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1 Introduction

Over the years, asbestos has been used as reinforcement material in brake lining production as a result of its good physical and
tribological properties. However, recent studies have shown that asbestos poses a great health hazard which can result from its
handling and breathing (NI}, 1989). As a result, it has lost its favor, resulting in the need 1o explore altemnative materials. Hence,
efforts by researcher have been geared toward finding a possible replacement for asbestos in the production of brake linings. These
were exemplified by the work of several researchers who utilized other materials such as palm kernel shell (PKS), coconut shell,
metal fibers, etc., for inclusion in brake lining in order to overcome environmental pollution (Ikpambese et al,, 2016; Fono-Tama
and Koya 2013). Also, a non-asbestos friction lining material was developed by Ibhadode and Dagwa (2008) using an agro-waste
material - palm kernel shell, as a reinforcement material. Palm kernel shell (PKS) which was used as a reinforcement materal was
selected due (o its favorable properties which superseded other agro-waste. The developed automobile disk brake pads using the
derived friction material and the test results obtained indicated that high wear rate was observed on the PKS pad at high vehicular
speeds of 80 km h™"' and above. Zaharudin et al. (2012) adopted Taguchi method to carry out a study on the effect of manu-
facturing parameters on the properties of (riction materials. The parameters studied were molding pressure, molding temperature,
and the molding time using semi-metallic friction materials and other additives. Physical properties such as hardness and specific
gravity as well as uibological properties (wear and fade) were selected as responses and optimized. Molding pressure was cbserved

1o be the most significant factor that affected the physical and tribological properties.

Similarly, Bashar et al. (2012) carried out a swdy on the selection and production of composite brake pad by varying
der was used in the study including other additives such as cast iron fllings, silica,:
included tensile strength, compressive,

constituent compositions. Coconut shell pow
epoxy resin, a catalysy, and an accelerator. Some of the tests conducted in the study

hardness, impadt, wear, and corrosion. Results obtained were in close agreement with commercial-based friction materials and
fronn the results obtained, it was concluded that the developed composite brake pad had much better mechanical properties than

Scanned with CamScanner



: Author's personal copy

Rubber Scrap as Reinforced Materlal In the Production of Enviranmentally Friendly Brake Lining

‘ 2
the commercial brake pad. Higher content of ST?UHdCd coconut powder showed a lower braking impact, comprehensive
strength, and hardness. Aigbodion ctal. (2010) also in an ¢ffort to find a replacement for asbestos also developed an asbestos-frez
brake pad using a bio-waste material, bagasses. The bagasses used In the study were sieved into mesh sizes of 100, 150, 250,
350, and 710 pm. The sieved bagasse powder was used o praduce brake pad contining of 70% bagasse-30% resin using
compression molding machine. The result showed that samples containing 100 pm (70% bagasse-30% resin) gave favorable -
properties than other brake pad samples which were tested. It was observed that the lower the sieve sizes of bagasse, the
better the properties. The results obtained for the 100 pm sieve size, commercially available asbestos-based brake pad and
optimum formulation labomtory palm kemel-based pad by Ibhadode and Dagwa (2008) are all in agreement. Ruzaidi et al.

R
! ' ’
. ‘ (20!1) swdied the morphology and wear properties of brake pad with the view of replacing asbestos with palm ash and

polychlorinated biphenyl (PCB) waste mixed together with metal filler and thermosetting resin binder, Five different ratios
were examined and the test results showed that the higher the composition of the palm ash, the better wear, and mechanicai

properties.
In this study, rubber scrap (tire peels) was used as reinforced material instead of asbestos with other constituents in the
production of brake lining. Effect of manufacturing parameters on the tribological and physical propenties of the formulated brake

" lining using Taguchi methad will be investigated,

2 Materials and Methods

2.1 Materials
The four materials used for the production of brake lining are reinforced material (rubber scrap - tire peels), [riction modifier

(graphite), binder (phenolic resin), and abrasive (aluminum oxide).

2.2 Method
2.2.1 Material preparation
(a) The rubber sarap (tire peels) used as reinforced material used in this study was sourced from Altimax RT General Automobile

Tire (DOT 650F 3T3). It was cut into pieces and washed thoroughly to get rid of din which may have possibly combined with
the rubber tire powder. The tire pieces was dried in the sun for 1 week and grounded into fine powder using a bench grinding

machine (DT 200A, 550 W). The powder was sieved using a sieve size <100 pm to eliminate any fibers that may be present

(Ikpambese et al., 2016; Aigbodion et ul., 2010).
(b) Graphite used in this study as (riction modifier used was obtained from used 1.5 V dry cell batteries (TIGER HEAD BRAND).
y

The graphite rod was extracied from the used batteries and crushed to smaller sizes using a hammer. It was then pounded.

using a mortar and pestle and sieved using sieves size <100 pm.
(c) The phenolic resin used as binder in this study was phenol formaldehyde. It was prepared in the Biochemistry laboratory of

Federal University of Technology, Minna, using the procedures outlined by Seong lin Kim et al. (2003).
(d) Thealuminum oxide (CAT. NO. 34143; LOT. NO. 44100) used as abrasive for this study was purchased from a chemical store

in Kaduna, Nigeria.

2.2.2 Brake lining formulation _
The formulation of brake lining sample consists of a series of operations induding mixing, cold and hot pressing, cooling, post-

curing, and finishing. In the production of the friction lining, the weights of the rubber powder, phenol-formaldehyde resin,
friction modifier (graphite), and abrasive (aluminum oxide) was based on 176 g weight of commerdial brake pad (lkpambese
etal, 2016). Hence, the following percentage by weight of rubber powder (45), phenolic resin (30), graphite (15), and aluminum
oxide (10) were used for the development of brake lining material. Phenolic resin was poured into a container, followed by the
_ addition of small quantity of sulphuric acid (catalyst) and mixed thoroughly. The required quantity of rubber, aluminum oxide
and graphite powders were poured into a separate container and mixed thoroughly manually. The mixture was poured into the
contajner holding the resin and further stirred thoroughly to obtain homogeneous mixture. The mixtures were then placed in a
mold of size 116 x 116 x 10 mm. The compression and curing of the composite samples was carried at the Polymer Workshop of
Nigeria Institure of Leather Research and Science Technology, Samaru, Zaria. A compression molding machine (model; 73851-07,
CARYER) was used for the compression of each composite sample. The experimental set up was based on design of experiment
{DOL) via Z'a;@chi method and three production parameters namely; molding temperature, pressure, and curing time were
ronsidered for experimentation. Hence, there were three input parameters and for each parameters, three levels were assumed as
shown on Table 1, For a three-factor-three-level experiment, Taguchi had specified Ly (3%) orthogonal array [o_r experimentation s

A Tahle 2
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Manutfacturing paramoters and Lhelr Jovels

Unit Lavel 1 Loval 2 Lavol 3

Table 1

Factor
Metding pressura (MP) MPa 0.6 0.7 0.8

Malding temperatura (MT) °C 130 150 170
Curing tima (CT) Minutos 8.0 10.0 12.0

L

S. M. MP (MPa) MT °C) CT (min)

LN — LN — k-
PO X e X L 2N S

LONMm LW
WWWMRNMNR = -

2.3 Evaluation of Formulated Brake Lining Propertles

)
[}
’ Table2  Experimental doslgn layout using Taguchl orthegonal array Lo (3%)
¥

2.3.1 Impact strength
The impact test was carried out using a Charpy impact testing machine (Norwood instrument, model No.: 412-07-0715269C)

with each test sample produced to the size 80 x 15 x 5.5 mm dimensions, 450 notch of 1.5 mm depth, and 0.20 mm root radius
, machined from different compositon. The impact energy of the testing machine ranges [rom 0 to 25 J with a pendulum striking at
a speed of 2.887 m s~ The testing method involved fixing each test samples on the anvil of the testing machine and then setting
the penduluni at a certain height. The pendulum is then released o impact the specimen at the opposite end of the notch in order
to produce a fractured surface. The absorbed energy which produced the fractured surfaces for all the test samples were recorded.

The impact strength can be calculated using the eqn [1]:

_ Absorbed energy (E) \
Impact strength (S;) = Thickness of specimen (t) 8

2.3.2 Hardness _
The hardness test was conducted using a Shore A hardness tester (Durometer) with each samples prepared to size 60 X 15% 5.5 mm..

According to ASTM D2240 standard, three prepared specimens from the same sample of different composition were sub)ecteld 10
apphed pressure by a calibrated spring to a spherical indenter and an indicating device which measures the depth of indentation.

2.3.3 Tensile strength .
The tensile strength test was performed using Tensometer (MONSANTO; Serial No. 05232). The Tensometer consist of two mct-al
fixtures which damp the test samples. prepared to the size 90 X 16 x 5.5 mm. The test specimens were preparcc! and labeled in
compliance with ASTM D638 dumbbell parameters. Specimens dimenslon was measured using a Vemicrl caliper of afc_uracy
0.01 mm. With the machine reading set at 0.00 N, the test was performed by damping each prepared specimen from different

composition between two metal fixtures. A male punch was then forced into a hole in the fixture thereby causing it to s‘flea; alo.ng
the edge of the hole. The Tensometer was used to push the punch until failure occurs. The tensile strength was determined using

the relationship in eqn [2].

) , Max [OTL‘L‘ (Pm.u) ] l2]
Tensile strength () = Kren of sheated edge (A) .

2.3.4 Corrosion rale . _ - = gt
in the ratio of 3 ml/0.5 ml acid to water. Before immersion it

Concenteated sulphuric acid was nsed and mixed with distilled wates , ] 3
dhe corsion medium, the weight and dimensian of each specimen taken from the different composition was measuted Wng 3
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Vemnier calliper and elecironic scale of accuracy 0.01 and recorded. Bach specimen were cleansed using distilled water and dry cloth
and then immersed into the corrosion medium for 72 h with routine remaoval ol specimens for analysis

the routine remaval, the samples were carefully cleaned and weighed before inserting them back into the
the ﬁ'eight loss was noted (Bashar et al, 2012). The corrosion rate (C,) was calculated using eqn |3]:

after every 24 h, During
corrosion medium and

I < Aw

Corrosion rate (C,) = ——— 3]
pxAXd

where k=constant=87.6 (mm year '), w=1| #1000 mg) ', A=surface area=2{(1 # b) + (1 » 1)+ (bx1)] (mm?), I=length,
bd=width, (=thickness, and p=density.

2.3.5 0Il and water absorption

Aspeamen of 90 x 18 X 5.5 mm dimension was prepared from eaclisamples of (nemulated romposive brake lining rnaterial. Each
sample was dried in an oven w constant weight. The Inliial welght ol each specimien was recorded using a digiwl weighing balance.
The specimens were then inunensed in distled water and hrake (ol (0il), respecuvely, at room temperature for a period of 3
days. After every 24 b, specimens were tahen out and the surface water and oil wiped aff witli s eloth and weighed The new weight
of each sample during the routine removal way recowled. The weighing was done wilthin 40 4 In order w0 avoid any error that may
occur as a result of evaporation. The weight change In oil and water were caleulated by subtracting initia) weight from the new
weight after 72 h of soak. The percentage water or oll absorption by weight after 24 h was determined using eqns [4] and [5):

Aw
Percentage water (% W,) = — % 100 14)
]

Percentage oil (% O,) = %«’ x 100
1

[5}
where Aw=change in weight and w, =initial weight of specimen.

2.3.6 Co-efficient of friction
The coefficients of friction of samples were determined using an

inclined plane (NORWOOD Instrument Lid., model No. 14678)
of angular calibration which can read between 0° and 45°

. The weights used during the test vary from 0.1 10 60 N; while the weight
of the specimen attached to the steel plate was determined using a spring balance. These different weight sizes were attached with

the aid of an adhesive (STICKO, super glue, model No. COCNOO11421). The samples were cleaned of any surface dint using a dry
«cloth and then attached to 2 mild steel plate with the aid of an adhesive. The weight of each test sample artached (o the steel plate
was measured using a spring balance. With the addition of known weights 10 the test sample which was placed on the smooth
surface of the incline plane set at 0°. The incline plane was operated by raising the plane surface from the horizontal position
toward the vertical position through various angles. The process was immediately stopped when the sample began (o slide down
the plane surface and the angle at that particular point recorded. The coelficient of friction was obtained by calculating the tangent
of the angle at which the test sample staned to slide down the smooth surface of the plane (Fono-Tamo and Koya, 201 3). Load of
various weights were placed on each sample and the experiment repeated. The average angles at various loads for the nine samples
were then calculated and the corresponding coefficient of friction obtained. The coefficient of friction was evaluated using eqn |6):

(]

H=1an0
where, p is the coefficient of friction and 8 is the sliding angle in degree,

2,3.7 Wear rate

The wear rate test was conducted using the method reported by other researchers (Bashar et al.,
The dimension of each specimen was measured using caliper of an accuracy of 0.01 cm. The test
sample damped in 2 rigid position along the disk of the grinding machine (model: MASTER

=50 Hz of diameter 250 nm, and speed of 2950 rpm for a periad of 5 5). The
grinding were recorded. The differenc '

20127 Aighodion ¢t al, 2010).
was conducted by placing each
bench grinder, MD-250; 220 V

weights of the samples before and after the -
. e in the weight from each sample was calaulated as the loss in weight. The same procedure
was repeated for a period of 10, 20, 30,

» 40, and 50 s for each sample. The wear rate yas caleulated using the following relation in
eun [7]: : ‘ ‘

i = Weight loss (Aw) — Aw = _, ' -
Wear 1ate (W’,) - Sliding distance (8) T(g = S

whitre weigld loss (&w)=1yeight difference before and afier the grinding {g), sliding distance (5)=2x DNi {(m), N
whadilsy cogive (rpm), =disk diameter (M), 1=time nf svmnctin f oo o 10 Vo !

=spead of
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238 Detarmination of thermal behavior of formulatad brake lining
The thermal behavior of farmulated brake lining was studled wsing thermograviineric analysis. Saraple of brake Iu.my for thls

analysis was prepared with aptimal manufacuring patameters for wear rate. The - analyiis tonk place undee pittogen environment
1t a Nlaw rate of 20 mbmin ! and pressure of 2.5 bars using PerkinLlmer TCA4000 maodel.

3 Experimental Results and Data Analysls

The results for all the prapenties of fannulated brake lining are shown on Table 3 for the nine samples. The significant effect of the
manufacturing parameters on each property ts shown wsing analysis of variaoce (ANOVA) method, while the optimized values of
the manulactusing parameters for the properties of the brake hinlng fonnulated are shovm wsing the main effect plots in Table 4,
{n deterimyning the optimized values for the manufacturing patamcters. signal to noise ratio (S/M ratin) become viable means (o
achieve that The S/N ratio haw three categories of quality charactenistics which includes; larper-the-better, naminal-the-better, and
smaller-the-better. Therefore, the §/N ratlos for cach property (output variable or response) were determined using Minitab 16
saftware. Therefore, the optimum level of the process parameters is the level which has the highest 5/H ratio shown on the main

effea plot The confidence level specified for all the analysly is 95%.

3.1 ANOVA

The ANOVA results obtained for all the variables investigated show how each of the manufacturing parameter affeqt the output
variables. For instant, hardness value show that, molding pressure (77.93%) has the most significant effecl on the hardness value,
while melting remperature (2 99%) has the least significant effect. The influence of manufacturing parameters on impact strength
show that curing time (50.43%) has the most inflluence on the impact strength follow by molding pressuse (39.05%) as shown in
Table 5.

Molding pressure has the most significant effect on the tensile strength of the brake lining material with 75.97% and this is
followed by curing time with 10.41% significant effect. The corrosion rate of the brake lining formulated is influenced by curing

time (71.56%) and melting temperature (19.21%) as shown in Table 6.

Tatle 3 Experimental resulls for brake lining properties
Exp. No. Impact Hardness Tensfle Corroslon rate ol Water Co-efficient Wear rato
strength (ShoreA) strangth (10°° mm year™') absorption absorplion of Iriction (mgm™')
(J mnr") (MPa) (%) (%)
1 0.647 55,0 55.68 7.606 3.701 1.39 0.64 3.60
2 0560 52.7 58.30 9.201 3.912 1.48 063 S.Bé
3 1.033 50.3 60.23 4.095 4.571 1.38 0.61 2.76
4 0.883 51.3 51.68 9214 3.938 2.02 0.58 2.84
S 0.782 57.0 56.82 4.292 3.946 2.68 0.56 2.10
€ 0651 63.0 40.92 6.098 5.645 1.64 0.53 2.52
7 1.152 72.0 36.36 5.841 5696 2.87 0.52 2.71
a 0.961 75.3 38.64 5.325 5.526 1,67 053 1.92
9 0.830 79.3 43.18 6.847 5.765 093 0.51 <224
Table 4  Resuits of the S/N ratio for brake lining propertics
Impact Hardness, Tensilz Corrosion 0if absorption, ~ Water | Ct’)-!efﬂ‘; ficient ,Wf;g ;319,
strengls, 1 (dB) strangih, rate, n (d8) n (d8) absqrphcn. of { JE);an. i
y (dB) n {d8) n (08) n
1 3,78 3481 34.91 8238 -11.37 286 jg? _:m
2 09 34.44 3531 §0.72 -11.83 ~3A1 s 82
3 6.28 34.03 3560 87.76 -13.20 -g.ea g g
4 ~103 3420 3427 80.71 -11.91 -_.: ; - g
p -214 3512 35.09 87.35 -1192 ‘3',0 -5.52 Y
6 531 3599 3224 8430 ~1503 g 5 68 _8.85
7 123 3715 - 3121 §4.67 1511 Al -3 g
. .55 - 37.54 31.74 6536 ~14.85 AR e
: Y 4799 32 71 83.29 1522 083 ;
-l L :

L.
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Tanle § ALIOVA for \mipact elvangtt,
Factor GGF et Ve i e Ve e meescmadie et Aoy
- il :—v-ﬁ.i:'._,_\_ﬂ_,_#_____“__f'.'f' _ I 1alio 1 valun
v . T R TR T}
e z i 00616 0244/ 21014
ot 7 ik 16312 6,517 50,495
f; ; s Guaes ' 4167
1 . "Jm“f!" 6184 10500
Tamis § AMEVGA b covposion rate
sced _E:’:_‘_‘ - £3 M- - / n;h‘-‘: S p-valio
ot ? 134 Y Y T P
s 7 547 2115 42012 199
ol 2 20 1 1% 15674 N
Error 2 | 3602 G4 A 505
Fota 8 28 40 3460 1000
Totde 7 ANOVA tor water ahsorplion
Factor ogoF 55 M5 F-ralin pvalua
w 2 0875 0.4375 5284 74208
A 2 1.0 05455 6553 w0259
cr g 1474 07310 & 9551 41281
Errar 2 0.168 0.0324 45930
o g 3606 0.4507 16000
Tadie 8 AMTVA for coecient of friction
Factor OOF S5 MSs F-ratio p-valve
mP Z 00176 0.00881 620493 40,1105
L 2 0.0015 0.60075 5.2465 7.61_ a15
cr Z 00002 060008 0.5634 061816
Ervor 2 00993 000014 145224
Total 8 0.01%% 0.00245 100 000

The AMOVA result for oil absorption show that molding pressure (63.28%) has the most significant effect on the oil
v malding temperature (23 62%). While curing time (40 88%) has the most significant cffect on the water

crpton. [ollowed b
followed

Zzi‘f-’; .
amarptica propeny of the farmulated brake lining as shown in Table 7.
eried that molding pressure (61 46%) has the greatest effect on the wear rate of the formulated brake hining

by melting ternperature (15.76%). While the result obtained for co-efficient of friction as shown in Table 8, indicate that molding
94 11%) kas the most significant effect on the coefficient of friction, follow by melting, temperature (7.6299).

presvure |
3.2 Signal-te-Noise Ratio
ree categories of quality characteristics

ceder 1o obtain the optimal value of the manufacturing parameters for different varfables, the th
be zpplied correctly. Hence, the larger-the-betier will be applied for the hardness value as expressed in eqn [B):

fm

vk

of 5/N ntio miust be 2
“ ik " ’ - 1 [ L . b | K ‘ ,'._‘\"
S/M ratin =~ Ililny,; X . 18}
it
presse S M

s o sespetses for the given factar level combination, n=rnumber of responses in the factor level combination, 1 is abservat o
iy press
(3]

et ot usng the S ratio of hardness values that the optmal manufaciiing paameters ae mold
700 Hevell and auine ime: 6 min (level 1) as shown w Figure 1.

it taragd $00NT W ol
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Maln Effecis Plot for SN ratios (Hardnesg)
Dala Means

MP _(MPa) MT (0C) ]
] / ) -~ —
2 35 /,_,,-——/ e
E 34
= & T T ¥ - r 4
.‘.:. 0.6 07 0.6 130 160 170
< 38 [ CT (min)
g 37
36 —
——
fi i j
34 v
T
8 10 12
Signal-to-noise: Larger is beller

Figure 1 Main efiect plots for hardnass.

Maln Effects Plot for SN ratios (Tenslle Strength)

Y-
]
I
/
’
I
I
I
I
I
|
|
|

Data Means
[ MP (MPa) 1T (OC)
35
34 L ——
-~ —
w 33
2
g 32
z L T T A} L] L]
& 0.8 0.7 0.8 130 150 170
(=} T i
£ | CT (min)
35
[1}
=
34 S e——
a3 ./
32
12

8 10

Signal-to-noise: Larger is better

Flgure 2 Main effect plots for tensife strength.
MPa (level 3), melting tem-

haracenstice Simils

3 TaAra

And for the impact strength, the optimal manufacturing parameters are molding pressure: 0.8
ng p

persture: 150 °C (level 2, and curing time: 12 min (level 3) using S/N ratio, the larger-the-better quality ¢
iie §/N rato, the larger-the-better quality characieristics was used (o obtain the optimized values of the manufacur
for the tensile strength. Figure 2 shows the optintized values of the manuflacturing parameters at molding pressure |
lewel 1, melung termperatuie: 150 °C (level 2), and curing time: 10 min (level 2). ‘ '
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Maln Effects Plot for SN ratlos (Ol absorption)

Data Means
o ‘ MP (MPa) MT (OC)
=13 1 \ '—‘—\
Ash \
E =15
Z 06 0.7 ' : : z
(7} + 0.8 120 160 170
k-1
S ia CT (min)
g
-13 4 _/.\\
/_ -
-14
=15 4
3 T T
8 10 12

Signal-te-naise: Smaller is better

Figure 3 Main effect plats for S/N ratio for oil absorption.

In the same vein, the optimal values of the manufacturing parameters for corrosion rate are at molding pressure: 0.8 MPa

(level 3), melting temperature: 170 “C (level 3), and curing time: 12 min (level 3) using the smaller-the-better S/N ratio quality
characteristic as depicted in eqn [9]:

7= - 10 log(% é}l y.-‘) (9}

where 7 is the S/N ratio for the Jower-the-better case, y; is the measured quality characteristic for the ith repetition, and n is the
number of repetitions in a trial.

The optimization values for the oil absorption using the smaller-the-better quality characteristics for the $/N ratio quality
characteristics have been determined. The optimal values are: molding pressure: 0.6 MPa (level 1), melting temperature: 130 °C
(level 1), and curing time 10 min (level 2) as shown in Figure 3.

The optimized values obtained for co-efficient of friction are molding pressure: 0.6 MPa (level 1), melting temperature: 130 °C
(level 1), and curing time: 10 min (level 2) using the larger-the-better quality characteristics for the S/N ratio quality characteristic.
While wear rate as depicted in Figure 4 show the oplimized values at molding pressure: 0.8 MPa (level 3), melting temperature:

150 °C (level 2), and curing time: 12 min (level 3) using the smaller-the-better quality characteristics for the S/N ratio quality
characteristic, ’

3.3 Thermal Behavior of Formuiated Brake Lining

The thenmal degradation profile of the formulated brake linning is presented in Figure 5, The sample degmded between 14989

and 478.36 °C, with a peak degradation at temperature 394.8 °C. This suggest that the formulated brake lining may be used for a
syslem whose braking temperature does not exceed 300 °C.

3.4 Conlirmation Test

Kegression equatlong were obtained for all the responses using MINTAB 16 sofiware. The optimized values were used to obtain the
vepenmental values for each of the variable investigated. The same opumized values were used to calculate fos each vasiable.
Tabls 9 show the comparison of the two values. For each of the variable, the appropriate regression equations used are 4 follows:
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'

Maln Effects PJot for SN ratlos (Wear rate) j
Dala Means

MP (MPa) MT (OC)

\
|

-9 /
-10
-1 T T T T T
0.6 0.7 0.8 130 150 170
= CT [min}
Bl
- /

8 10 12

Signal-to-noise: Smaller is better

Figure 4 Main effect plots for wear rate.

I

' Temperature °C
f 0 200 400 600 200
L (] .
[ | -
: ~ 1
' B s -
8
& 2.
@]
: = -2.5 -
@]
%
: 35 - 394.8°C
L ]
’ Figure § Thermal behavior of formulated brake lining.
' Table 9 Validation lest percentage error
' Variable Calculated value Experimental value Percentage error (%)
' o - Impact strength 0.93 095 211
' - Hardness o 77.57 76.85 09
. Tensile slrength 0.82 0.81 ; 1.22
) Corroslon rate 431 - 4.29 Tal 0.46
; . Oil absorption 3.93 3.701 R X X
; Water absorption R F 1.28 - 4,69
‘ Co-officient of friction 0.63 : 064 1566
211 - - 148 SRR

\Wear rata
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Hardness (1) = — 24.5 + 1 1aMP - 0.1 19MT - 117C) [y
Tensile strength (a) = 98.6 — 93, anp 4 OLO05 AT 5 15101 LR
Corrosion rate (C)) =209 - LAOME = 0.0968M1 - 0 4060 {13y
Oll absorption(0,) = - 3.6 + HOONIE 1 0022001 ~ 0.055¢) (R
Water absorption (W) = 127 ¢ 20081 0 0194041 1 0204 1Y
Coellicient of friction () = 1,06 ~ 0 533641 — 0 00075081 - 0 000K 31 {1l
117

Wear tate, W, (mgm ™) =901 - 54700 = 001411 - 003426

where MP is molding pressure, MT Is melting temperature, and C1 by curing time

4 Concluslons

The study presented Taguchi method as a reliable method of detenmining the opumal manulactaring patametens fon the bnproved
properties of formulated brake lining using rubber scrap as reinforced material ANOVA shows that the maliding pressine
(77.93%) has the most significant effect on the hardness value, while melting temperature (2 9499%) b the leastsignificant effec
While the influence of manufacturing parameters on impact strength show that cunng tiene (50 473% ) has the most signiiicant
influence on the impact strength follow by molding pressure (39.05%0), It was obiserved that the muolding pressure: 08 MW
(level 3), melting temperature: 150 °C (level 2), curing time: 12 min (level 3) and molding pressure 0.6 M (level 1), melting
temperature: 130 °C (level 1), curing time: 10 min (level 2) are the optimal manufacturing parameters wespeatively for wear fate
and co-efficient of friction. The sample formulated from the wear rate optimal manufacunng parameter degraded hetween 1494
2nd 478.4 °C, with a peak degradation at temperature at 394.8 °C. The confirmation tests obtained for all propertien inveatigated

shows a close agreement with the calculated results.
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