A. O. A. Ibhadode

akiibhadode@yahoo.com

Department of Production Engineering
University of Benin

P.M.B. 1154, Benin City, Nigeria

I. M. Dagwa

dagwaim@yahoo.com

Department of Mechanical Engineering
University of Abuja

P.M.B. 117 Abuja, Nigeria

A. O. A. Ibhadode and I. M. Dagwa

Development of Ashestos-Free
Friction Lining Material from Palm
Kernel Shell

Friction materials are applicable for braking ancahsmission in various machines and
equipment. Their composition keeps changing to keege with technological
development and environmental/legal requirements.rfore than 80 years asbestos has
been used as a friction material because of itsdgpbysical and chemical properties.
However, due to the health hazard associated withandling, it has lost favour and
several alternative materials are being increasjngised. Thus, in this work, a non —
asbestos friction material was developed using gmo-avaste material base — palm kernel
shell (PKS)- along with other constituents. Amoing agro-waste shells investigated the
PKS exhibited more favourable properties. Tagutimization technique was used to
achieve optimal friction material formulation andanufacturing parameters. The derived
friction material was used to produce automobilskdbrake pads. The laboratory brake
pads were tested for wear and effectiveness orr.a dhen compared with a premium
asbestos-based commercial brake pad they were fouidve performed satisfactorily.
However, more pad wear was observed on the PKSapadh vehicular speeds beyond
80km/hour. The results suggest that palm kernél sbeld be a possible replacement for

asbestos in friction lining materials.
Keywords: friction materials, palm kernel shell, brake paguchi method

Introduction

The development of modern friction materials hakistory
spanning over the past 110 years. Herbert Frootteidited with
inventing the first brake lining material in 189BIgu, 2001). His
invention led to the founding of the Ferodo Compaayirm that
still supplies brake lining materials today. In 19®erbert patented
a block made from layers of textile material impraged with
rubber, if the block was to be used against steelax, if it were to
be used against rubber. As the duty of the brakeseased, the
cotton tended to char, so in 1908, Herbert repldiceith asbestos.
The asbestos was woven into a loose fabric andeigmated with
resins and varnishes of high melting point. By 4,9the use of
Ferodo brake linings was widespread. In 19206iatlon materials
were of the Ferodo type. In 1925, the British Bgjtand Asbestos
(BBA) Limited became known as BBA Group that proedicsuch
famous friction material brand names as Mintex, Ddextar,
Frenosa, Bendix Mintex and SBF (Smales, 1995).thi;n 1930s,
Ferodo turned to thermosetting resins and lateodiiced moulded
instead of woven linings. The moulded linings wenade by
mixing fibre and resin together and also, polymegzthe resin
under pressure and temperature. Fillers such asratiand metal
particles, which modify the wear properties of timing, could be
introduced in these linings, and polymers couldibed which were
impracticable with woven linings (Newcomb and Spaf67).

From the foregoing, asbestos has been used asriadssal in
the manufacture of brake lining materials for clas&00 years. It is
still being used by some manufacturers who do rudses the
necessary technology or will to change to otherenws. Though
asbestos has been referred to as a “God given'tiadta inclusion
in friction linings due to its good physical andechical properties
that remain stable over the temperature range iexmad by
friction materials (Smales,1995), it has been reggbthat asbestos
has serious health risks. Diseases associated iwitimclude
asbestosis, mesothelioma, lung cancer and othererar{Anon,
2004: Norton, 2001).

Efforts have been geared to replace asbestos fibrésction
linings. This is exemplified by the work of Nakagawt al. (1986),
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who used metal fibres for inclusion in brake padsotercome
environmental pollution. They developed semi-matgdad material
using chatter—-machined short metal fibres becausexliibited
excellent properties in view of brake charactessstind resistance to
wear. The brake pad contained about 60% by weifjbteel fibres
with 60um in diameter and 3mm long. Blau (2001)orégd the
additive effects of various non-asbestos mateaalfriction linings.
Asbestos — free organic, semi-metallic and metdilation lining
materials are now increasingly being used (Smdle9g), Arita et
al. (1987), Jang et al. (2004), Kim et al. (2008)athur et al.
(2004)).

Thus, to reduce or completely eliminate the hedkks posed
by asbestos in friction lining manufacture andeéduce the cost of
friction linings, this work presents the developmefan asbestos-
free friction lining material in which an agro-was(palm kernel
shell [PKS]) was used as the base material.

Experiments

Equipment

The major laboratory equipment used was a brakletest rig,
which was manufactured as earlier reported by Dagwal
Ibhadode, (2006) for determining the brake pad wbeake disk
temperature rise, and braking time under differdmmbking
conditions. Others included brake pad mould, hyltrapress,
Brinell/Rockwell hardness tester, Charpy impactings machine,
Soxhlet apparatus, Lee’s Disk apparatus, and dlighatoelectric
tachometer.

Materials

The base material for formulation was selected frime
following agro-wastes: palm kernel shell (PKS); hgpne thebaica
kernel shell (HTKS); and deleb palm kernel shelPW3), after
conducting a series of tests. Other materials urseldded cashew
nut shell liquid, carbon black, iron ore, brasspshiceramics,
sulphur, quartz, and calcium carbonate.
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M ethodology

0 BaseMaterial Selection

The following tests were performed to determine pihgsical
and mechanical properties of PKS, HTKS and DPK$&nable the
selection of appropriate base formulation mater@dimensional
properties, moisture content, apparent porosityeffiment of
friction, rupture strength, water and oil soak gesthermal
conductivity, true density, specific heat capacitjgve analysis,
thermal degradation test and compressibility test.

o Formulation Tests

Taguchi design method (Kim et al., 2003; Dagwa, 208as
used to determine the friction lining formulationptionum
manufacturing parameters of the brake pad. Theelpall contained
ten ingredients. Mechanical property (hardness) tibological
properties (wear and coefficient of friction) weresestigated to
deduce the optimum manufacturing parameters andmompt
friction lining formulation by using the analysisf oariance
(ANOVA) and Taguchsignal-to-noise ratio (S/N)n the test results
(Dagwa, 2005). (Note that the word ‘optimum’ asdusethis paper
refers to a set of parameters obtained within antled stepped
region of tested experimental conditions that giibe best
performance characteristics).

The base raw material, PKS, was collected and ebkan
thoroughly to remove impurities. It was crushed gndund to a
fine powder, and sieved using 125um sieve. Abowdntw trial
formulations were initially made for preliminarysts. After the
trial formulations, a fairly good composition wasieed at, which
was used for determining the manufacturing paramseteoulding
pressure, moulding temperature, curing time and le@tment
time. This friction lining formulation also servex$ a starting point
for the determination of the optimum friction ligifiormulation.

Nine brake pads based on this formulation were mad® nine
different sets of manufacturing parameters deribgdhe Taguchi
method.

Brake Booste
Brake fluid

r Reservoir
| —

Thereafter, twelve sets of brake pads of differ@rhpositions
were made for determining the optimum level sestimgf the
ingredients. Then further tests were conductechemf which led to
the identification of the optimum formulation fdret friction lining.

0 BrakePad Tests

(@) Test rig. The test rig was used to determine the
performance of the brake pads produced with the
optimum manufacturing parameters and optimum
composition. The pads were tested for wear, disk
temperature rise and disk stopping time. A set of
equivalent premium-quality asbestos-based comniercia
brake pads were subjected to similar test for coimpa.
Figure 1 shows the schematic diagram of the brakk p
test rig. It has a 2.2kW motor with a provision fpreed
variation by using a stepped pulley. The motor fles
the energy required to set the flywheel weights #ed
brake disc in angular motion. When a set of b is
fixed into the brake caliper assembly of the tégt the
system is switch-on and the drive shaft beginotate,
it is then allowed to attain a desired speed. Tafeg a
manual force is applied on the brake pedal which is
similar to that of a motor car. Subsequently tiopging
time, temperature of the disc and brake pad matesa
are recorded as reported in details by Dagwa and
Ibhadode (2005). The speed and brake line pressure
ranges were: 6.66 m/s to 13.82 m/s and 0.2 — 0.6 MP
respectively for the test conditions.

(b) Vehicle braking tests. Actual braking tests with the
laboratory and commercial, brake pads were cawigd
at different vehicle speeds of 20, 30, 40, 50,70, 80,

90 and 100km/hour. The tests were carried out on a
Toyota Carina Il (Wagon) car. Pad wear, disk
temperature rise and stopping time were measurtiteat
above speeds. Constant brake pressure was assured b
using a fixed brake pedal travel during the tests.
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Figure 1. Schematic representation of the brake pad test rig (Dagwa and Ibhadode, 2005).

Experimental Design

The Taguchi Method of experimental design was uSéte
method uses a special set of arrays called orttedgamays. These
standard arrays stipulate the way of conductingrirémal number
of experiments, which could give the full infornaati of all the
factors that affect the performance parameter. drtleogonal array
experiments are used as they allow the simultaneatiation of
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several parameters and the investigation of intienra& between
parameters. Statistical analysis, such as analg§isvariance
(ANOVA), is then employed to determine the relasibip between
the processing conditions and the response valregexample,
surface hardness and compressive strength. The adaantage of
the Taguchi method is that the number of experimeahducted in
most of the cases is lesser than that of any etm@erimental design
method using a statistical approach.
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The minimum number of experimentszy that is required to
conduct the Taguchi method is given by (Dagwa, 2005

1)

NV
Npgg =1+ Z(Li -1)
i=1

where NV = number of variable and L = number oElesetting.

The Taguchi method uses a statistical measure rédrpgance
called signal — to — noise (S/N) ratio. This iseafprmance measure
to choose control levels that best cope with ndistkes both the
mean and variability into account. Noise is refdrte as any cause
of variation such as humidity, deterioration of gxpent or any
factor that is too expensive to control. While fef represents the
desired target for good product or process. Thecqutore for
applying the Taguchi method is available in theréiture (Anon,
2003, Kim,et al.,2003, Zhang et al., 2007).

Results and Discussion

A. O. A. Ibhadode and I. M. Dagwa

Physical and M echanical Properties of Kernd Shells

In Table 1, some physical and mechanical propecfi¢gise palm
kernel shells tested were presented (Dagwa, 260§)re 2 shows
the springback effect of the shell particles aiows particle sizes.
The springback is the recovery in length of a calwwhcompressed
shell particles after the removal of the comprag$iad.

From Table 1, it is seen that PKS has lower appgverosity
and moisture content, better heat resistance tidtSHand DPKS.
It also has smaller thickness swell after soakimgvater. Figure 2
shows that its particles of less than 400um did stmbw any
springback effect after the removal of the compveskad. These
results indicate that PKS particles have betteredsional stability.
In addition to these advantages over HTKS and DPRKS is
available in commercial quantity, and is easily qgassed and
ground into fine particles (Ebunilo, 2001).

Table 1. Physical and mechanical properties of palm shells (Dagwa, 2005).

S/No. Property Value
1. Dimensional Properties PKS HTKS DPKS
1.1 Length, L (mm) 28.5676¢ 43.6588  75.726
1.2 | Width, W (mm) 19.7143 20.6903  78.325
1.3 | Thickness, t (mm) 16.3977  38.229 51.943
14 Sphericity (mm) 0.7415 0.9455 0.892
1.5 | Volume (cr) 4.4547 39.179 244.768
1.6 Mass (g) 4.9196 30.254 70.883
17 Density of Nut 1.1248 0.277 0.28¢
2. Apparent porosity (%) 10.98 31.27 43.76
3. Static Coefficient of friction 0.41 0.40 0.46
4. Rupture Strength
4.1 Rupture force along thickness (N) 3270/59 12BB8 3721.71
4.2 Rupture force along width (N) 3884.61 12061|08071.36
4.3 Rupture force along length (N) - 17421{6 49873
5. Water and Oil Soak Tests
5.1 Water absorption in 24hours (%) 19.85 61.54 36G7.
5.2 Thickness swell in water in 24hours (%) 3.54 956. 9.23
5.3 Oil absorption in 24 hours % 6.844% 34.7¢ 60.67
5.4 Thickness swell in oil in 24 hours (%) 2.33 2.5 4.83
5.5 Moisture content,( %) 7.832% 12.14 11.32
6. | TrueDensity, g/cm® 1.2540 1.09 1.19
7. Specific gravity 1.1248 1.09 1.19
8. Specific Heat Capacity( J/kgK) 1099.23 12439 16127

Note: The values are expressed as mean values.
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Figure 2. Spring back effect of selected fruit shell particles.
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It is known that asbestos is carcinogenic (Smaf#g51 Anon
2004; Norton, 2001). However from all availabletéature and from
expert opinion, PKS which has been handled forwréed especially
in Southern Nigeria up till date, no report hasvehdhat PKS is
carcinogenic. PKS has a coefficient of friction4@), which falls
within that expected for friction materials (this@aapplies to HTKS
and DPKS). Hence it appears that it could be aiplesseplacement
for asbestos in friction material formulation.

Optimization of Manufacturing Parameters

To determine the manufacturing conditions for thiekb pad
manufacture, the effects of four factors were sddimoulding
pressure, moulding temperature, curing time and posng heat
treatment. Three levels of each factor were chtsenn the &y (3%
Taguchi orthogonal array as earlier reported (Dagné Ibhadode,
2006). Table 2 shows the factor levels for the wufiacturing
parameters obtained by creating equal interval detw the
manufacturing parameters that are commonly usebrake pad
manufacture.

Table 3 shows the experimental design layout ugiegraguchi
orthogonal array § (3.
variables were assigned to the columns of the gdhal arrays.
The actual experiments were carried out as shownthia
randomization column of Table 3.

Table 4 shows the results of the experiments caeduoward
identifying the optimum level setting for the maacturing
parameters within the experimental region. Ninecgpens of the
brake pad were made. Their surface hardnessjdeaffof friction
and wear were measured. Their corresponding signal— noise
(S/N) ratios is shown in Table 4 (Dagwa, 2005). Thetative
importance of the factors was evaluated in termheif percentage
contributions using analysis of variance (not shdveme). From
Table 4, using the analysis of variance and theaayesl values of
the signal-to-noise ratios for the manufacturingrapeeters at
different levels [low(-), medium(0), and high(+)prf each of the
performance response (surface hardness, wear afticiemt of
friction) the optimum settings for the parameteesevdetermined as
presented in Table 5. Hence, this is the synecgisffiect of S/N
ratios for the properties measured that were obthioy using the
quality characteristic that is, the large-the-betléhe experimental
condition having the maximum S/N ratio is consideras the
optimal condition as the variability characteristiés inversely
proportional to the S/N ratio, that is, reducedasae is achieved at
optimal setting (Zhang, 2007). Hence, the optimawvel settings
were selected as asterisked in Table 5. Therethee,optimum

After the selection of the arrays, themanufacturing parameters for this formulation aye=P16.74MPa,

Tm =160 C, G = 8 minutes and H= 2 hours.

Table 2. Factor levels for the manufacturing parameters.

Factor LowLevel | Medium Level | High Level
Moulding pressure ), MPa 16.74 22.32 27.90
Moulding temperature @), °C 150 160 170
Curing time (G, minute 8 10
Heat treatment time (4 hour 2 3

Source: Adapted from Dagwa and Ibhadode, (2006 )

Table 3. Experimental design layout using taguchi orthogonal array Lo(3%.

Experiment Moulding Moulding Curing . R
Number PressureP, | temperature T, | TimeC, Heat Treatment time, H; | Randomization
1 1 1 1 1 3
2 1 2 2 2 9
3 1 3 3 3 1
4 2 1 2 3 8
5 2 2 3 1 2
6 2 3 1 2 6
7 3 1 3 2 4
8 3 2 1 3 7
9 3 3 2 1 5

Source: Adapted from Dagwa and Ibhadode, (2006)

Table 4. Experimental results and S/N ratios for surface hardness, coefficient of friction and wear (Dagwa, 2005).

Experiment | Surfacehardness | S/Nratio,db (the | Coefficientof | S/Nratiodb (the | Wear/application | S/N ratio for wear, db
Number (Rockwell ScaleB) | larger-the-better) friction, N larger the better) ., g (thelar ger-the-better)
1 84 38.49 0.44 -7.13 0.023 32.77
2 64 36.12 0.38 -8.4 0.170 15.39
3 81 38.17 0.39 -8.18 0.037 28.64
4 79 37.95 0.41 -71.74 0.027 31.37
5 80 38.06 0.35 -9.12 0.043 27.33
6 89 38.99 0.42 -7.54 0.023 32.77
7 81 38.17 0.35 -9.12 0.037 28.64
8 82 38.28 0.41 -71.74 0.023 32.77
9 79 37.95 0.43 -7.54 0.017 35.39
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Table 5. Signal-to-noise (S/N) response table combined effect of the hardness, coefficient of friction and wear).

Level | Pm Tm Ci H;

- 4.087*| -3.31| -1.65| -1.74
0 -0.29 3.93*| 2.07% 3.81%
+ -2.27 -1.65( 1.121 -0.69

Table 6. Ingredients for the Formulation of brake pad.

S/No. Material High Level | LowLeve
1. Qucer a a—3
2. CaCgqg B b-6
3. Cascamite c c-4
4. Friction modifier d d-3
5. Carbon black e e-3
6. Resin improver F f—4
7. Iron ore G g-—>5
8. Modified CNSL H h-2
9. PKS [ i—-5
10. Copper fibre J j—1

Table 7. Taguchi orthogonal array selector L12(210) (Dagwa, 2005).

Exp. Resin Copper | Friction | Carbon | Iron . Modified | Randomi
N(?. impr over €aC0s | PKS filfrpzas modifier black ore Queer | Cascamite CNSL -sation
1. 1 1 1 1 1 1 1 1 1 1 3
2. 1 1 1 1 1 2 2 2 2 2 9
3. 1 1 2 2 2 1 1 1 2 2 1
4. 1 2 1 2 2 1 2 2 1 1 8
5. 1 2 2 1 2 2 1 2 1 2 11
6. 1 2 2 1 2 2 1 2 1 2 2
7. 1 2 2 2 1 2 2 1 2 1 6
8. 2 1 2 1 2 2 2 1 1 1 10
9. 2 1 1 2 2 2 1 2 2 1 4
10. 2 2 2 1 1 1 1 2 2 1 7
11. 2 2 1 2 1 2 1 1 1 2 5
12. 2 2 1 1 2 1 2 1 2 2 12
Table 8. Averaged Signal-to-Noise ratio used for optimum formulation.
Resin Copper | Friction | Carbon Iron . M odified
Factors improver CaCos PKS Figfm Modifier black Ore Qucer | Casca-mite CNSL
Level 1 | *41.317 *42.562] 38.908 38.944 39.644 *44.34*41.934 | 40.166 39.890 *42.278
Level 2 | 38.74 38.576 *41.568 *42.094 *40.660 37.48937.86 *40.307| *40.583 38.194

* Indicates the optimum level setting

Optimization of Brake Pad Formulation

Table 6 shows the ingredients and their leveldterbrake pad
formulation after conducting several trial formidats. The codes
a” to “|” are quantities of ingredients at highvid settings. The
other level setting was low—level as indicatechia table. Using the
same procedure as in Table 3, the level settirgfeks to low level,
while 2 refers to high level. Hence, Table 7 shdvesbreakdown of

the composition for the friction materials used.

Test of Optimum Formulation Pad

o Effect f Inertia on Brake Pad Performance

The test rig was used to perform static tests @irestant speed
of 676rpm of the drive shaft and a brake line presof 0.3MPa.
To generate the different inertia for the tests, flgjwheel weights
of the test rig were varied from 10kg to 50kg iepst of 10kg. Four
braking applications were performed to obtain eas#t of

Brake pad specimens were formulated according te thmeasurements for pad wear, stopping time and disipérature

experimental design layout in Table 7.  Tribologicests
(determination of coefficient of friction and weaate) on each
specimen were carried out. The optimum level rsgdtifor the
ingredients were determined by using the procedarstated in the
immediate section above shown in Table 8 (Dagwab20Actual
values (in percent volume not presented here) gfretfients
indicated by S/N ratios in Table 8 were used fog tptimum
formulation of the brake pad. Its performance waspared with
that of the premium asbestos-based commercial lofibchke pads.

170 / Vol. XXX, No. 2, April-June 2008

rise.

Figure 3 compares the effects of inertia on brakd pear,
brake disk temperature rise and stopping timeHerlaboratory and
commercial brake pads.

The average material loss per application of tiherdatory pad
(4.4mg) compare well with that of the commerciad p@.1mg).
Blau (2001) reports a value of 3mg for commerciake pads. The
deviations of the laboratory and the commerciakgadted from the
quoted value are 46.7% and 36.7% respectively.

The average brake disk temperature rise for theré&bry and
commercial pads tested areZ8each. The average stopping times

ABCM
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are 1.0s and 1.06s for the laboratory and the caoniatepads
respectively.

The above values suggest that the laboratory paklemay be
able to perform as well as the commercial brake pad

It should be noted in passing that pad wear, diskperature
rise and stopping time increase as the inertizzas®s. The heavier

a vehicle is, the more energy would be requiresldw or bring it to
rest, and the more braking force acting on the peus would give
rise to greater pad wear, higher disk temperatige and higher
stopping time.

LABORATORY COMMERCIAL
BRAKE PAD BRAKE PAD
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| _l16
= 6
o) | ]
=
S) 51— — 1.4
3
is I -
<&
30 4 _ — 1.2
22 2
5w [ 1. e
5 % 3 [ —11.0 ;
Sk o
= — — )
x b 2
<= 2 — — 08 o
W o o
=k - ] o
x l_
Q% n
x5 1f —{ 06
0 | | | | | 04

20 30

40

INERTIA (WEIGHT ON ROTATING DISK, kg)

Figure 3. Comparison of laboratory and commercial brake pads under static testing.

o Effect of Vehicle Speed on Brake Pad Performance

Figure 4 presents dynamic road tests which comjpereeffects of
vehicle speed on brake pad wear, brake disk temperasise and
vehicle stopping time after applying the brakes.

The figure shows that the laboratory pad had grems¢éar than
the commercial pad at relatively high speeds eafigcat speeds
higher than 80 km/hour. This may be due to thetleat PKS as a
cellulosic material has more volatile elements Wwhiolatilizes at
higher temperature than the asbestos based conamerake pad.
(The flame resistance test carried out showedttteakaboratory pad
had 45.7% volatile materially while the commeraiale had 8.8%
only).

The comparisons for disk temperature rise and sgppme
shows that the laboratory brake pad has aboutaine performance
as the commercial pad. The average disk temperatse and
average stopping time for the laboratory pad ar&°Cland 4.1s

J. of the Braz. Soc. of Mech. Sci. & Eng.
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respectively, while the corresponding values ard°C3and 4.2s for
the commercial pad.

o Physical and Mechanical Properties of the Optimum
Formulation Brake Pad

Table 9 shows the physical and mechanical propedfethe
optimum formulation brake pad (Dagwa and Ibhad@&f#)7) and
commercial asbestos-based brake pad used as comtrese values
are compared with those quoted in the literatus®.al The table
shows that the compressive strength, hardness,ctngieength,
specific gravity, wear, coefficient of friction antickness swell in
oil compare well for both the laboratory and comeiarbrake pads.
Also, the laboratory brake pad compare well witlotgd values for
the compressive strength, shear strength, wearpsjpr and
coefficient of friction. Poor comparison with othguoted values
may arise from test conditions not being the same.

April-June 2008, Vol. XXX, No. 2/ 171
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Table 9. Physical and Mechanical Properties of Optimum Formulation and Commercial Brake Pad.

Property Optimum Commercial Quoted values Deviation of Deviation of
Formulation brake pad from Lab. commercial pad
Laboratory brake (asbestos based) literature Pad from mean from mean of
pad (PK 'S based) of quoted values quoted values
(%) (%)
Compressive strength (MPa) 103 110 702125 5.6 12.8
Hardness, Brinell (at 3000kgf) 92 101 - - -
Modulus of rupture (MPa) 11.36 - 3448 72 -
Tensile Strength (MPa) 6.8 - 2027 71.1 -
Shear Strength (MPa) 2.45 5.46 5.3 40.6 3.0
Impact Strength (J/mf) 0.077 0.11 0.0115-0.01%4 472.49 717.8
Specific gravity 1.65 1.89 21-24 26.7 16.0
Thermal Conductivity (W/mK) 1.46 0.539 0.47-0.804 129.2 15.4
Specific Heat Capacity (J/kgK) 1907 1344 - i -
Average wear (mg/application) 4.4 4.1 3.0 43.3 36.7
Porosity (%) 22.45 - 13-23 24.7 -
Coefficient of Friction 0.43 0.40 03-06.6 4.4 111
Thickness swell in water after 24hrs (%) 5.03 0.9 - - -
Thickness swell in oil (SAE 40) after 24hourg 0.44 0.3 - - -
(%)
Flame resistance test after 10 minutes Charred46ith Charred with 9% - - -
ash ash

4Norton, 2001);°(Dow, 1985); {(Singh, 2007);%Chand et al, 2004)¥Newcomb and Spur, 1967XBlau, 2001y(Kim et al, 2003)

On the whole, the results suggest that the labor&kS — based possible substitute for asbestos in friction linmgterials. Further
refinement of the formulation to reduce wear athhigehicular

brake pad possesses mechanical and physical pespsitilar to
Thus PKS may be camtsider a speeds and extensive field test on vehicles ammeended.

asbestos-based brake pad.
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Figure. 4. Comparison of laboratory and commercial brake pads under dynamic testing.
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Conclusion

A friction lining material based on PKS as a subsi for
asbestos has been developed. The mechanical aysicah
properties compare well with commercial asbestasthafriction
lining material.  Its performance under static adgnamic
conditions compare well with the asbestos-baseadimmaterial.
However, further refinement of the PKS lining fodation is
recommended in order to have a comparable wearatatégher
vehicular speeds.
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