PLAINTIFF'S EXHIBIT

To: Mr. J. C, Garward
From: W. K. Skuba

ce: J. L. Rich
Subject: FAST eveluntion of eleven Australian Ford brake linings

The friction and wear characteristics of eleven Australian Ford brake linings
supplied by Mr. F, P. Hill of your department were investigated using Ford's

FAST procedures,

We would like to include correlation (or lack.of correlation) with vehicle test
experience in the report to be issged on this investigation. Specifically, we would
like vehicle test information_(quantitative, where possible) on the wear rates and
friction cheracteristics of each material for conditions of braking severity .
renging froq light to very heavy.

Enclosed is a copy of the report with the exception of a discussion of vehicie
correlation for which we would appreciate your suggestions, We are enclosing also
a copy of report ARM 66-7, April 1, 1966,"Instruction Manual for the FAST Machine",
which gives in detail the procedure used in our studies,

Also enclosed is a tentative distribution list for the report.

We would appreciate your suggestions for any changes.

W. K. Skudba
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TITLE: FAST Procedure Friction and Wear Studies of Australisn Ford
Brake Linings

Author: J. L. Rich

Department: Chemical Processes and Devices

' SIMARY

Ford FAST (Friction Assessment and Screening Test) procedures were used
to evaluate friction and wear characteristics of eleven Australian Ford brake
lining materials (five drum brake lining materials end six disc brake pad materials)
under different conditions of temperature, lining unit pressure and input power

density. The effect of water vapor or hunidity on the friction level of each material

was also investigated.

(Mr. Garward - we would appreciate your suggestions for a summary on the comparison
with vehicle experience)
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) INTROTUCTION

Friction and wear studies of five Australian Ford drum brake lining

materials and aix_?isc brake pad materials were undertaken to:

1. assess the usefulness of FAST as a friction material screening tool,

2. enlarge our knowledge of friction materimls to include some of

those manufactured and used outside of the United States,

Two samples of each material were subjected to FAST Light end Heavy
Duty procedures (see Appendix), Three of the disc brake materials were also
subjected to the FAST Extra Heavy Duiy Procedure (see Appendi;). Water vapor
sensitivity tests were performed on 81l samples during the Heavy Duty Procedure
(see appendix).

.All Australian vehicles presently use a nine-~inch rear drum drake with a

disc or drum front breke. The following interpretation of FAST results takes

vehicle use into consideration,

Discussion of Results

A summary of FAST results, and an evaluation of those results according
to vehicle use follows: (Mr. Garward: we would appreciate any comments you may

be able to add concerning correlation with vehicle performance).
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Hardie-Ferodo E113 drum brake friction materisl is the current production

primary and secondary lin}ng for rear brakes when front disc brakes (with Ferodo
DS-31) are used on the Falcon. FAST laboratory results indicate very good wear

life for both light and heavy duty conditions (Table 1) with a fyriction level that is
virtually independent of unit pressure but which rolls off slightly with increase

in temperature above 475°F (Figures land 2), This appears to be the best drum
lining of those tested for use with Ferodo DS 31 on the front disc brake. However,
the near absence of friction rolloff of DS 31 would lead to a variation of braking
effort (toward the front) as braking severity increases,

Hardie-Ferodo E110 drum brake friction material is the current production

primary and secondary lining for the four wheel drum trake Falcon, FAST laboratory
tests indicated good friction (Figures 1 and 2) and wear charecteristics under
1ight duty conditions but high wear (Table 1) and & pronounced friction rolloff
above 310°F on the heavy duty tests (Figure 1). The friction was erratic above
4LS0°F, This material should be satisfactory for light duty conditions but result
in high pedsl efforts, high wear, and perhaps some "pulls" under heavy braking

conditions.

Hardie-Ferodo FOOl drum brake friction material was formerly used for both

primary and secondary linings on heavy duty Police and Taxi vehicles., It is not
currently in use. FAST laboratory tests indicated good wear life (Table 1) under
light and heavy duty conditions, but & pronounced friction rolloff above 200°F (Fig-
ure 3). This would be expected to result in high pedal efforts under heavy duty
c9n§ition§.

Hardie-Ferodo E120 drum brake friction material is a proposed primary lining

for the 1967 Falcon, to be used with E 308 as the secondary lining. FAST laboratory
results indicate a moderate wear rate for light conditions, but a high wear rate for
beavy duty conditions (Table 1). With E 308 this should result in balanced wear

for light duty conditions, but unbalanced (high primary lining) wear under heavy

e - =
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duty conditions. The friction level rolls off slowly with increasing temperature

é%%é? and decreases with increasing unit pressure (Figures 3 and L).
Pl

Hardie-Ferodo E-308 drum brake friction material is a proposed secondary
lining for the 1967 Falcon, to be used with D-120 as the primary.‘ FAST laboratory
results indicate low wear rates for light and heavy braking conditions (Table 1),
The friction of this lining is sensitive to water vapor, dropping about 305 in
the water vapor test.

Furthermore, the friction of this lining drops about 30% between LOOF
and S00°F, presumably from water vapor evolved from a mineral.filler material
(Figure 3). In service this material could be expected to result in "pulls" and/or
poor front-to-rear braking balan?e under heavy duty conditions.

Ferodo DS 31 disc braké friction material is currently used on Falcon disc
brakes. FAST laboratory results indicate low wear rates for light and heavy duty
conditions (Table 1) with a near-constant friction coefficient that rolls off only
slightly at elevated temperatures (Figures.s and 6), It has a moderate (for disc
materials) 27% drop of friction with water vapor. This material should result in
substantially incressed lining and rotor wear (and some rotor scoring) when used
in dusty conditions. This was revealed by the cracking of the cashew friction
particles (Figure 10) with heat.

. Mintex M-33 disc brake friction material is an aiternate maﬁerial for DS 31.
FAST laboratory results indicate a wear rate similar to DS 31 for light duty
conditions, but about 4OF higher wear rate for heavy duty conditions (Table 1).

The friction leve) of M-33 is somewhat lower than DS 31, and also is neerly constent,

‘even to elevated temperatures (Figures 5 and 6),
Don 212 disc brake friction materisl is the productioi material on the Cortin:

FAST laboratory results dindicate that DON 212 has a very flat friction level
(Figures 5 and 6) which is higher than either DS 31 or M-33, btut the weer rate

for light duty conditions is about two-and one-half times that of the above disc
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. materials. The heavy duty wear rate is about equal to that of M-33, or about Lop
;&&gﬁ@ above that of DS-31 (Table 1), The higher wear rate of DON 212 for light duty
conditions should be its‘principal drawback, :

Ferodo DSS5S disc brake friction material is being considered for 1967 Falcon
front disc brakes. FAST laboratory results indicate a low wear rate for light duty
conditions and an exceptionally low wear rate for heavy duty conditions (Teble i).
However, the friction level of this material is subject to substantial variations
(Figures 7, 8, and 9), The effectiveness (friction ) of this material should be
relatively low when cold, increasing with temperature to nearly doudble the initial
level, then falling off at the higher temperatures. This material should exhibit
a rapid drop in friction above 590°F under very heavy braking conditions (Figure 9).
The relatively low fade temperature and large friction level variations should make
this a less desirable disc brake material despite its outstanding wear characteristics.

Mintex M~69 is a protoiype disc brake friction material. FAST laboratory
results indicate & high wear rate under both light and heavy duty conditions., The
friction level drops over one—ihird with wvater vapor and has a "humped" veriation
of friction much like Ferodo DS5S. The performance of this material in a car could
be expected to be marginal at best.

Mintex M-78 is a prototype disc brake friction material, FAST laboratory
results indicete slightly higher wear rates for M-78 than M-69, the same kind of
friction variation, but much less water sensitidty, Like M-69, the performance of

this material in a car could be expected to be marginel, at best,
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(Mr. Garward; we are deferring any conclusiqns until we have the benefit of your

comments)
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Procedure Duration
nin,

Light Duty 60
Heavy Duty 90

Extra Heavy
Duty 60

Ffiction Force

8.7
17.4

26.1

Shear Stress
psi

35
69

104

Final Disc
Bulk Temperature
°F

210°
5600

690°

8002 193¢




P ~
L BN

»
(%3

-7 -

APPENDIX

FAST PROCEDURES

A complete description of the FAST machine, semple and disc preparation
and basic testing procedures may be found in the Instruction Manual for the FAST
machine (ARM 66--7, April 1, 1966). The comparative severity of the three FAST

procedures employed in this study is swmmarized in the following table:

’ Final Disc
Procedure Duration Friction Force/ Bulk Temperature
Shear Stress
Light Duty 60 min * 8.71bs 35 psi 210°F
Heavy Duty 90 min 17.4 1bs 69 psi 560°F
Very Heavy Duty 60 min 26.1 1bs 104 psi 690°F

In al) three procedures the sliding velocity is constant at 23 fps.

WATER VAPOR SENSITIVITY TEST

The effect of water vapor on friction properties is a qualitative indication
of the type of resin binder used in the friction material, For example, a straight
phenolic resin binder material loses friction with application of water vapor while
the friction level of an oil-modified phenolic or & rubber binder material increases,

The friction level of a cashew material is unaffected by water vapor. For the szke

’of standardization, the test is run at the 3509F point of the FAST heavy duty

procedure since at this disc bulk temperature the coefficient of friction of most
lining meterials is fairly constant. A low velocity (2-3 fps from 1/4" die. orifice)
stream of wster vapor is played on the friction.track just atove the sazple for 2
period of one minute. The amount épplied must be sufficient to insure maximum

effect but not large enough for condensation to form on _the loading arm. The
8002 (957




percent change of friction and the direction of that change, if any, are then

i recorded,
g"iﬁ&jl""?}

.,

EVALUATION OF LINING UNIT PRESSURE SENSITIVITY

Evaluation of the sensitivity of the coefficlent of friction to lining
unit pressure is based upon comparison of the friction levels exhibited by a
material during the light and heavy duty procedures for the same temperature

range,

e —m ——
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TEST RESULTS .

v

Drum Brake Lining Materials

Hardie-Ferodo E113. The wear rates of this material for both duty cycles

are among the lowest of the drum brake lining materials tested (Ref. Table 1).

The friction level varies little with temperature (Ref. Fig., 1), rolling off
slightly above L75°F under heavy duty conditions. Comparison of 1ight and heavy
duty test curves for the same temperature renge shows the friction level of E113 to
be essentially independent of unit pressure for the temperature range available
(velow 210°F), The friction level drops about 20% with application of water vapor.
Microscopic examination (7X-30X) reveels large crudes of asbestors, black particles
vhich appear to be an 611 modified pheﬂblic, and small particles of & white crystallin:
mineral. The genersl appearance of the material suggests a dry-mix process. On
the basis of the test procedures employed, E113 is a very good drum brake lining
material,

Hardie-Ferodo E110, Under light duty conditions the E110 materiel exhitits

a good friction level (Figure 2) and a low wear rate (Teble 1). Under heavy duty
conditions, however, its friction level rolls off from B = .51 at 310°F tow = .27
at 475°F (Figure 1). In addition, the variation of friction with temperature becoices
very erratic at 450°F, indicating péssible deéradation of one or more of the lining
constituents, It also possesses & very high wear rate under heavy duty conditions
(Table 1). The friction level of E110 is not sensitive to changes in lining unit
_pressure (Figures 1 and 2) but drops & upon application of water vapor. Mieroscopic
exanmination reveals large asbestos crudes, brown resin particles (probably phenolic)
tshle

and appears to bs a dry-mix procesmateriel, This material should be accepleb:

for light duty epplication,

Hardie-Ferodo ECOl, Although this material demonstrates good wesr

characteristics under both light and heavy duty.c3§§1§{gps{_(?aﬂe 1), its fricticn
8002 1959
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level veries rapidly with temperature. Under heavy duty conditions its friction
level drops from i = .54 at HOOSF to p = ,18 at 525°F (Figure 3). This rapid friction
rolloff would probably re;ult in excessive pedal efforts under severe duty conditions.
The friction level of this materiel exhibits essentially no pressure sensitivity
(Figures 3 and 4) but drops 15% upon application of weter vapor., Microscopic
exanination shows that E0O1 contains what appears to be phenolic resin, large asbestos
crudes, approximately 5% brass, ‘and appears to be a dry-mix process material. The
acceptability of this material would depend on the design of the brake in which it
is used, In particular, the manner in which the actuation factor of the breke varies
with change in lining coefficient of friction would be of critical importence.
ngdie-Ferodo E120. This material possesses acceptable friction

characteristics under both 1ight and heavy duty conditions (Figures 3 and 4), It
exhibits, however, the highest wear rates for both light and heavy duty test
procedures of all the drum materials tested (Table 1). Its friction level is
essentially insensitive to lining unit pressure and reletively insensitive to

water vepor (10% loss of friction upon application of water vapor). The presence of
lerge asbestos crudes, particles of what appears to be phenolic resin, white
erystalline particles and the general appearance of & dry-mix process lining are
rqualed under the microscope. The high wear rate exhibited by E120 under all duty
conditions makes it less desirable fbr vehicle application than all the other drum
brake materials tested.

Disc Brake Pad Materials. The six disc brake pad materials may be divided into two

groups of three on the basis of friction §ehavior with temperature. The first group

exhibits very little variation of friction over a wide temperature range (75°F to
56007 ) (Figure 5) while the second group exhidits & pronounced friction buildup with
tesperature, followed by a merked friction rolloff (Figure 7).

Hardie-Ferodo E308. The wear rate of this material nearly metches that of

E113 under both light and heevy duty conditions (Table 1), Between LOO°F and L2ser,
8002 980
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however, it loses 33% of its friction very rapidly, remeins at this low level through
a 100°F temperature range, and then recovers to its originel level (Figure 3). This
rapid loss of friction may‘cause Sraking imbalance in some instances., Subsequent
water vapor tests and microscopic observations lead to the tentati;e conclusion that
the friction loss may be due to & white crystalline mineral contained in the lining
vhich loses water of hydration in this temperature range, Coupled uﬁth a high water
vapor sensitivity, (28% drop in friction level with water vapor applicetion), this
occurrence can easily account for the friction loss. E308 decreeses in friction with
increese in lining unit pressure (Figures 3 and L), In addition to the white
erystalline mineral, microscopic examination also reveals large asbestos crudes,
brown chunks of what appears to be phenolic resin, and the general eppearance of a
dry mix process material, If the friction loss described above can be corrected,
E308 mey match the performance characteristics of E113. '

Ferodo DS31, The low wear rates for both test procedures make it the best
wearing material of group one (Teble 1). It loses 275 of its friction upan applicatic:.
of water vapor and increases in friction somewhat with en increase in lining unit
pressure (Figures 5 and 6)., Microscopic examination reveals chunks of resin
(probably phenolic) particles, and eppears to be a dry-mix process materiel. This
material was one of three disk materialsubjected to an additional very heavy duty
test (see appendix) at the request of Australian engineering personnel, to acquire
information about their friction behavior under higher energy input conditions.

DS31 produced a moderate controlled friction rol{off during this test (Fig. 9).

) Microscopic examination of the surface of a semple of this materirl which
hed completed the FAST heavy duty procedure showed cracks in the cashew friction
particles on this surface. A photomicrogreph of the used lining surlace is incluield
.es Figure 10, Prelimirary tests run after contarminating the friction surlaces with

road dust show that such dust col_ects in these cracks and i{ncreases the wear rete

of the senple through abrasive.action. )
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The cracking of cashew friction particles is known to be due to thermel
degradation and it was therefore suggested that a friction particle of higher
temperature cepability and smaller size be considered to help alleviate the probleu.

A sample of a commercially available high temperature 60.mesh friction
particle (Cardolite NC111-60) was sent to Ford of Australia for eveluetion in a
production batch of Ferodo DS-31.

Mintex M33. This material wears at a rate similar to DS3) under light duty
conditions, but st & considerably higher rate under heavy duty conditions (Table 1),
It loses 20% of its friction with application of water vapor and increases in friction
wvith an increase in lining unit pressure (Figures 5 and 6). Visual inspection of the
surface under & microscope reveals the presence of graphite, large brass chips, open
fiber asbestos, and the general appearance of a dry-mix process material. The
material appears acceptable for light duty conditions, but less desirable than DS31
for heavy duty application because of high wear, The friction of M33 remains et a
relatively constent level under light, heavy and severe duty conditions (Figs. 5,

6, and 9).

DON 212, This material of group one, wears 2,5 times faster than the other
two materials under light duty conditions (Teble 1). It loses 10% of its friction
upon application of water vapor and decreases slightly in friction with an incresse
in lining unit pressure (Figures 5 and 6), Llarge amounts of coal and & crudy fibre
asbestos were visible under the microscope. It appears to be & dry-mix process
material,

. The second group of three disc brake materials tested, Ferodo DS5S,
Mintex M6G, and Mintex M7E exhibit more variation in friction level with temperature.
Under heavy duty conditions, &ll three of these materizls possess low Iricticn
values &t near-gmbient temperatures, increase to msximux friction vslues &t

approximately 4O0°F, and thereefter gradually decrease in friction wlith an Ircreese

in temperature (Figure 7).
8002 1362
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R Ferodo DS5S possesses far better wear characteristics for toth light end
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heavy duty conditions than either of the other two materials in this group (Teble 1).
It loses 24% of its friction uitﬁ water vapor application and decreases in friction
vith an increase in lining unit pressure (Figures 7 and 8). Under severe duty con-
ditions, the friction level of IS5S increases fromp = .26 at ambient temperatures to
B = ,37 at 500°F then decreases rapidly to p = .22 at 525°F (Figure G), thus
exhibiting an inabjlity to withstand the high energy input. Visuval examination
reveals an open {ibre asbestos and particles of brass, Large.amounts of a coloring
agent (probably carbon black) made visusl observations difficult,

Mintex M69, wears more than twice as fast as DS55 under light duty
conditions and over 3-1/3 times as fast under heavy duty conditions (Table 1). It
loses 363 of its friction with water vapor and decreases in friction with an increese
in lining unit pressure (Figures 7 eand B), Microscopic examination shows the presence
of large brass chips, some coal and large crudes of asbestos, It appears to be a
dry-mix material,

Mintex M-78 exhibits the highest wear rates under both light and heavy
duty conditions of all six disc brake materials tested (Table 1), The hesvy duty
procedure friction curve for this material (Figure 7) shows large veriations of
friction above 500°F, indicative of a rapid deterioration pf this lining naterial
above this temperature, It loses 15% of its friction with water vapor and its frictic:
level appears to be essentially insensitive to changes in lining unit pressure
(Figures 7 and £). It appears to be a dry-mix material, conteining soxe coal,

chunks of resin (probably phenolic), and particles of bress.

8v02 29&3
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TABLE 1)
. Water Vepor
Material Mgérisff;m he 'wzgic“ic ; 3 'decgggg%té§i H"i ctior

Drum Brake Materials Lt, Duty Hvy. Duty

Hardie-Ferodo E113 1.85 2.06 3.70 20.0%
Hardie-Ferodo E110 1.83 2,75 9.55 8.0%
Hardie-Ferodo EOO1 1,98 2,43 4.1 15.6%
Hardie-%erodo E120 2.00 4,23 15.3 10%
Hardie-Ferodo E308 ‘ 2.00 2,00 3.98 28%
Disc Brake Materials

Ferodo DS31 2.8 1.29 3.72 26.8
Mintex M33 2.65 1.26 5.12 19.4%
DON 212 1.99 3.51 k.95 9%
Ferodo DS5S 2.19 1.55 2.55 23.7%
Mintex M69 2.69 3.28 B.96 35.6%

Mintex M78 2,12 3.69 9.36 14 ,6%
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Fig. 16 Somple of Ferodo DS31 ofter heavy duty test,

Note crocks In cashew friction particles. The light
ridge was formed on the sample surfoce when o piece of
bross lodged in one of the crocks.
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