._mq 4.82 0.45 4.9 o.wm 6.2 @.ww 8.1 ou@ 10.0 omu ir.2 o.,uH
2.7 0.96 0.27 2.2 o.wb 5.05 0.47 5.4 o.wm 6.8 o..mm - - - - - -
w.p 1.09 o.wu. 2.565 o...mq 5.07 0.47 5.2 9...«4 - - » - - - - -
5.12 1.22 o.,um 2.92 0.41 4.7 0.44 - - - - - - - - - -
il
fiu 245 Fssare

o

Feres S L vadie
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The machine can be depended upon to give good average
values o{/zl up to 55 1b. per sq.in. when using the 4" dia.
pulley drive through the Epicyclic Gear. Above this load
motion is rather unsteady. With care the higher loads

60 to 75 1b. were appliédandihe readings obfaimed were

c hecked on the auxiliary testing machine already

described.

] Range of Loads when small pUlley is Driving.

Table (5)

Pull 14.2 13;5 13.15 13.75 13.4 13.4 13,35 13.25 11.2
A, Loads 48-5156
j AL 0.62 0.59 0.57 0.6 0.58 0.68 0.58 0.58 0.49

;Fib Pull 15.7 15.6 15 16.3 15.1 16.6 156.856 14,95 13.8
: * Loads &6-054b.
oo 0.6 0.556 0.53 0.58 0.54 0.556 0.57 0.63 4.9

| Pull 18.45 18,35 17.85 19.3 18.2 15.9 18.8 18.1 17.2
FYo. Loads 442508,
. M 0.66 0.55 0.54 0.58 0.55 0.48 0.57 0.54 0.52

The speed constant for the machine is 6.8, i.e. ' revs.
per min. x 6.8 = ft. per min.

With Large Pulley Drive and load 28 lb. Zero 2.8 1b.

Table (6
R.P.M. Speed Actual Dry Moist Brake
ft./min. Pull Atmos. Atmos. Wheel
1b. ~* Rusting.
A e €
14 95 8.15 0.582 0.56 0.36
20 136 8.2 0.586 0.56 0.36
28.75 1956 8.35 0.596 0.56 0.36
41 279 7.85 0.561 0.52 0.3
60* 410 7.7 0.55 0.52 0.3
84 572 7.35 0.525 0.52 0.36
125 850 6.55 0.468 0.46 0.4
180 1224 6.35 0.44 0.44 0.4
250 1700 6.2 0.425 0.42 0.4

FYSCS
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With Smell Pulley Drive and Load 28 lb. Zero 2.8 1b.

R.P.M. Speed  Actual Dry Moist Brake
ft./min. Pull Atmos. Atmos. Wheel
1b. ) . Rusting.
4 27.2 8.35 0.596 0.38 0.28
5.6 38 8.2, 0.584 0.38 0.26
8 54.4 8.1 0.58 0.38 0.26
12 81.6 8.1 0.578 0.38 0.28
17 115.5 8.02 0.572 0.45 0.29
24 166 7.96 0.568 0.45 0.3
36 243.8 7.856 0.56 0.45 0.3
51 340 7.65 0.546 0.45 0.3
71 480 7.15 0.51 0.45 0.3

With Small 4" dia. Pulley and Epicyclic Gear Drive;
Load 28 1b. Zero 2.8 1lb.

U
1/24.2 0.28 6.1 0.436
0.35 6.45 0.46
0.56 6.65 0.48
1/8.2 0.8256 6.9 0.50 Valuesg for Coefficlent
1.115 6.75 0.488 of Friction
1.56 7.05 0.506 1
1/2.43 2.7 7.3 0.528 about /z
3.4 7.65 0.554
0.8 5.12 7.85 0.564 dry.

It*will be seen from these Speeds that there is a
fairly large gap between 5.12 and 27.2 ft. per wium. and to
span thils gap the 4" dia. pulley was repla;;d by one
approximately 16" dia., giving nine speeds, minimum 1.18
ft./min. and maximum 20.48 ft./min. These were rather
dangerous speeds at which to run the Epieyclic Gear.

The vibration which was set up caused disturbance in the
rooms about the Laboratory, the Epicyclic Gear being close
up to the roof of the Laboratory. This vibration had no
appreciable effect on the working of the fabric friction
machine. The readings had to be taken after 6 p.m. or
during the week ends, but as far as possible check readings

alt the other speeds were taken t¢ keep the tests as closely

as possible under similar conditions.

From the number of changee of gear which must be made
at each test it was necessary to form a system in taking

readings. Speeds by means of the revolution counter were

. converted/
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converted into peripheral speeds, and arranged in ascending
order; those are shown in Table (6). The arrangement

of drives need only be noted, and the speed was taken from
the above results. This saved much time and reduced
chances of error. Check results during the test showed
any changes too small to be apprecigble.

The running in of the friction surfaces needs speclal
care. ‘ The author suggests that the same care should be
given to'newly fitted, moulded fabrics, brake linings.

If this 1s not done very erratlic values may be expected,
when a motor car or any machine is belng brought to stand 2l;
still from high speed in a short period of time. (See Appendix

The humidity of the air as a factor in friction

experiﬁents has been clearly lllustrated by Dr. Macaulay4,

also by Dr. Rankine °. One of the most familiar
instruments for measuring atmosphere humidity 1is the wet
and dry bulb hygrometer, and it will be well to remember
that, by means of this instrument, allowance could be made
for readings_taken during the summer and winter.

A laboratory may have a much drier atmosphere during the
“cold weather when heat is supplied by hot air. In the
summer the air may be drawn through a water spray and

dellvered to the rooms loaded with moisture.

Calibration of Heating Arrangement - It was found l

necesséry to employ six bunsen burners to raisé the !
temperature of the rubbing surface from 120°F. to 550°F. and
time required was about 20 minutes at 115 reVsa per miﬁ. of
brake wheel. By applying a separate friction pad to the
wheel, and adding two blow lamps to the heating arrangements
the temperature could be raised fairly rapidly. At the

very high speeds 1t was found impossible to heat the rim as
the/
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the heat was dissipated quickly. Slow heating caused the

coefficient of friction of & friction fabric to fall from
/”Qﬁi)

0+52 to 0+34, while "the same fabric dropped from 052 to 02

when the wheel was heated rapidly.

Calibration for Wear Test - The material in this test
ig 'Breko! Fabric Brake Lining. ee #7-3, A7. 4éunw@»mnﬂg;4é
(FFh FAz (FAs & Fa
Micrometer Readings, (1°904+ 18955+ 1-905+1-904)—= 4
= 1.902 average. (measured in cold).
Applied load - 28 1lb. with machine constant 3.25 1b.

Test started at 12 o'clock noon and finished at 4 p.m.,

i.e. - 4 hours duration of test.

- Average Load Spring Effective Leverage
R.P.M. lb. Balance Pull 1b. x Ratio

Pull 1lb. A
lst Hour 80 28 775 4.5 x 2 0.32
.2nd Hour 81 28 7.5 4.26 x 2 0.31
3rd Hour 82 28 74 4.15 x 2 0-29
4th Hour 84 28 7.3 4.06 x 2 0.29

‘Micrometer Readings of lining thickness

(l-8925-+1-8916—+1.90—+1.8915)—%-4

1.8939 inches (measured when cold)
Therefore wear &n four hours' rumning = 1.9021 - 1.8939
=0-0082 (nches.

which is a Wear of 0.002 cub. inches per hour.

Second Test, Wear 3f 0-0018 cub. inches per hour.
L]

Third Test, L 00015 " " "
Fourth Test, " " 0.0016 " " " "
Fifth lest, # " 0Q.0016 " " " "
Sixth Test, " # 0.0016 " " " "

On an Qrerage
the €ime to wear Breko Brake Lining (4" thick) to 3" thick

(half original thickness) is 416 hours continuous running.

The/
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The specific gravity of the material (Breko) is about
30 grms. per cub. inch. and the wear by weight is approximate
ly 0.0012 gr./hr.cm . Such a test can only be carried out
over z long period ﬁf time as the lining requires to be
weighed before and after test. Check weights are not wo
easily carried out as check measurements.

Friction tests of fabric material would not be complete
without reference to rubber treated cotton fibres; cotton
cloth impregnated with Bakelite, of which one firm in Britain
uses 15,000 1b. per year. Bakelite is now used for many
engineering parts. It is a chemical combination of phenol
and formaldehyde, forming a synthetic resin or resinoid,
quite different in physical characteristics to natural resin.
Mixed with wood meal light brake material can be made,
chiefly used for friction discs. Screw threads can be
moulded from bakelite compounds. Raw hide still accounts
for 15 per cent. of the silent running gear wheels, although
'Ioco' and 'Fabrqil' are very much improved non-metallic
géar materisal.

The advantage of keeping a constant supply of heat to
the brake rim can be made use of in testing the make up
materials employed wnithe rmanufaclive of brake linings; T he neat
generated by friction is carried away by the rotating brake
wheel. Ventilation conditions are almost perfect Liw the laboatory,
In the case of haulage-way brakes, where the momentum of the
running machine can only be checked by the brake action,
which converts the energy developed into heat; the wood

blocks on which the ferodo lining was fixed became charred aid

was destroyed inside four months. The heat was so great that it

has passed through the asbestos lining and burned the wood.

It has been found difficult to obtain all the possible

wonking~conditions, and to carry out long continuous tests on

the compounded fabric material. The tests may only show the

average/
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average coefficient values and these obtained under ideal

conditions of working.

1ESTS AND TEST RESULIS.

Series (1

A comparative test was carried out between the working
materials, Bronze, Wood, and Leather, and compared with the
fabric materials 'Ferasbestos' and 'Gatex'am /746,

The Bronze packing pieces in the carrier were used as
a templet from which to form the pad pieces. These pads
were carefully adjusted to the curvature of the brake wheel.

- The conditions of the test are such that no material is

overheated.

Bronze Ferasbestos Wood Leather Gatex
Pressure 1b./in2 28 28 28 14 14
Rubbing Speed ft./min. 115 115 86 86 86
Max. Temp. OF. 350 300 250 200 175

The heat was supplied by four bunsen burners and
regulated to give the required heat to the rim of the wheel
80 that the temperature of the pad pieces at the brake
surface could be read on the pdtentiometer. A graph was
used for the potentiometer which gave readings in degrees F.
This graph was furnished by the Natural Philosophy Department
, of the Royal Technical College and was used throughout this
research work. The instrument was checked from time to time
during the test period.

For each test the speed was kept constant and the pad
pieces were applied to the rim but with only 7 1b. per sq.in.
pressure to ensure perfect fitting of brake material, the
temperature being raised gently to 100°F. Then the specific
load was applied as shown apove ..  The temperature

changes were also gradual as shown on graph, Fig. (6).

(a)/
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(a) With the Bronze pads scoring of the wheel would
seem almost certain if retained in action for any lengld of
time. The coefficient of friction kept fairly constant.

(b) The Wood brake pads showed just that feature which
caused them to be discarded in practice where a water cooled
drum could not be incorporated, such as in the 'Massey'
drop-stamp hammer. Even with the smaller specific loading
and lower temperature there is a great variation in the
friction coefficient. Charting of e wood pad preces seon /’Aes/é/zce.

put the brake rim is in no way destroyed; it becomes rather
more polished.

(c) The Leather pad pieces had to be retained carefully
in the holder, that is, they were not allowed to project
more than was necessary to make the cast iron carrier, E,
clear the rim. Leather under pressure and temperature
does not hold its hig%//z-value for any length of time,
changing from almost 0:9 to 0«75 as the temperature changes
from 100° to 175°F, The heat appears to spoil the
dressing material of thé leather.

.(d) The first composite material on the list shows
properties which certainly are to be desired. Unlike
leather it is not easily deformed by pressure at high
temperatures. Heat transmission from wear surface to
carrier is readily found by measuring the rise in temperature
of the outside of the carrier block, also the inside on
non-weéring surface of the brake lining. 'Rer'sbestos’ is
a Ferodo material made by teasing out the single silky-like
fibres of the mined asbestos. Each fibre can be treated
separately by soaking in a resinoid compound.

Asbestos
flock may be spun and then treated with fluid guming

material, bakelite, or sugar compound. Pressed lightly

into form and baked in an electric druing oven, the lining
is then compressed by hydraulic press. The moulds are

electrically heated and the bressure may be 15 tons per
sq.in.

The/
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The method of manufacture as well as the materials used
are brought out in the test results shown in curves (d)
Fig. (4 p.ia. The brake rim is only slightly polished and
the brake pads show no change in surface. The small
serrations on the face of the pads used[ﬁn Table (1), I -

Ferodo Bonded AsbestogZ do not appear with the Ferobestos.

(e) 'Gatex' is really a belting material, but as it
has a very compact structure and could be cut into the smal
pad pieces required without excessive fraying of the edges,
it was put under test. The load applied was 14 lb.per
sq.inch. It shows a very high coefficient of friction
much similar to that of leather. It is made of a woven
yarn treated with a rubber latrex and the whole is
vulcanized into a solid fabriec. Very little sign of
change in sﬁructure could he discerned by the rise from
100° to 200°F. and a pressure of 14 1b. per sg.in. is

certainly not excessive.

The Author would have liked to carry out research
work on the newer form of belting material when used for
brake linings. The cotton duck and cotton fibres have
given way to woven hair material specially treated so as to
have no internal shear among the fibres. Belting problems
appear to give a mixture of fluid and solid friction which
has given great difficulties to investigators, but i fbrc frings,
certainly, the manufacturer has overcome many.of the arly
difficulties by special processes . Belting owing to the

travel has more cooling surface than brake or clutch

material.

Series (2).

These tests were carried out using four different
brakes of'friction brake linings; they are the same group
as used in making the preliﬁinary tests, (I) 'Ferodo Fibre!,

(II) 'Perodo Bonded Asbestos!', (III) 'Breko', and (IV) Ray-
bestos.,




The three last named being very much similar in structure,
but made by different manufacturers, who recommend special
working pressures to be used for their material. The
author has already written on this subject 6 of Ferodo
Brake Linings, but this research wérk provides an
opportunity of comparison without writing unfavourably of
any manufacturer's product.

The pressure ranges from 7 to 28 1lb. per sq.in.
using pads 1 sq.inch area, and to permit of higher
pressures special pads of 4 sq.in. are used. The
temperature range is from room temperature 559F. to 120°F,
No external heat is applied.

From the earlier tests experience had been gained in
running the machine. The object now aimed at is continuouﬁ
running over the whole speed range with absolute minimum
of stops. It was found that, except at the highest speeds,
the necessary changes could bé made without any damage to
the gearing. The rim was marked where gear changing could
be made, and it soon became a matter of practice to make
a smooth change; the teeth were given a small entrance
angle.

Each test was started at top speed and subsequent
readings taken in a generally decreasing order of speed.

By adopting these methods very few complete stops required

t0o be made. The machine was allowed time to assume

constant conditions after each change. This was necessary

not only for the speed function but also to permit of the
steady-up of the conditions of the brake linings. At each

change of load the machine was brought to high speed before

proceeding to add load. Up-l0ad and down-load readings

were taken for each material.

A rough graph of the readings was made on a load

base, also on a time base. This graph enabled a check

reading to be made of any doubtful point. At first an
average,/
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average of a number of readings was taken as the final
reading, but the machine could be depended upon to give a
fair estimate of/u without much care. The principal
point to watch is the adjustment of the position on brake
rim, and to see that the hangers are not fouling on the
sides of the brake wheel.

The results of these tests are shown in Tables (/) to

(/4) and the curves have been plotted to show the

coefficient of friction,/d—-value, on a base of specific
speed, Figs (&) to (/5). For the purpose of comparison the
curves have been plotted for separate loadings, Figs. (9a.4,c4)
These curves may be analysed to bring out the regpective

features inherent in the fabric linings.

Fabric Friction.

'Ferodo! Fibre. Constant of Machine 2+8 1b.
Pull in 1bv.
Speed 7 1p 10ad 17.2 1b 27¢4 1b 17.2 1b 22.3 1b
£t./min. 7 1b/in® 17.2 1v/in® 27.4 1b/in® 34.4 1b/in® 44.6 1b/in®
ec C 0.258 5.6 12.2 18.1 10.4 13.2
eb C 0.38 5.4 12.2 18.8 10.2 13.4
e a C 0052 5e4 12.8 190 11.8 140
. ecB 075 5e4 12.2 189 11.0 138
. eb B 1.16 5.6 12.6 1846 11.2 14.2
. eaB 156 5.8 13.0 1941 114 15.0
: @ C A 2445 5ed 12.3 18-4 11.6 15
; eb A 340 5.6 12.2 19.0 12.2 15
:E eadlA 4.76 5.1 11.1 18.8 12.0 -
Machine stopped to take out the Epicyelic Train.
2¢ C 25.8 4.4 100 14.8 108 13+2
2b C 38 4:0 9.2 136 9.8 12-2
2a C 52 4.0 846 13-4 9.2 116 -
2¢ B 75 3+8 846 134 9.2 11.8
1c C 935 3.1 8+6 130 9.0 117
2b B 116 3.0 8-1 12+8 8-8 11+4 .
1b ¢ 123 31 8+2 13-0 9.0 11+6 3
2a B 186 344 8+4 132 940 11+4
1a C 191 344 8°2 13 . .
2 c¢c A 245 4.2 9.4 14.2 3.3 ﬁ.g
l1c B 270 346 8.6 13.6 9.4 12.0
2b A 340 4.1 9.6 14.2 106 134
1b B8 381 de4 8.4 136 9.8 122
]2.a. g 476 4-1 96 - - -
a 530 3.6 90 140 9.6 12-2
lc A 830 3.6 9.6 14.2 9.8 12.6
- 1a 41700 4.0 9.3 14.0 9.8 5

12.0

L B
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(i) 'Ferodo' Fibre. Constant for machine 2.8 lb.
Jable VIl

Coefficient of Frictiog///za_

, Speed
3 2
. fb./min. 7 10/10% 17.2 1b/i0® 29,4 10/in® 4.4 10/in® 44.6 1b/in?

i 0258 080 070 066 061 0450
i 0,38 0.77 0.71 0.68 0.59 0.59
0.52 0.77 0.74 0.69 0.68 0.66
0.75 0.77 0.71 0.69 0.64 0.62
1.16 0.80 0.73 0.68 0.65 0.64
1.66 0.83 0.76 0.69 0.69 0.70
2.45 0.77 0.72 0.67 0.68 0.67
3.40 0.80 0.7 0.69 0.70 -
4.76 0.72 0.65 0.69 0.68 -
Mgchine stopped to take out the Epicyclic Gear
25.8 0.63 0.58 0.54 0.63 0.59
38 0.57 0.64 0.50 0.57 0.56
62 0.57 0.51 0.49 0.54 0.562
"5 0.54 0.51 0.49 0.63 0.53
. 93.5 0.44 0.51 0.47 0.52 0.52
. 116 0.43 0.47 0.46 0.51 0.51
;131 0.49 0.48 0.47 0.51 0.52
'%156 0.49 0.49 0.48 0.52 0.51
191 0.49 0.48 0.48 0.51 0.52
i 245 0.58 0.54 0.51 0.56 0.57
| 270 0.56 0.50 0.50 0.56 0.56
| 840 0.58 0.66 0.651 0.61 0.60
| 381 0.59 0.49 0.60 0.57 0.56
- 476 0.69 0.55 - - -
{ 630 0.59 0.62. 0.51 0.66 0.58
i, 820 0.52 0.56 0.52 0.57 0.57
1220 0.57 0.63 0.52 0.58 0.566
1700 0.51 0.53 0.51 0.57 ' 0.54

Temperature variation 600 to 1200F; this refers to last
nine readings.

v

a, Jable T_Z

:g (1)  'Ferodo' Bonded Asbestos. Constant for the machine 2.8 1b.
1 ;
*é Speed Pull in 1b.
Lo 7 1b/.088 14 1b Load 28 1b Logd 17 1b Load Teup.
e b/in2 14 1b/1n2 28 1b/in® 34 1b/in2
0 0.288 2.6 2.8 11.6 7.4
4 oee 2.5 3.2 10.6 7.4
I B+ 2.8 2.0 10.8 7.6
 3e 2.8 3.0 11 ”.8 60°F.
‘ 1.56 3.2 502 10.6 8.0
3 2.6 3.2 11.4 8.0
3 3*42 2.2 3.4 11.2 8.4
oo 280 2.4 3.0 11,4 8.0
b 4. 2.8 3.6 11.8 ”.8

Machine stopped, Epicyclic Gear disengaged.
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. Pull im 1b., —
3 Speed Temp.
5 £t /min. "7 Logd 14 1b Logd 28 1b Logd 17 1b Load
' ' 7 1b/in® 14 1b/in 28 1b/in® 34 1b/in®
25.8 3.0 4.2 12.6 9.8 60%F.
- 38 3.0 4.2 12.4 9.2
] 52 3.0 4.0 12.4 9.2
] 75 3.2 4.0 12.4 8.8
i 116 2.6 3.8 12.2 8.4
; 131 3.0 3.6 12.4 8.6
! 156 2.6 3.6 12.0 8.6 8a°p.
| 191 2.8 3.6 11.9 8.4
L 245 2.6 4.0 13.4 9.0
ﬁ 270 2.8 3.5 11.8 8.4
340 2'6 3.68 13-4 8.8
s 530 3.6 3.0 11.4 8.0
i 830 2.4 3.0 12.2 8.6
- 1120 2.6 2.8 12.0 8.2 120°F.
: 1700 3.0 2.8 11.6 7.8
3 Diagrams to show the
‘ _ appearance of Fabrie
after test.
Jable X
(11) ‘'Ferodo' Bonded Asbestos. Machine No. 2.8 1b.
f%peeg' Coefficient of Frictionzl/Jz Tomp.
o ) : , _
ft-/nln. 1b/in® 14 1b/in® 28 1b/in® ~ 34 1lb/in®
0.258 . Q.37 Q.40 Q.42 0.43
Q.38 0.37 0.46 0.39 0.43
a.52 0.40 0.39 0.39 0.38
0.75 0.40 0.43 0.40 0.45
1.16 0.46 0.46 0.39 Q.46 60°F.
1.56 Q.37 0.46 0.38 0.47
2.45 0.31 0.48 0.4Q 0.48
3.40 0.34 0.43 0.38 0.46
4.76 0.40 0.51 0.43 0.45
Machine stopped, Epieycliic Gear locked.
25.8 0.43 0.60 0.46 0.57 60Q°F.
38 0.43 0.60 0.45 0.53
52 0.43 0.57 0.45 0.53
75 0.45 0.57 0.45 0.51
93.5 0.40 Q.57 Q.45 0.51
116 0.37 0.54 Q.45 Q.49
131 0.43 0.5L 0.45 0.49 8Q°F.
156: 0.40 0.51 0.44 0.50Q
191 0.37 0.51 0.4% 0.49
245 0.40 0.57 0.48 Q.52
270 0.37 0.50 0.43 0.49
ke 340 0.48 0.54 0.48 0.51
it 381 Q.34 0.46 0.42 0.48
' 476 0.43 0.51 - 0.50
N 530 0.34 0.43 0.38 Q.46
B 830 0.37 0.4% 0.44 0.50
: 1220 0.43 0.40 0.43 Q.48 120°F
170@ 0.43 0.40 Q.42 Q.45
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——

. Pull im 1Ib. )
Speed Te ' o
£4,. /min mp
/min. Ty Logd 14 1b Logd 28 1b Load 17 1b Load
7 1b/in® 14 Ib/in 28 1b/in® 34 1b/in

-
25.8 3.0 4.2 12.6 9.8 60°P.
38 3.0 4.2 12.4 9.2
52 3.0 4.0 12.4 9.2
75 3.2 4.0 12.4 8.8
93.5 2.8 4.0 12.8 8.8

116 2.6 3.8 12.2 8.4
131 3.0 3.6 12.4 8.6
156 2.6 3.6 12.0 8.6 80°F.
191 2.8 3.6 11.9 8.4
245 2.6 4.0 13.4 9.0
270 2.8 3.5 11.8 8.4
340 2.6 3.8 13.4 8.8
381 3‘ 4 5,0 2 lla 6’ 8:- 2 )
476 2.4 3.6 - 8.6 100°F.
530 3.6 3.0 11.4 8.0Q
830 2.4 3.0 12.2 8.6
1120 2.6 2.8 12.0 8.2 120°F.
1700 3.0 2.8 11.6 7.8
Diagrams to show the
, appearance of Fabric
after test.
Jabte X
(11) 'PFerodo' Bonded Asbestos. Machine No. 2.8 1b.
f%p7g%m Goefficient of Friction & Temp.
. . - - P
| 7 1b/in® 14 1b/in® 28 1b/in® T 34 1p/in
0.258 Q.37 Q.40 0.42 Q.43
0.38 0.37 0.46 0.39 0.43
a.52 0.40 0.39 0.39 0.38
0'75 0049 0045 0-40 0045
1.16 0.46 0.46 0.39 0.46 60°F.
1.56 Q.37 0.46 0.38 Q.47
2.45 0.3 0.48 0.40Q 0.48
3.40 0.34 0.43 0.38 0.46
Machine stopped, Epicyelic Gear locked.
25.8 0.43 0.60 Q.46 .5 6Q°F.
38 0.43 0.60 0.45 8.2&
52 0.43 0.57 0.45 0.53
75 0.45 Q.57 Q.45 Q.51
93.5 0.40 Q.57 Q.45 - 0.51
116 0.37 = 0.54 Q.45 Q.49
131 0.43 0.5L 0.45 0.49 8Q°F.
156 Q.40 0.51 0.44 0.50
191 0.37 0.51 0.43% 0.49
245 0.40 0.57 0.48 0.52
270 0.37 0.50 0.43 0.49
34Q 0.48 0.54 0.48 0.51
381 Q.34 0.46 0.42 0.48
476 0.43 0.51 - 0.50
530 Q.34 0.43 0.38 Q.46
830 0.37 0.43 0.44. 0.50
igz@ 0.43 0.40 0.43 0.48 120°F.
70Q 0.43 0.40Q Q.42 0.45

R
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During the working with this materiel it wgs found

that the machine showed up a fierceness of grip at slow

; speeds.
Fé Table X
i (11) 'Breko! Bonded Asbestos. Constant for machine 2.8 1b.
| speed Pull in 1lv.
1fte/mine BT T 0ad 17.210 load 27.41blosd 17.2 1b1oad 22.3 1b load
7 1b/in? 17.2 1b/in? 27.4 1b/irR34.4 1b/in? 44.6 1b/in?
0 2.6 8.2 12.8 7.1 9.4
0 2.6 7.8 12.4 7.6 9.8
0 3.0 7.8 12.2. ”.8 10.4-
0 2.8 7.8 13.0 7.0 9.0
1.16 2.8 8.0 13.2. 7.6 10.0
1-50 204 7.2 1204‘- 7.6& 10.0
304 206 7-8 13.6 700 906
. 4.76 2.1 7.0 13.5. 8.0 10.0
: Machine stopped to lock Epicyclic Gear
{ 26.8 2.4 6.6 10.8 6.0 7.8
i 38 2.4 6.8 10.8 5.8 7.6
[ 62 2.2 6.4 10.4 5.8 7.6
;% 2.0 6.4 9.8 5.8 7.6.
i .98.5 2.1 6.0 9.6: 5.6 7.2
;13 2.0 6.0 9.4 5.6 7.1
| 1.8 6.4 9.2 5.4 7.0
1'8 604 9-2; 5.6 7.0
2.2»« 5.8 10061v 5.4 7'6
2.0 6.6 9.4 5.4 7.0
2.4 5.6 10.1 5.8 7.8
1°8 6023 9.2 5.4 6.8
2.60 5.8 - 6.2 -
1'8 5.6 8.8 5.0 608
1.8 5.6 9,3 5.4 7.2
2'0 308 900 5.6 7.&.‘

Note; With this materiel the friction machine worked
very smoothly.

(iii) 'Breko' Bonded Asbestos. Constant for machine 2.8 1b.

i Speed Coefficient of Friction
‘ft./min. P~
7.1b/in® 17.2 1b/in% 27.4 1b/in2 34 1b/in? 44.6:1b/inZ

0.268 0.37 0.48 0.47 0.41 0.42

0.58 0’37 0045 0045 0044 0044
~ 0.62 0.42 0.45 0.45 0.45 0.46 ;
| 0.75 0.40 0.45 0.47 0.41 0.41 |
i 1.6 0.40 0.46 0.48 0.44 0.45 :
; ;-56 0.34 0.42 0.45 0.44 0.46
! 3'25 0.42 0.50 0.48 0.41 0.43"
L 0 0.37 0.45 0.49 0.41 0.43
- 4.7 0.30 0.41 0.48 0.46 0.44

Machine stopped to lock Epicyclic Gear. ;
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Coefficient of Friction «

Spqe? -
1 ft./min. ‘
: / 7 1b/in® 17.2 1b/in2 27.4 1b/in? 34 1b/in? 44,6 1b/in2
;
§ 38 0.34 0.39 0.39 0.34 0.34
{52 0.31 0.37 0.38 0.34 0.34
"6 0.29 0.37 0.35 0.34 0.34
| 95.5 0.30 0.37 0.35 0.33 0.32
1116 0.29 0.35 0.34 0.31 0.32
131 0.29 0.34 0.34 0.32 0.32
: 156 0.26 0.35 0.34 0.31 0.31
1191 0.26 0.35 0.34 0.31 0.31
1 246 0.31 0,37 0.38 0.33 0.31
) 270 0.29 0.34 0.34 0.31 0.34
| 340 0.34 0.38 0.37 0.33 0.32
| 381 0.35 0.33 0.34 10,30 0.30
: 476 0.37 0.36 - 0.36 -
| 63 0.26 0.30 0.32:. 0.30 0.31
} 830 0.26 0.33 0.34 0.31 0.32
1220 0.28 0.34 0.34 0.31 0.32
0.33 0.32 0.34

1700 0.28 0.34

There was practically no change in temperature
throughout the test.

| %ble XT

; (IV) 'Reybestos! Bonded Asbestos. Constant for machine 2.8 1b.
j

; éﬁeed Pull in 1lbv.

ft./min.

| -7 1b load 17.2.1b load 27.4 1b load 17.2 1b load 22.3 1b load
- 7710/inR 17,2.1b/in2 27.4:1b/in2 34.4 1b/in2 44.6 1lb/in2

00258 206 7.2 11.4 700 8.8
0.38 2.6 7.0 11.0 7.0 9.2
0.52 2.8 7.4 12.2 7.0 8.6
0075 5.0 7.4 1200 7.0 902
1.16 2.4 n.2 11.4 7e6 9.5
1.56 3.2: v.6 12.0 7.0 9.0
3'40 2’6 7.0 11.0 7.4 9.6
4.76 3.2 8.2 12,2 7.8 10.4
Mechine stopped to lock Epicyclic Gear
26.8 2.4 7.6 12.2 7.4 9.6
38 2'4 700 1104 7-0 9.2
52 2.6 7.0 11.0 6.8 6.0
% 2.4 7.2 11.2. 7.2 9.6
93.5 2.5 7.0 11.2. 6.8 9,2
116 2.6 6.4 10.6 6.5 9.0
131 2.4 6.6 11.0 6.6 8.8
156 2.0 6.0 10.6 6.2 8.4
191 2.2 6.2 10 .4 6.4 8.4
245 2.8 7.2 11.4 7.4 9.6
270 2.4 6.6 10.8 6.8 8.8
340 2.8 ".2 10 .4 7.4 9.4
381 2.2 6.2 10.0 6.4 8.4
476 204 6.8 - - -
530 2.2 6.2 10.0 6.0 7.6
830 2.6 6.6 10.8 6.4 8.6
1220 2,2 6.4 10.4 6.2 8.4
1780 2.0 6.0 10 .4 6.3 8.6



36

(IV) 'Rgyvestos' Bonded Asbestos. Constant for machine 2.8 1b

Coefficient of friction [//6C

Speed

£6o/min o b/in 17.2 1b/in2 27.4 1b/in2 34.4 1b/in 44.6 1b/inZ
0.268 0.37 0.48 0.38 0.41 0.39
0.38 0.3%7 0.41 0.40 0.41 0.41
0.52 0.40 0.43 0.44 0.41 0.39
0.75 0.42 0.43 0.44 0.41 0.41
1.16 0.38 0.42 0.38 0.44 0.42
1.56 0.45 0.44 0.44 0.41 0.40
2.45 0.43 0.43 0.40 0.44 0.46
3.40 0.38 0.41 0.40 0.43 0.43
4.76 0.45 0.47 0.44 0.45 0.46
HMachine stopped to lock Epicyclic Gear.
26.8 0.34 0.44 0.4 . 0.43 0.43
38 0.34 0.41 0.4 0.41 0.41
52 0.37 0.41 0.4 0.31 0.40
75 0.34 0.42 0.4 0.41 0.43
93.5 0.36 0.41 0.4 0.31 0.41
116 0.37 0437 0.39 0.37 0.40
131 0.34 0.38 0.40 0.38 0.39
156 0.29 0.35 0.39 0.36 0.38
191 0.31 0.36 0.38 0.37 0.38
245 0.37 0.42 0.42 0.43 0.43
270 0.34 0.38 0.39 0.40 0.39
340 0.40 . 0.41 0.38 0.43 0.47
381 0.32 0.36 0.37 0.37 0.38
476 0.34 0.39 - - -
530 0.32 0.36 0.37 0.35 0.34
830 0.37 0.38 0.39 0.37 0.39
1220 0.32 0.37 0.38 0.36 0.38
1700 0.30 0.35 0.38 0.37 0.38

The machine worked smoothly with this material. There is
little or no rise in temperature, 6§0° to 100SF.

(V) The brake 1ining material as now manufactured is a
very much improved product. A test was carried out on
friction fabric whichvwas found to be composed of Asbestos,
Magnesium Compound, Fuller's Earth, and about 30 per cent.
of cotton, the whole impregnated with what the maker called
& secret 'Friction'. It is at least 20 years old and had
been sent to the Laboratory of the Mechanics Department of
the Royal Tecnnical College for testing purposes, and had
to be given up as no consistent results could be obtained.
The makers claimed a coefficient of 0.4.

Using the Friction Machine the following results were
obtained.
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Constant for machine 2.8 1lb.

Static Speed

7 1b/in2 14 1b/in? 17.06 1b/in2

ft./min. Pﬁl e Pﬁl., o« Pli%l A

A
25.8 2.8 0.80 4.50 0.64 59.0  0.69
38 2.65 0.76  4.80 0.67 5.80 0,68
0.3 52 2.45 0.70  4.80 0.68 4.97  0.59
75 2.6 0.74 4.55 0.65 5.85  0.68
to 95.5  2.75 0.78  4.90 0.70 5.87  0.69
116 - - - - 6.06 0.7l
0.4 131 2.7 0.7  4.85  0.69 5.65  0.66
156 - - - - 6.00  0.71

Using 191 2.6 0.74 4.65 0.66 6.05 0.71
245 - - - - 5,90  0.69

Brake 270 2.56 0.73  4.50 0.64 5.85  0.68
340 - - - - 5.75  0.68

Wheel. 381 2.45 0.7 4.20 0.60 5.57  0.65
476 - - - - 5.40  0.63
530 - - - - 5.20  0.62

830 - - - - 5.10  0.60

1220 - - - - 5.06  0.59

1700 - - - - 4.35 0.5

A change in the temperature from 60° to 250°F. lowered
the/u.— From (.7 to 0.2 when taken in conjunction with the
17,05 1b./in® pregsure. Running at this temperature, 2500F.
for five'minutes destroyed the fabric material. It would
certainly be dangeroﬁgfgiis friction fabric, for continuous
lowering purposes on a mine incline. The material appeared
fairly hard but a soaking in water almost destroyed its form,and

even at low temperature the wear was excessive.

(VI) After the usual tests were carried out on this pure

- asbestos friction brake lining, 'Chekko!, the small driving

pulley was replaced by a 22-inch pulley. Calibration of the

speeds of the machine gave the following:-
Spe - ft Ne

With Epio
Soorpieyelie ) nu ) 94 2.83 4.24 5.2 8.5 12.4 17.3 25.5

Without Epicycli
Gea. yelie 142 175 305 421 6587 815 1360 2040 2580

It will be seen on examining the previous tables of
speeds that in the portion marked 'Machine stopped to lock
Epicyclic/



Epicyclic Gear' that therspeed changes from 4.76 to 25.8
ft. pexr min. This rather big change in crawl speeds has
been beautifully spanned by the last five speeds in the
top line of table, namely 5.2 to 25.5 ft. per min. There
is also a gain of three new top speeds 1360 to 25680 ft.
per min, The author does not recommend the,f%equent use
of these high speeds as the Epicyclic Gear was designed to
run at very slow speeds.

(VI) 'Chekko! Bonded Pure Asbestos, Light Brass Bonding.
Tatle X1V \

Coefficient of Friction,’//4

Speeds
fto/min.  o1.37 1b/in® 28 1b/in® 36.66 1b/in® 45.85 1b/in®

1,37 0.46 0.43 0.54 0.54

1.94 0.47 0.46 0.55 0.54

2.83 0.48 0.47 0.56 0.54

4,24 0.48 0.4"7 0.57 0.56

5.2 0.48 0.49 0.61 0.58

8.5 0.49 0.51 0.63 0.58

12.4 0.49 0.53 0.61 0.58

17.3 0.50 0.54 0.60 0.58

25.5 0.55 0.56 0.60 0.59

Machine stopped to lock Epicyclic Gear.

96 0.63 0.64 0.61 0.60
136 0.62 0.62 0.65 0.58
142 0.56 0.63 0.66 0.60
176 0.68 0.66 0.56 0.59
305 0.64 0.60 ‘0.60 0.55
421 0.58 0.55 0.62: 0.57
587 0.56 0.49 0.63 0.50
815 0.54 0.47 0.53 0.48

1360 0,53 0.45 0.54 0.51
2040 0.48 0.43 0.52 0.49
2580 0.46 0.41 0.50 0.49

From 18 inch diameter pulley driven from the D.C. motor,

the other seven speeds of this series being neglected.

Wear Test on 'Chekko! Bonded Asbestos.
Room Temperature at 11.556 a.m. 499F.,

Micrometer Readings before Test 1.9125 $cold
After Tegt 1,9093 cold

Difference 0.0032 inches = wea”

Pull on Springbalance, 9.2 1b. Zero Reading 2.8 1b.
Bitance amm, 2 : 1.

Speed 2000 ft. per minute. Load 21§ 1b.






DA

"1



Time Spring Balance Temperature value.
Pull, 1b. g/
11.55 a.nm. 9.2 49°F, 0.6
12 9.4
12.15 p.m. 9.35
12.30 9.25 65°F.
12.45 9.15
1 9.15 n0%%, 0.58
1.15 9.15
1.30 9,15 6.
1.45 9.15
2 9.15 n5°F,
2.15 9.10
2.30 9.05
2.35 8.05 n69F, 0.56
Load changed to 36.65 1lb. M
2,50 p.m. 12.45 759F. 0.53
3 12.55 809F.
3.10 12.58 859F. 0.55
3.40 12,55 950F,
4 12.55 10007F, 0.54
4,20 12,5 1069F,
4,40 12.45 110°F. 0.63
4,50 12.45 110°F.
) 12.45 110°F. 0.54

Room Temperature 52°F. Micrometer (1.9093 - 1,9089)

= 0.004 inches.
When the 'Chekko! material is to be supplied for

clutches the makers prescribe a specific loading

12 to 20 1b/in2, “  In ordey to carry out -
temperature tests taking two different loads and speeds,
Four bunsen flamesiarranged round the interior of the
rim supplied the heat. It was afterwards found that
these required to be augmented by the aid of two blow
lamps, and.the brake wheé??g§f21ded from the cold

draughts as much as possible.

'Chekko! Bonded Asbestos. Micro.readings, 1.9207.

Time Temperature Coefficient of Remarks
of Rim OF, Friction, 4 Dia. 26"
2.45 p.m., 110 0.58 Surface dry, Speed
1360 ft/min.
2.51 196 0.56 Specific load,
s 213 1b/in?
238 0.63 Wheel partly enclosed
i:?g P.m. 242 0.52 Speed 587 ft./min.
310 163 0470 Specific Load 7 1b/in?
. 70 0.647 Wheel not enclosed.

D —
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The excesslve wear during the first period of wear-
tests is more noticeable with the woven Paterial than with
the highly pressed( under temperature) moulded material.

The latter can be machined and does not require much
running~in, slince the bearing surface is more regular than
with the more soft woven and impregnated material.

From the average values of a large number of tests on
woven fabric pure asbestos the curves in Fig. 9 have been
plotted. These was excesslve wearatpu{gggéaally droppeal
down toan almesfstationary value of wear;/k/e cwrres show that the
rise in temperature is almost constant; while the value of
the coefficient of friction falls uniformly over the first
four tests, 24 minutes, and then remains almost constant over
a long period test. The period of time between each test
was a half minute, and the friction wheel was protected from
cold currents.

Between room temperature and 300°F. the wear appears to
be directly in proportion to the amount of work dissipated at
the brake wheel rim. Above 300°F. the wear is excessive
and grows rapidly for all Woven Bonded Fabrics; it 1is in this
region that fabrics containing cotton become charred. The

wear for nearly all fabrids is twice as great at 520° as at

260°F. for similar speeds.

Effect of Change of Pressure and Speed, but pv = constant.

During the tests with constant temperature regulated by
the bunsen gas flame, the amount of wear was unchanged by
adding load and decreasing speed, or decreasing load and
increasing speed, to give equal works (p.v.). With a fabric

material having a low &4 -value it is found better to work
with/
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with a low p-value, say 10 to 12 lb/inz maximum and a high
rubbing speed V. Wifh the high  coefficlent of friction
fabriés a pressure of 30 1b/in2 is found to be more suitable
with lower rubbing speed. Tests carried out on a drop-
hammer ferodo brake lifting tup showed that, when 50,000 ft.
1b. per sq.in. per minute was demanded from lining, the
material wore out very rapidly with air cooled brake rim
pulley, but with water cooled brake pulley the wear was not
excessive. All tests carried out on the various fabrics
show that it is not advisable to design for more than

12,500 ft.1b. per sg.in. éer minute. A graph showing

specific work, H.P.hr. per sq.in. plotted on temperature °p.
is given at Fig. /0.

Effect of Rapld Heating on & - value.
/ .

A new brake lining having a #4-value = 0.48 at®350 F.

is applied to the brake wheel which when running has the
temperature raised to nearly 350°E. before applyilng the brake.
After the brake is applied the temperature rises rapidly to
5759F., time approximately 10 minutes. Tﬁs/a*value of the
material is reduced to 0.18 and may be taken on average as

0.2 for 20 minutés before disintegration of lining material
takes place. The same material at 425°F. hfﬁ/u-Value = 0.4
but when raised to 575°F. in 10 minutes has still_//u-value

= 0. 35 and never goes und?//éc = 0.3. In both cases the
//x-value increases as disintegration of lining takes place

caused by the binding material becoming plastic. It was

also found that the more slowly a brake lining is heated up

the less likely is the bonding material to leave the fabric.

The graph, Fig,// , shows how the coefficient of friction

varies with temperature in a number of fabrics. Taking an

average of five different makers' linings, the maximum47-va1ue

is about 250°F. and the minimm 400°F

Effect/
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Effect of Roughening Surface of Brake Rim. -

Some cotton and duck fabrics have been tested which were
made with a sulphur greasy compound lncorporated while under
pressure. 1t was found that oxidization took place, and
smoothness of action soon disappeared. lihere cast iron drums
have been roughened by a file it has been observed that the
fabric lining suffers very severely, and after a relatively
short time, it is unfit for use. An iron cement was applied
to a small pullgy rim and Ferodo FibreAwas used as a brake.
Under the application of a very light pressure wear was
excessive and heat generated rapldly, showing that in brake

linings abrasion material would be detrimental.

Effect of Applying Water or Lubricants to Brake Wheel.-

7 In this set of experiments,"Raybestos', bonded asbestos
brake 1inihg is used. The speeé is kept (approx.) constant
at 1000 ft. per minute, V, and with a pressure of 45 1b/inZ
t%g;L—'value is 0.38. Raising the temperature of the brake
rim 1s followed by a drop in the value of the coefficlent
of friction. Removing the bunsen burners and applying water
to the surface of the brake rim lowers t%i/z-value
considerably and as long as the water is allowed to wet the -
b:ake surface of the wheel this coefficient becomes smaller.
On removing the water and again applying heat the 4-values
rises as the moisture dries off and is noted to be greater than
original starting value. A series of these changes are
shown, Fig./7, in order to depict the various changes;
-shocks or shudders are seem on the brake wheel's motion.

When moist conditions prevail during tesﬁs the following
changes are noticeable:
(1) that the high ‘Tub bing value of the friction fabric

materials change when working on a water /abricaled surface |

(2) th%f/u-—values for all materials are lowered by one third

dry test values;

(3)/
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(3) That a thin coating of rust or iron-oxide has been
found to lower t%;/b-valug by one half.

The pad pieces, in one test, after being fitted to the
curvature of the brake drum were allowed to soak in water
for three days. The fabric materisl was dryed on blotting
paper and placed in%ﬁolder. It only required a second or
two to reach the maximfg/u-value yet there certainly was
a distinct lag in reachin€>/z~value found in previous tests.
The lining was not destroyed by the moisturganditdid ot
appear to affect the lining after the first test run which
pointed to the fact that the surface modsture, rather than
penetration of water into the bonded fabric, was the cause
of the temporary change in the value of the friction
coefficient.

To prevent o0il or water drip reaching the rubbing
surfaée, rubber coating in the form of & solution has been
tried on the brake lining leading edge. i.e. the first edge
opposing the moticen of wheel. Experiments on pads with
rubber solution on edges were not carried to any 1ength,.
but showed clearly that fluid could be guided past the brake

surface by this simple contrivance.

Effect of Lubricant on Fabric Material.

Apart from the lowering of tgs/x-value, lubrication
did not destroy in any way the die pressed fabric material,

which, freed from 0il, soon regained its normal coefficient

of friction value. On heating up the brake wheel when

tallow had been applied to the brake-pad surfaces, very
erratic gripping was shown on the wheel's motion. The
passing from lubrication film to boundary lubrication and

then to dry condition could clearly be seen. It was not

intended in this investigation to try out the different

lubricating oils tested in the author's second investigation,

but as a matter of interest a set of brake pads was sparingly
treated/



4.

treated with Bayonne oil, castor oil, and tallow.
The mineral 0il was soon rubbed off and the coefficient of
friction of the fabric changed rapidly from 0.1 to 0.3b.
The tallow appeared to last longer as a lubricating medium
with a coefficient of 0.15 rising to 0.35. The castor o0il
did appear to affect the lining but in rather a peculiar way
as it gave a friction coefficient reading of nearly 0.2 and
at one time this value reached 0.41 showing that this o0il
had acted as a dressing; on running for some time the
value fell to 0.35 which was the dry coefficient value of the
fabric undergoing test.

On the frictiocn machine experiments have been carried
out with dry and tallow coated cotton or duck belting,
As this is a fabric, which when impregnated with rubber, has
been used for brake linings, & few readings are given;
fuller tests on this subject from a different point of view
have been made at the Royal Technical College by Laird 7.
This paper deals with "Viscous effects in Dynamometer Belts",
and the author in reading over this paper for publication
purposes soon discovered that Laird's investigations pointed
to the fact that the following formula

. e
fl o 'le('—é;;z‘:,), wherxe Te - Tl - Tz

effecti#e tension, was not easy of manipulation, since the
difference in tensions depends on belt creep and slip, arc
of contact between belt and pulley face, character of pulley
surface and belt surface, also velocity of belt. In the
ary cotton belt tests a slight formation of oxide on the
brake rim gave varisble readings; the humidity of the

atmosphere, or the least trace of moisture in the room

caused variations in the readings. On the introduction of

another varizble, namely a tallow coating on the cotton

brake band, made I - To 8till more variable, and the usual

belt/
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7 /aé'
belt formula jzf'== €

was not applicable as the test
results show. From the curve plotted from experimental data
Laird gave the formula , — 72z = /(/,{,9 V”/)f/ where

/? 2 coefficient of viscosity; A is the area of film in sheax
or area of contact between the belt and the wheel; V is the

speed of slipping; and W is calculated from end tensions as

(7,—4' 7= ﬂ

4

The resemblance between the formula given in the
author's investigation of lubricants submitted as part of
this thesis is very noticeable.

(1) Laird's (7, -7z) = /\//;l HVV){

(2) author's _«a = A/4%)% lubricated bearing.

(3) Boswall'g/;c ==/(( %éYv)5a for clearance bearings.
(4) Dry belting (7 —73) = e’

If the testing of lubricated cotton belting entails
the consideration of film lubrication with all its inherent
difficulties - Fabric Brake Linings, which are made from
bonded asbestos (plus in some cases 10 to 30 per cent of
cotton), brass wire (which does not always have the same
bearing surface), end bonding material (with varying
viscosity), added to these the possibility of oil or water
lubrication on brake wheel rim:?gﬁvento thes investigation
a most difficult number of variations and complicated
combinations of variables.

Considering the curve, Fig. /3 which has been taken
from a bonded asbestos lining, there are three distinct
Phases in this curve which may be denoted by the (1) Brass
or Hetal plane, (2) Composition stage, (3) Asbestos Plane;
this is assuming no cotton mixture in fabric.

The portion f.d. fepresents the curve of asbestos alone.

The portion a.e. represents the curve of brass or metal
a2lone, where a,b,c,d is the actual curve obtained for the

material. The first portion of the curve, namely line AA

appears/




appears to be determined by the intensity of the loading,
being near toﬁﬁ?axis the higher the loading becomes.

The metal curve shows little change with increase of speed
of rubbing, tut in the "composite stage" t?i/a~value
increases rapidly with the increase of speed. The asbesﬁos
part of curve decreases with the increase of speed, very
rapidly at first and then becomes more nearly constant.

(1) for metéi//z »= 0.3 to 0.38 average 0.34 depending
on the metal used.

(2) composite materizl (metal, asbestos plus bonding
material) <« increases at the rate of 0.15
per 100 ft. per minute.

003
(3) for asbestos < = 0.43 =speed * . .., this being

?
an average derived from curves with 7 1b and 28 1lb per sq.in.
pressure loading; the equations for the curves, Fig./3a.

on:%?;ﬂo
being (a) 1o§//1

- () 1°V

Using as a lubricant machine o0il changes the coefficient

«0.35 «7.02 log speed.

«0.38 =p.04 log speed.

in the phase (1) from 0.3 to 0.1l in four minutes, and the
ssbestos when lubricated still lowers this value and at the
end of ‘another period of five minutes t%i/x<value has become
0.02. In the.case of pressed block linings the lowest
value reached was 0.08 which is almost egual to metal on
metal. Curves, Fig.‘péﬁgzs; been drawn to illustrate the

changes which take place in temperature and &4 - values when

lubricant is used on the Brake Wheel.

COHSIDERAE;ON OF RESULLS ON BRAKE LININGS
From the foregoing experimental results given in this
investigation it will be seen that a wide variation of results
is due to the variable nature of the combined materials and
their method of manufacture. The Asbestos Fibres are washed
with mineral acids in order to make the fibres mbre absorbent ,

and also to prevent co-agulation of rubber while they are

being impregnated with latex. The percentage mixture is

usually/
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usually 80 asbestos to 20 rubber; the latex usually forms
30 per cent. solid content, and vegetable fibres may rgplace
asbestos in part. Sulphur may also be added. This in the
‘Investigation on Lubricants,has been placed among the
materials useful for carrying away heat from an over-heated
journal bearing. The mixture of materials, Asbestos,
Rubber, Sulphur, stc. is made into a dough; this in the
case of the Asbestos Bonded Brake Linings is forced into

the meshes of the wire fabric, and put into moulds in the
case of moulded linings without metal. After being allowed

to set at a moderate heat, 1509F., in a vacuum drier, the
slab or mould is compressed to about 1/3 of its initial
thickness. The slabs and the moulds are kept heated while
under hydraulic pressure, and this tends towards constancy
of finished material. The temperature of the moulds;?;gm
275 to 400°F, and the hydraulic load applied may be such as
to give 50 tons.

(1) These linings have a hardness of Rochwell No.B.%ana
can be machined. Thus when a brake strap arrangement is
properly designed to give uniform pressure, the lining may
be made to fit closely on to the brake wheel. A fault found
in carrying out experiments with fabric material made in
1926 was the lack of smooth surface.

(2) The discarding of the metal dinder is another
disadvantage brought out by this investigation owing te
quantity of metal surface exposed to rubbing wear not being
uniform.

(3) The material as now manufactured is not destroyed by
eéxposure to water or oil, but this does not mean that an
oiled surface can be used for a heavy load brake or friction
clutch.

The fabric material behaves in the same manner as

all lubricated metal surfaces subjected to running speed and

pressure/
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pressure. The asbestos composition can be used for clutches
designed for working in oil. This is the material used in
combined clutch and change-speed lever gear.

| (4) Temperature effects are such that with many built up
fabrics excessive wear takes place at high temperatures.

The temperature, with the newer hot-pressed linings, may now
reach B5009F. without destruction.

(56) Wear, which was measured by change of thickness in a
given time, or by change of weight over a given period of
rubbing, has been measured by absorption of energy per unit
of volume (one cubic centimetre) and expressed in horse-power
hours per cubic centimetre or ft.lb. per min. per sq.in. 7275

of '
This method/ measuring wear could be stated as an index

of the pefformance of brake linings and could be made a basis
of comparison, horse power hours per cubic centimetre, but
must not be taken when making a comparison between service
.brakes fitted to machines where excessive pressure may be
applied . intermittentlyand for short periods. The brakes are

never allowed to cool but are used at peak temperatures where

wear is excessive.

(6) The nature of the surface of the brake rim is a
deciding factor. In the main tests a cast iron brake drum
was used, but moulded type of brake lining has been proved
more suitable to use with low carbon steel pressed drums than
bonded asbestos. Metal, introduced to strengthen the yarn,
causes seizure to take place which ié followed by a fluctuating
frictional value which results in 'snatch' or 'shudder' ahd
brake drum scoring. |

At slow crawl speeds 'snatch' and 'shudder! is very
noticeable in the case of hig@/u-value fabric material.
Whele the low u-value material such as Breko, with its low

steady frictional value of 0.28 to 0.25,provides.a smooth avd
fairly/
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fairly rapid retardation. This class of materia%,uéeduﬂifa
hlow bearing pressure, was found to be good for electric
lifting cranes and hoisting machinery, a fact confirmed by

tests carried out by lessrs. Adamson at their crane works.

CONCLUSIOQNS ON BRAKE LININGS

This investigation had for its aim the comparison of
fabric linings as manufactured, a grouping together of test
results as required by the engineexr, an encouragement to

standardization of tests, and quality of material used.
vesults

A
Since the firstfof these tests were published19%0, manufacturers

have improved their running tests, and guided by results
obtained by these, and other experimenters' results on
durability when consideration is taken of duty iwmposed they
have gone on creating new and better materials suited for
carrying heavier loads, increasing speeds, and stopping
powers when suddenly applied to moving machinery.

Much of the data given in this investigation are
applicable to Friction Clutches and Friction Spur and bevel
wheels, The only difference is in the range of pressures
applied “in clutches and wheels which may vary from 25 to 75
lb. per sqg.in., whereas in brake linings the pressure on an
average iwm about 15 1b. per sq.in. with a maximum of 30 1b.

per sq.in. Even a lower pressure 12 1lb. per sqd.ib. has been

used by crane makers, and suggested by test results obtained in

this investigation. .The brake drums and brake shoes used in
Practice, even when made of pressings are not flexible.
The brake liningsin all the tests described are "worn in",
 that is, in applying the brake all rpoints must touch the drum
at the same moment. In applying the brake the lining is
being compressed, the compression being in proportion to the
pressure which is exerted on the lining (Hooke's Law); or the
sum of all friction forces £ < f;/“éﬁﬂﬂ

The higher the self-actuation the more sensitive is a

brake to change in friction coefficient. Therefore, if too

high/

i
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high a degree of self-actuation is used in a brake design,
the brake is liable to "grab' in some cases, while it will
not hold sufficiently in others. That is why it is much
more important to obtain a brake lining which is affected
as little as possible by temperature, moisture, speed, etc.
than to obtain a high frictional coefficient. There
appears to bé no way of judging the self-actuation of a
brake shoe. Different desigms show different features and
makers of brake linings are now inclined to specific brake

linings to be used with certain designs.

Fabric Material used for Gearing.

When geér wheels are made from fabrics, such as 'Ioco’
and 'Fabroil', consideration must be given to the Tensile
Strength of the material, to the hardness of the fabXric on
the root surface of the tooth and to the wearing surface
of the material. The duty of wheel teeth is to transmit
bower with least possible loss. The efficiency of the
gearing depends on lubrication, which is quite different
from Fabric Braxe Lining which seek to use the dry rubbing
surfaces, sliding friction, without seeking to use
seizure action which would destroy the surfaces. In gear
teeth the action is part rolling and part sliding friction
with line contact,

Comparison is made between material used for wheel
blanks.

(1) Fabroil pinions which are made from compressed cotton
- (specially prepared cotton fibres) This material takes the
Place of compressed paper and wood pulp blanks. In this
case there is no binder used and compressor therefore has
to be maintained by means of steel side plates, or shrouds;
if these are removed the Fabroil is useless. In this class
raw-hide pinions and pinions made from Ioco sheet may be

classed.

The nature of these fabrics made testing on the
Friction/
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Friction Machine difficult as the cutting up into }-in.
squares te. fit the fabric holder, Fig. 3 was almost
impossible. Test carried out on this material showed that
the dry friction was rather erratic, varying from static
frictibn 0.25 1o running friction 0.6, and again falling
rapidly to 0.25 as heat brought out the dressing.

When lubricant was applied th%/u~ value dropped by about

{? glving a_«-value of 0.16 to 0.2. (Tallow lubricant).
Castor o0il dressing when applied to the friction pads was
inclined to cause a viscous drag.

(2) Fabroil-A cut very easily into 4-in. squares and when
run on the Friction Machine gave smooth running and taking
on a beautiful polished surface which worked well with
cast iron. The lubricated friction tests gave a value for

_# = 0.1 to 0.06. A high pressure could be applied to
this material, and o0il did not tend to destroy its structure
even when running against the grain of the texture, yet it
does not appear to have the strength of the shrouded pinion.

.(3) Ferodo bonded asbestos could not be used for gearing
but for light duty Ferodo fibre could be used.

- (4) Ioco is made in much the same manner as Fabroil the
only difference being that in a semi-plastic state the
woveh cotton duck strip is impregnated with synthetic resin
and compressed in steam heated moulds under pressure.

It is finished as it comes from the moulds except for slight
trimming at the parting line in gear blanks, and curing for
about 20 hours at 2129F. (irawgermset § Jioes 10 hinire % .

(6) Cotton cloth impregnated with Bakelite is pressed
into heated moulds to make turning gears for o0il pumps.

Duck cloth has usually a tensile strength of 24 to 30 1b.
per inch width per ply.

Table/
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Table of comparative strength and hardness.

liaterial Ultimate Izod Hardness
Tensile Strength ftJdb. Max. Min.
Fabroil-A " thick 4 tons/in® 2  48.8 44.4 Brinell
10 3 1 4 ]
Formapex " thick .. 5% tons{igz 5 36 3
Micarta 7 tons/in 45 41 "
(Shear) 2 tons/in® 99 93 Rockwell B
Ferodo +" thick 2 tons/inz' 1 98 R
Fibre ockwell B
Formapex Gear 3 tons/in? 1.5 78 77 Rockwell B.
Wheel Blank at boss and rim
5 tons at web. 2.5 82 73.5 "
Vulcanized .
. Fibre 7.5 tons/in® 3.5 75 70 Rockwell B

The Young's Modulus for all fabrics is approximately

1 x10%  Tne blanks can be machined by using tools with large
top rake; circular nilding hobs with steep top rake are used
for cutting teeth in blanks, and grinding may be rdone
preferably by a rapidly rotating fine-grained emery wheel,
(e.g. No. 40 emery, 5 inch diam, 3000 r.p.m.), teking care

to avoid undue heating of the fabric. These features were

clearly brought out during the machining of the various test

pieces,

Cross-Breaking Strength or Maximum Fibre Stress.

For most practical purposes this is defined as the load,P,

required to fracture, by bending, a bar-shaped test-piece of
given rectangular cross section (b = breadth, 4 = depth),
when this is supported or held horizontally and the load
applied vertically in one of the following forms of test:-
(a) Cantilever Test: The bar is held by a clamp at one

end and load applied at a distance, L, from the near edge of

the clamp. Stress = 654412 - Iogo, 0.5" x 75" x 2.5".
Safe load, 25 1b.

(v)/
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(b) 3=-point Loading test: The bar is supported at two
poihts a given diétance, L, apart, and the load applied
midway between them. Stress = 37 Z’J"/z, Fabroil-A =
0.5% x .75 x 2.56", ©Safe Load, 95 1b.

Impact Strength

(c) This is expressed as energy per unit area of cross
section of the test piece where fracture occurs, but this
test varies with the shape of the cross section. This gave
approximately 2 to 3 ft.lb. for all fabric material.

Plastic Yield Test - (d): Test as in (b) at a given

temperature (200°F.) for a given time 9 minutes, or 80°F.
for a period not less than 12 hours. One of the Fabroil-A
pieces was turned to " diameter at ends and a plain portion
4" diameter for 2" long. This test piece was subjected

to torsion and gave on an average 10000 1b/in% (max. 13000
1b/in®, min. 9000 1b/in?),

Absorption Tests - The Vulcanized Fibre, although

like the other fibres tested was insoluble in ordinary
solvents, was seen to absorb water (swells). In this
respect Joco and Fabroil materials are better than
Vulcanized Fibre, wood, raw-hide, etc.

Formapex liocarta and Fabroil-A gears and blanks are
sent out from factory with metal centres which are
permanently held in position without rivets. Sketches of
& blank and a cut gear are shown in Fig./V . These can

be made much stronger and lighter than when cut from slabs.

From the formuls HP = 0.0001 x VPx Txbxy
i.

dezived for Ioco material, let breadth of face of wheel Db

S 1 inch and the diametrical pitch D.P. = 1, then the

formula for horse power becomes HP = ,0001 x V x f x y per
inch of face per 1 diametrical pitch. Agsume pressure

angle 144°, then log HP = 1log 0.0001 + log V + log f + logy.

To make an alignment chart to suit this logarithmic formula

of/
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of four variables, let log r = log V—+ log f;

If V varies from 100 to 2000 ft. per sec. then

log 20000 - log 100 = 1.301, magnify this by 5, say
6.5056"

The safe stress of the material for different speed may
vary from 1000 to 4000.

Then 1log 4000 - log 1000 = 0.602. magnify by 10, say
6.02%,

The form factor will vary from 0.075 to 0.118.

 log 0.118 - log 0.076 & 0.2. magnify by %, say 6"
If the distance between scale V, (S, )and scale f i) = 3"

then scale of r will be distant from V by e"

/

-2 3
when e 3 5% _x 3 2 7 x 3 a_® g1n
S8y + S¢ 5 + 7 5
and scale of r, (Sr)) 2 ",3‘5
Again place scale y at distance 3% from scale r,
thene = Sy 4 3 ,
x 3 = do X3 8 - = 0,3
Sr -+ Sy % + ;3,—0 e

Then scale for H.P. (S )y.p‘ ) = l’é

: v f
Substitute in formula HP 0.0001 x 2000 x 1000 x ,1l18

= 23,6
and HP = p,0001 x 100 x 4000 x..Q76
: 3.

The chart has now been drawn, Fig./§ from this data and
gives any of the four variables when the others are known.
This chart has been improved by adding the scale for the
Pitch diameter of the wheels, the number of teeth and the
diametrial pitch. Tpe formula which gives these dimensions

and numbers are

(1) (Q.E‘E;_'gw; 2 Velocity in ft.per min.

- 0.26d x r.pm. =V

(2) circumferential pitch p =—D1;s- and np = 774

Therefore n = ¢4 x D.P.

From/
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From (1) logd = logV - log .26 - log N
From (2) log D.P. = log n - log d

By the same method the scales N and D.P. héve been
added. These could have been drawn separately butf@he
addition of key-lines the scales are clearly connected.

The author was asked by Professor Mellanby to furnish
the manufacturers of Ioco Fabric with a formula to suit
their material, and this has been added as a matter of
interest, and is a practical illustration of the ease& with
which nomograms can be adopted to test results. An
experimental apparatus was also designed to test the endurance
of fabric gearing when running in conjunction with cast iron
wheels.

For the first run-in of fabric gearing it is advisable
to use a so0lid lubricant such as a mixture of vaseline and
graphite, or colloidal graphite. A thin coating of this
lubricant during the run-in period helps to make a polished
smooth surface, afterwards the gears may be run in a bath
of good lubricating oil.

The fabrics might be made to suit the chuck of a
reversal of bending stress machine, and could be subjected to
a sliding motion abrasion as a speedier method of testing the
gear blank pressed fabric material. This would certainly
give a very much shorter test than was recommended to the Ioco
Company.

From the alignment chart the table and graph horse powers
for various diametrical pitch have been drawn up for easy

application, yff /9.

Diametrial pitch 10 8 6 5 4 3 24 2

H.P. : $4-4 1.2 3.5 7.5 10 15-25 ©50-60 75-100

This investigation was supplemented by work done on the
strength of various plastic moulded material for hardness and

strength/
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strength, the number of which has considerably increased
since this research began in 1929, but as the Thesis has
become rather . lengthy it was thought advisable to leave this
for a future research.

In previous papers the author has thanked Professors
A.L. Mellanby and Professor Wm. Kerr for permission to carry
out these tests and here again he desires to thank them for
guidance and encourggement during the many tests carried out.
To the different manufacturers of fabricssupplied for these
tests the Author tenders his thanks, and also to the
Governors of the Royal Technical College for the freedom to
use the power and plant erected in the College Laboratories

of the Mechanical Engineering Department.

APPEND IX (application of data to road and rail)
The importance of Braking Systems can be well understood
when the problem is considered of arresting as much as
50,000,000 ft.lb. of energy at 90 m.p.h. in the space of
40 sec. (or about ¥ mile). The value qf/a-— varies widely
with apeed, decreasing rapidly at the higher speeds where it

is most needed.

(1) Percentage Braking = road or rail . %t

shoe P

varies for dry or wet surface of rail, and on surface

material of road (conceete, macadanm, asphalt) and also on
these being dry or wet.

Friction on track F -_é,./n/i (normal load) = 2 teeg ialfl)
8

This is approximately =//4.; Brake applied pressure =/¢l,,B,

Equivalent rail or road frictiog//ah:x N 2 F = s £

S0 that F = e N = ’AN og//xge ff;/4%- to prevent

slippage. 1 + 0.014 V

’/{{s/}i I 0.076 V)

This/
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Time Spring Balance Temperature value.
Pull, 1b. . M
11.55 a.m. 9.2 49°%, 0.6
12 9.4
12.15 p.m. 9.35
12.30 P 9,25 65°F.
.45 9.15
1§ 9.15 70°F. 0.58
1.15 9.15
1.30 9,15 75°F,
1.45 9.15
2 9.156 76°F,
2,15 9.10
2.30 9.05
2.35 0.05 n6OF, 0.56
Load changed to 36.65 1b. M
2.50 p.m. 12.45 75°F- 0053
3 12.55 809F.
3.10 12.58 850F. 0.55
3.40 12.55 950F .
4 12.55 1000F, 0.54
4,20 12.5 106°F.
4,40 12.45 1109F. 0.53
4,50 12.45 1109F.
[ 12.45 1109F. 0.54

Room Temperature 52°F. Micrometer (1.9093 - 1,9089)
« 0.004 inches,

When the 'Chekko' material is to be supplied for
clutches the makers prescribe a specific loading
12 to 20 1b/in2, © . In ordey to carry out -

temperature tests taking two different loads and speeds,

Four bunsen flames{arranged round the interior of the

rim supplied the heat. It was afterwards found that

these required to be augmented by the aid of two blow
’ Sad B Se

lamps, and the brake wheeldshielded from the cold

draughts as much as possible,

'Chekko' Bonded Asbestos. Micro.readings, 1.9207.

Pime Temperature Coefficient of Remarks
of Rim OF, Friction, 4 Dia. 26"
2.45 pem. 110 0.58 Surface dry, Speed
1360 ft/min.
2.51 196 0.56 Specific load,
213 1b/in2
3 238 0.53 Wheel partly enclosed
320 pem. 242 0.6
it g 2 Speed 687 ft./min.

0.70 Specific Load 7 1b/in?

4,18 70 0.647 Wheel not enclosed.
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The excesslive wear during the first period of wear-
tests 1s more noticeable with the woven yaterial than with
the highly pressed( under temperature) moulded material.

The latter can be machined and does not require much
running-in, since the bearing surface is more regular than
with the more soft woven and impregnated material.

From the average values of a large number of tests on
woven fabric pure asbestos the curves in Fig. 9 have been

wheeh
plotted. These was excessive wearatfm{éFa}ﬁally droppeol
down toanalmesfstationary value of wear;/h(e curres show that the
rise in temperature 1s almost constant; while the value of
the coefficient of friction falls uniformly over the first
four tests, 24 minutes, and then remains almost constant over
a long period test. The period of time between each test
was a half minute, and the friction wheel was protected from
cold currents.

Between room temperature and 300°F. the wear appears to
be directly in proportion to the amount of work dissipated at
the brake wheel rim. Above 300°F. the wear 1s excessive
and grows rapidly for all Woven Bonded Fabrics; it is in this
region that fabrics containing cotton become charred. The
wear for nearly all fabries is twice as great at 520° as at

260°F. for similar speeds.

Effect of Change of Pressure and Speed, but pv = constant.

During the tests with constant temperature regulated by
the bunsen gas flame, the amount of wear was unchanged by
adding load and decreasing speed, or decreasing load and
increasing speed, to give equal works (p.v.). With a fabric
material having a 1Sg/a-va1ue it is found better to work

with/
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with a low p-value, say 10 to 12 lb/in2 maximum and a high
rubbing speed V. Wit the high  coefficient of friction
fabri;s a pressure of 30 1b/in® is found to be more suitable
with lower rubbing speed. Tests carried out on a drop-
hammer ferodo brake lifting tup showed that, when 50,000 ft.
1b. per sq.in. per minute was demanded from lining, the
material wore out very rapidly with air cooled brake rim
pulley, but with water cooled brake pulley the wear was not
excessive. All tests carried out on the various fabrics
show that it 1s not advisable to design for more than
12,500 ft.1lb. per sg.in. per minute. A graph showing
specific work, H.P.hr. per sq.in. plotted on temperature °p.

is given at Pig. /0.

Effect of Rapid Heating ngl—“value.

A new brake lining having a #-value = 0.48 at@350 F.

is applied to the brake wheel which when running has the
temperature raised to nearly 350°F. before applying the brake.
After the brake is applied the teﬁperature rises rapidly to
575°F., time approximately 10 minutes. T?g/ﬂ~value of the
material is reduced to 0.18 and may be taken on average as
0.2 for 20 minutés before disintegration of lining material
takes place. The same material at &25°E. hfg/u-value = 0.4
but when raised to 575°F. in 10 minutes has still a «-value

= 0.35, and never goes undﬁﬁ/ll = 0.3. In both cases the
//u-value increases as disintegration of lining takes place
caused by the binding material becoming plastic. It was
also found that the more slowly a brake lining 1s heated up
the less likely is the bonding material to leave the fabric.
The graph, Fig,// , shows how the coefficlent of friction
varies with temperature in a number of fabrics. Taking an

average of five different makers' linings, the meximum /~value

is about 2509F. and the minimum 400°F.

Effect/
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Effect of Roughening Surface of Brake Rim, =

Some cotton and duck fabrics have been tested which were
made with a sulphur greasy compound incorporated while under
pressure. It was found that oxidization took place, and
smoothness of action soon disappeared. Where cast iron drums
have been roughened by a file it has been observed that the
fabric lining suffers very severely, and after a relatively
short time, it is unfit for use. An iron cement was applied
to a small pullgy rim and Ferodo Fibre-was used as a brake.
Under the application of a very light pressure wear was
excessive and heat generated rapidly, showing that in brake

linings abrasion material would be detrimental.

Effect of Applying Water or Lubricants to Brake Wheel.-

In this set of experiments,"Raybestos' bonded asbestos
brake linihg is used. The speeé is kept (approx.) constant
at 1000 ft. per minute, V, and with a pressure of 45 1lb/inZ
t%st* value is 0.38. Raising the temperature of the brake
rim is followed by a drop in the value of the coefficient
of friction. Removing the bunsen burners and applying water
to the surface of the brake rim lowers t%g/t—-value
considerably and as long as the water is allowed to wet the
brake surface of the wheel this coefficlent becomes smaller.

‘ Oﬁ removing the water and again applying heat thg/d~values
rises as the molsture dries off and is noted to be greater than
original starting value. A series of these changes are

shown, Fig.,/7, in order to depict the various changes;

shocks or shudders are seer on the brake wheel's motion.

When moist conditions prevail during tests the following
changes are noticeable:

(1) that the high Tubbing value of the friction fabric
materials change when working on a water Jubricaled surface ;
(2) thiﬁ/af—values for all materials are lowered by one third

dry test values;

(3)/
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(3) That a thin coating of rust or iron-oxide has been
found to lower t%;/b-value by one half,

The pad pieces, in one test, after being fitted to the
curvature of the brake drum were allowed to soak in water
for three days. The fabric materizl was dryed on blotting
paper and placed iﬁ%ﬁolder. It only required a second or
two to reach the maximum «-— value yet there certainly was
a distinct lag in reachiné/af—value found in previous tests.
The lining was not destroyed by the moisturganditdid wnof
appear to affect the lining after the first test run which
pointed to the fact that the surface moidsture, rather than
penetration of water into the bonded fabric, was the cause
of the temporary change in the value of the friction
coefficient.

To prevent o0il or water drip reaching the rubbing
surface, rubber coating in the form of a solution has been
tried on the brake lining leading edge. i.e. the first edge
opposing the moticn of wheel. Experiments on pads with
rubber solution on edges were not carried to any length,
but showed clearly that fluid could be guided past the brake

surface by this simple contrivance.

Effect of Lubricant on Fabric Material.

Apart from the lowering of t%g/Z—-value, lubrication
did not destroy in any way the die pressed fabric material,
which, freed from o0il, soon regained its normal coefficient
of friction value. _ On heating up the brake wheel when
tallow had been applied to the brake-pad surfaces, very
erratic gripping was shown on the wheel's motion. The
passing from lubrication film to boundary lubrication and
then to dry condition could clearly be seen. It was not
intended in this :investigation to try out the different
lubricating oils tested in the author's second investigation,
but as a matter of interest a set of brake pads was sparingly

treated/
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treated with Bayonne 0il, castor oil, and tallow.
The mineral oil was soon rubbed off and the coefficient of
friction of the fabric changed rapidly from 0.1 to 0.35.
The tallow appeared to last longer as a lubricating medium
with a coefficient of 0.15 rising to 0.35. The castor oil
did appear to affect tﬁe lining but in rather a peculiar way
as it gave a friction coefficient reading of nearly 0.2 and
at one time this value reached 0.41 showing that this oil
had acted as a dressing; on running for some time the
value fell to 0,35 which was the dry coefficient value of the
fabric undergoing test.

On the friction machine experiments have been carried
out with dry and tallow coated cotton or duck belting,
As this is a fabric, which when impregnated with rubber, has
been used for brake linings, a few readings are given;
fuller tests on this subject from a different point of view
have been made at the Royal Technical College by Laird 7.
This paper deals with "Viscous effects in Dynamometer Belts",
and the author in reading over this paper for publication
purposes soon discovered that Laird's investigations pointed

to the fact that the following formula

4
1] = To(Sz), where Tq = T - Tp

effecti#e tension, was not easy of manipulation, since the
difference in tensions depends on belt creep and slip, arc
of contact between belt and pulley face, character of pulley
surface and belt surface, also velocity of belt. In the
dry cotton belt tests a slight formation of oxide on the
brake rim gave variasble readings; the humidity of the
atmosphere, or the least trace of moisture in the room
caused variations in the readings. On the introduction of
another variable, namely a tallow coating on the cotton
brake band, made Iy - T5 s8till more variable, and the usual

belt/
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belt formula % = 6/1(9 was not'applicable as the test
results show. From the curve plotted from experimental data
Laird gave the formula , — 7z = A’/,{,q V”/)f, where

/? 2 coefficient of viscosity; A is the area of film in shear
or area of contact between the belt and the wheel; V is the

speed of slipping; and W is calculated from end tensions as

CZiIf— g

z
The resemblance between the formula given in the

authort's investigation of lubricants submitted as part of

this thesis is very noticeable.
£
(1) Laird's :n—f)=/ﬁqﬁwﬂz

(2) author's//a = /V//A)/ z lubricated bearing.

(3) Boswall's u = /(C.Z/Y,) for clearance bearings.
4

(4) Dry belting (77 —72) = e”

If the testing of lubricated cotton belting entails
the consideration of film lubrication with all its inherent
difficulties,” ~ Fabric Brake Linings, which are made from
bonded asbestos (plus in some cases 10 to 30 per cent of
cotton), brass wire (which does not always have the same
bearing surface), and bonding material (with varying
viscosity), added to these the possibility of oil or water
lubrication on brake wheel Tim feivento thés investigation
a most difficult number of variations and complicated
combinaticns of variables.

Considering the curve, Fig. /3 which has been taken
from a bonded asbestos lining, there are three distinct
phases in this curve which may be denoted by the (1) Brass
or ietal plane, (2) Composition stage, (3) Asbestos Plane;
this is assuming no cotton mixture in fabric.

The portion f.d. fepresents the curve of asbestos alomne.

The portion a.e. represents the curve of brass or metal
along; where a,b,c,d is the actual curve obtained for the

material. The first portion of the curve, namely line AA

appears/



appears to be determined by the intensity of the loading,
being near toﬁﬂ?axis the higher the loading becomes.

The metal curve shows little change with increase of speed
of rubbing, but in the "composite stage" the «—value
increases rapidly with the increase of speed. The asbestos
part of curve decreases with the increase of speed, very
rapidly at first and then becomes more nearly constant.

(1) for metéi//z = 0.3 to 0.38 average 0.34 depending
on the metal used.

(2) composite material (metal, asbestos plus bonding
material) increases at the rate of 0.15
per 100 ft. per minute.
o003
(3) for asbestos &t = 0.43 =~speed ..., this being
an average derived from curves with 7 1b and 28 1lb per sq.in.
pressure loading; +the equations for the curves, Fig./3a. .
o ¥ 70
being (a) log 2  20.35 =¢.02 log speed.

(o) l?%//t =  -0.38 -p.04 log speed.

Using as a lubricant machine o0il changes the coefficient
in the phase (1) from 0.3 to 0.1 in four minutes, and the
csbestos when lubricated still lowers this value and at the
end of another period of five minutes t%i/u~value has become
0.02. In the‘case of pressed block linings the lowest
value reached was 0.08 which is almost equal to metal on
metal. Curves, Fig. péyE;;;; been drawn to illustrate the

changes which take place in temperature and #-values when

lubricant is used on the Brake Wheel.

CONSIDERATION OF RESULLS ON BRAKE TLININGS

From the foregoing experimental results given in this
investigation it will be seen that a wide variation of results
is due to the variable nature of the combined materials and
their method of manufacture. The Asvestos Fibres are washed
with mineral acids in order to make the fibres mbre absorbent ,
and also to prevent co-agulation of rubber while they are
being impregnated with latex. The percentage mixture is

usually/
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usually 80 asbestos to 20 rubber; the latex usually forms
30 per cent. solid content, and vegetable fibres may rfplace
asbestos in part. Sulphur may also be added. This in the
‘Investigatian on Lubricants)has been placed among the
materials useful for carrying away heat from an over-heated
journal bearing. The mixture of materials, Asbestos,
Rubber, Sulphur, stc. is made into a dough; this in the
case of the Asbestos Bonded Brake Linings is forced into

the meshes of the wire fabric, and put into moulds in the
case of moulded linings without metal. After being allowed
to set at a moderate heat, 1509F., in a vacuum drier, the
slab or mould is compressed to about 1/5 of its initial
thickness. The slabs and the moulds are kept heated while
under hydraulic pressure, and this tends towards constancy
of finished material. The temperature of the moulds}?ggm
275 to 400°F. and the hydraulic load applied may be such as
to'give 50 tons.

(1) These 1linings have a hardness of Rochwell No.B.™and
can be machined. Thus when a brake strap arrangement is
properly designed to give uniform pressure, the lining may
be made to fit closely on to the brake wheel. A fault found
in carrying out experiments with fabric material made in
1926 was the lack of smooth surface.

(2) The discarding of the metal binder is another
disadvantage brought out by this investigation owing te
quantity of metal surface exposed to rubbing wear not being
uniform.

(3) The material as now manufactured is not destroyed by
exposure to water or oil, but this does not mean that an
oiled surface can be used for a heavy load brake or friction
clutch, The fabric,material behaves in the same manner as
all lubricated metal surfaces subjected to running speed and

pressure/
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pressure. The asbestos composition can be used for clutches
designed for working in oil. This is the material used in
combined clutch and change-speed lever gear.

(4) Temperature effects are such that with many built up
fabrics excessive wear takes place at high temperatures.

The temperature, with the newer hot-pressed linings, may now
reach 5009F. without destruction.

(5) Wear, which was measured by change of thiOkness in a
given time, or by change of weight over a given period of
rubbing, has been measured by absorption of energy per unit
of volume (one cubic centimetre) and expressed in horse-power
hours per cubic centimetre or ft.lb. per min. per sq.in. #%?AY

of
This method/ measuring wear could be stated as an index

of the pefformance of brake linings, and could be made a basis
of comparison, horse power hours per cubic centimetre, but
must not be taken when making a comparison between service
brakes fitted to machines where excessive pressure may be
applied . intermittenthand for short periods. The brakes are
never allowed to cool but are used at ﬁeak temperatures where

wear is excesgive.

(6) The nature of the surface of the brake rim is a
deciding factor. In the main tests a cast iron brake drum
was used, but moulded type of brake lining nas been proved
more suitable to use with low carbon steel pressed drums than
bonded asbestos. Metal, introduced to strengthen the yarn,
causes seizure to take place which ié followed by a fluctuating
frictional value which results in 'snatch! or 'shudder' ahd
brake drum scoring. |

At slow crawl speeds 'snatch' and 'shudder' is very
noticeable in the case of high u-value fabric material.
Wne/e the low/u-value material such as Breko, with its low

steady frictional value of 0.28 to 0.25 provides a smooth amd

fairly/
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fairly rapid retardation. This class of materia%,ufeduﬁifa
hlow bearing pressure, was found to be good for electric
lifting cranes and hoisting machinery, a fact confirmed by

tests carried out by ilessrs. Adamson at their crane works.

CONCLUSIONS ON BRAKE LININGS

This investigation had for its aim the comparison of
fabric linings as manufactured, a grouping together of test
results as required by the engineer, an encouragement to
standardization of tests, and quality of material used.

Since the firsgfggazhese testséwere published 1950, manufacturers
have improved their running tests, and guided by results
obtained by these, and other experimenters' results on
durability when consideration is taken of duty imposed they
have gone on creating new and better materials suited for
carrying heavier loads, increasing speeds, and stopping

powers when suddenly applied to moving machinery.

Much of the data given in this investigation are
applicable to Friction Clutches and Friction Spur and bevel
wheels. The only difference is in the range of pressures
applied -in clutches and wheels which may vary from 25 to 75
lb. per sq.in., whereas in brake linings the pressure on an
average iwm about 15 1b. per sg.in. with a maximum of 30 1b.
per sq.in. Even a lower pressure 12 1b. per sq.ih. has been
used by crane makers, and suggested by test results obtained in
this investigation. .The brake drums and brake shoes used in
practice, even when made of pressings are not flexible.

The brake liningsin all the tests described are "worn in",

" that is, in applying the brake all points must touch the drum
at the same moment. In applying the brake the lining is
being compressed, the compression being in proportion to the
pressure which is exerted on the lining (Hooke's Law), or the
sum of all friction forces £ F f;/MZ?Ac

The higher the self-actuation the more sensitive is a

brake to change in friction coefficient. Therefore, if too

high/
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high a degree of self-actuation is used in a brake design,
the brake is liable to "grab% in some cases, while it will
not hold sufficiently in others. That is why it is much
more important to obtain a brake lining which is affected
as little as possible by temperature, moisture, speed, etc.
than to obtain a high frictional coefficient. There
appears to bé no way of judging the self-actuation of a
brake shoe. Different designsshow different features and
makers of brake linings are now inclined to specific brake -

lininge to be used with certain designs.

Fabric Material used for Gearing.

When gear wheels are made from fabrics, such as 'Ioco!
and 'Fabroil', consideration must be given to the Tensile
Strength of the material, to the hardness of the fabric on
the root surface of the tooth and to the wearing surface
of the material. The duty of wheel teeth is to transmit
power with least possible loss. The efficiency of the
gearing depends on lubrication, which is quite different
from Fabric Braxe Lining which seek to use the dry rubbing
surfaces, sliding friction, without seeking to use
seizure action which would destroy the surfaces. In gear
teeth the action is part rolling and part sliding friction
with line contact.

Comparison is made between material used for wheel
blanks.

(1) Fabroil pinions which are made from compressed cotton
(specially prepared cotton fibres) This material takes the
place of compressed paper and wood pulp blanks. In this
case there is no binder used and compressor therefore has
to be maintained by means of steel side plates, or shroudsj
if these are removed the Fabroil is useless. In this class
raw-hide pinions and pinions made from Ioco sheet may be
classed.

The nature of these fabrics made testing on the

Friction/
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Friction Machine difficult as the cutting up into 4-in.
squares ta fit the fabric holder, Fig. 3 was almost
impossible. Test carried out on this material showed that
the dry friction was rather erratic, varying from static
frictibn 0.25 to running friction 0.6, and again falling
rapidly to 0.25 as heat brought out the dressing.

When lubricant was applied thg/x— value dropped by about

% giving a_«-value of 0.16 to 0.2. (Tallow lubricant).
Castor o0il dressing when applied to the friction pads was
inclined to cause a viscous drag.

(2) Fabroil-A cut very easily into 4~-in. squares and when
run on the Friction lMachine gave smooth running and taking
on a beautiful polished surface which worked well with
cast iron. The lubricated friction tests gave a value for

//ﬂi = 0.1 to 0.06. A high pressure could be applied to
this material, and o0il did not tend to destroy its structure
even when running against the grain of the texture, yet it
does not appear to have the stirength of the shrouded pinion.

,(3) Ferodo bonded asbestos could not be uséd for gearing
but for light duty Ferodo fibre could be used.

- (4) Ioco is made in much the same manner as Fabroil the
only difference being that in a semi<plastic state the
woveh cotton duck strip is impregnated with synthetic resin
and compressed in steam heated moulds under pressure.

It is finished as it comes from the moulds except for slight
trimming at the parting line in gear blanks, and curing for
about 20 hours at 212°F. W 7 T R %7.'/4_

(5) Cotton cloth impregnated with Bakelite is pressed
into heated moulds to make turning gears for oil pumps.

Duck cloth has usually a tensile strength of 24 to 30 1b.
per inch width per ply.

Table/



A 50-ton semi-au mntic hydraulic press for
plastic moulding, with motor-driven variable-
stroke automatic pump.
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Table of comparative strength and hardness.

liaterial Ultimate

Tensile Strength ft.db.

Izod

Max.

Hardness
Min.

Fabroil-A 3" thick 4 tons/in®

2 48.8 44.4 Brinell

Formapex 4" thick Tensileﬁé tons/inf 3 36 34 "
Uicarta 7 tons/in® 45 41 "
(Shear) 2 tons/in® 99 93 Rockwsll B
Ferodd 3" thick 2 tons/in® 1 gg Rockwell B
Formapex Gear 3 tons/in2 1.5 78 77 Rockwell B.
Wheel Blank at boss and rim
5 tons at web. 2.5 82 73.5 "
Vulcanized
- Fibre 7.5 tons/in? 3.6 75 70 Rockwell B

The Young's Modulus for all fabrics is approximately
1 x 105,  Tne blanks can be machined by using tools with large
top rake; circular mflding hobs with steep top rake are used
for cutting teeth in blanks, and grinding may be rdone
preferably by a rapidly rotating fine-grained emery wheel,
(e.g. No. 40 emery, 5 inch diam, 3000 r.p.m.j, taeking care
to avoid undue heating of the fabric. These features were

clearly brought out during the machining of the various test

pieces.

Cross-Breaking Strength or Maximum Fibre Stress.

For most practical purposes this is defined as the load,P,
required to fracture, by bending, a bar-shaped test-piece of
glven rectangular cross section (b = breadth, d = depth),
when this is supported or held horizontally and the load
applied vertically in one of the following forms of test:-

(a) Cantilever Test: The bar is held by a clamp at one'

end and load applied at a distance, L, from the near edge of

the clamp. Stress = ‘5‘2{‘?- Iogo, 0.5" x 76" x 2.5%.

Safe load, 25 1b.
(0)/



(b) 3-point Loading test: The bar is supported at two
points a given distance, L, apart, and the load applied
3/’../2%/2 . A
midway between them. Stress = , FYabroil-A =
0.5" x 76" x 2,6%, Safe Load, 95 1b.
Impact Strength

(c) This is expressed as energy per unit area of cross
section of the test piece where fracture occurs, but this
test varies with the shape of the cross section. This gave
approximately 2 to 3 ft.1lb. for all fabric material.

Plastic Yield Test - (d): Test as in (b) at a given

temperature (200°F.) for a given time 9 minutes, or 80°F.
for a period not less than 12 hours. One of the Fabroil-A
pieces was turned to &% diameter at ends and a plain portion
4" diameter for 2" long. This test piece was subjected

to torsion and gave on an average 10000 1b/in? (max. 13000
1b/in®, min. 9000 1b/in?),

Absorption Tests - The Vulcanized Fibre, although

like the other fibres tested was insoluble in ordinary
solvents, was seen to absorb water (swells). In this
respect Ioco and Fabroil materials are better than
Vulcanized Fibre, wood, raw-hide, etc.

Formapex Miocarta and Fabroil-A gears and blanks are
sent out from factory with metal centres which are
permanently held in position without rivets. Sketches of
a blank and a cut gear are shown in Fig./7 . These can

be made much stronger and lighter than when cut from slabs.

From the formula HP = 2.0001 XDVPX fxbxy

dezived for Ioco material, let breadth of face of wheel b
=z 1

1 inch and the diametrical pitch D.P. = 1, then the

formula for horse power becomes HP = ,0001 xV x f x y per

inch of face per 1 diametrical pitch. Agsume pressure
o
angle 144", then log HF = 1log 0.0001 + log V + log f + logy.

To make an alignment chart to suit this logarithmic formula

of/




of four variables, let log r = log V—+ log £,

If V varies from 100 to 2000 ft. per sec. then

log 20000 - log 100 = 1.301. magnify this by 5, say
6.5056"

The safe stress of the material for different speed may
vary from 1000 to 4000.

Then log 4000 - log 1000 = 0.602. magnify by 10, say
6.02".

The form factor will vary from 0.075 to 0.118.

" log 0.118 - log 0.075 = 0.2. magnify by Y%, say 6
If the distance between scale V (S,)and scale £, = an

then scale of r will be distant from V by e"
/

when 8 2 St X 3 = —7—-J§Lf7—- x 3 = jé a 1"
Sy + 5S¢ 5 + 7 N
and scale of r, (Sr)) 2 —,ég,
Again place scale y at distance 3" from scale r,
< .
thene = = ﬁf‘sy x3 = 3 jé = X3 a j% = 0.3
Then scale for H.P. (S 6_‘,',' ) = Y%

' v T
Substitute in formula HP 0.0001 x 2000 x 1000 x .118

= 23.6
and HP = p,0001 x 100 x 4000 x...0756
= 3.

The chart has now been drawn, Fig./§ %rom this data and
gives any of the four variables when the others are known.
This chart has been improved by adding the scale for the
pitch diameter of the wheels, the number of teeth and the

diametrial pitch. The formula which gives these dimensions

and numbers are

diam. Of [ » ] - 3
(1) (______Ti_SEEEI_E_E_E_ 2 Velocity in ft.per min.

- 026 d x r.pam. =V

N
TP and np = 774

(2) circumferential pitech p =

Therefore n = d xD.P.

From/
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From (1) logd = logV - 1log .26 - log N

From (2) log D.P. = 1log n - log d

By the same method the scales N andVD.P. héwe heen
added. These could have been drawn separately butf%he
addition of key-lines the scales are clearly connected.

The author was asked by Professor Mellanby to furnish
the manufacturers of Ioco Fabric with a formula to suit
their material, and this has been added as a matter of
interest, and is a practical illustration of the ease with
which nomograms can be adopted to test results. An
experimental apparatus was also designed to test the endurance
of fabric gearing when running in conjunction with cast iron
wheels.

For the first run-in of fabric gearing it is ad#isable
to use a solid lubricant such as a mixture of vaseline and
graphite, or colloidal graphite. A thin coating of this
lubricant during the run-in period helps to make a polished
smooth surface, afterwards the gears may be run in a bath
of good lubricating oil.

The fabrics might be made to suit the chuck of a
reversal of bending stress machine, and could be subjected to
a sliding motion abrasion as a speedier method of testing the
gear blank pressed fabric material. This would certainly
give a very much shorter test than was recommended to the Ioco
Company.

From the alignment chart the table and graph horse powers
for various diametrical pitch have been drawn up for easy

application, #4 /9.

Diametrial pitch 10 8 6 5 4 3 2% 2

H.P. : -4 1-2 3.5 7.5 10 15-256 50-60 75-100

This investigation was supplemented by work done on the
strength of various plastic moulded material for hardness and

strength/

























































































































































































































































































































