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ABSTRACT

In the present work the effect of SC particle reinforcement and further its heat treatment on Al
alloy (ADC12) is studied in the application of automobile brake discs. ADC 12 is synthesized by
stir casting process and its composite with silicon carbide (SC) in weight percentage of 10% as
the hard particle and its heat treated variety. The candidate materials have been compared with
tests on a rig developed for testing of brake discs under variety of operating conditions. The
brake disc test set-up is a facility developed for simulating on road brake disc operating
conditions. The brake disc test procedure for performance evaluation has been developed and
formulated based on the Bureau of Indian standards (1S-14664:1999) for the acceptability of
results. For evaluation the performance has been compared with the conventional steel brake
disc with an emphasis on brake torgue. In general it is observed that the average brake torque
for ADC12 alloy at all velocities and brake force is lower than steel. The brake torque of the
composites is higher than steel, the addition of SC particles increased material hardness and its
brake torque. Heat treatment of the composite material further increased the brake torque.

Key words: Aluminum silicon alloy, composite, brake forceake torque.

INTRODUCTION

The need of reducing weight in automobiles hastdebloth considerable changes in design and
search for lightweight materials. Particulate remnéd aluminum metal matrix composites
(AMCs) are promising candidate for automobile apgtions since they offer high specific
stiffness and strength, good wear resistance agwintdl properties.[1]. The advantages of the
composites can be categorized as those relatedaterials and those concerned with the
application parameters/conditions/modes, methogodogl application conditions. They include
applied load, sliding distance, speed, environm&asar mode, test configuration etc. AMCs find
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potential applications in automobile. The firsteggiry of the factors include microstructural
features e.g. shape, size, content and morpholbtheanicroconstituents. The second category
of parameters pertain to the testing components pkston, cylinder liner, brake drums
,crankshafts, etc.[2].A series of brake stops ahréety of operating condition were performed
and the observed values of coefficient of frictiwere averaged to provide a single value which
is referred for analysis.[3]. The automotive brakifor both large or small machines is the most
complex and sensitive area of study. Brake perfaomas influenced by brake disc material-
brake pad pair, rubbing speed, applied force. iBried behavior of the material pairs is very
complex due to additional factors like, temperatymeéor usage history [4] and the asperities,
wear debris, surface contact percentage of druer-lirubbing surface.[5]. The friction
coefficient stability under different operating chitions have been targeted and the performance
with Al-SiC composite brakes have been reporteterms of stability of friction coefficient,
surface temperature and wear resistance [6].Tleetesf normal load and system stiffness on the
interaction between friction, wear and vibrationngstwo dissimilar surfaces, steel rubbing on
cast iron have been studied from materials poinief/[5].

MATERIALSAND METHODS

Composite Preparation

In the present investigation , three identical $irgke discs were manufactured of; Al-Si alloy,
Al-Si composite with 10% SiC as particulates aebAAlloy 10% SiC composite (heat treated)
as per the size of conventional steel brake didBagdj Pulsar motorcycle. Aluminum-Silicon
(ADC-12) alloy was used as the matrix alloy. Thesraical composition of the alloy in
percentages was: 10.29 Si, 1.98 Cu,0.8 Ni,0.75#&dg, 0.12 Mn and rest Al.. The ADC 12-
10 wt % SiC composite was prepared by dispersing particles (10 wt%) which were sieved
using standard sieving practice with an aim to pgeticle in the size range of 40-8@n. The
alloy and the composite melt were then solidifiectast iron disc moulds. The heat treatment of
the composites was done by solutionising at’@%r 6hr and quenched in water. The samples
were tempered at 195 for 6 h followed by air cooling.

Test Set-up

The Bajaj Pulsar motorcycle had been selected as a sample veloiclanflysis of brake discs
with alternative material. The performance of #imve mentioned three materials have been
evaluated with the steel disc against the commidocéke pads. These four pairs are tested on a
test setup Power source used is A.C. motor fikerfoskar of 3.6 KW at 1440 rpm was selected
with a variable speed drive for AC motor from L&drfspeed variation close in range of the test
vehicle. Electromagnetic clutch is fitted for tramssion from the motor shaft to the flywheel.
The clutch of magnetic capacity was matched withrtiotoring maximum torque and flywheel
inertia capacity. The flywheel is designed so aslitain a specified amount of speed regulation
close in range of the test vehicle.

The primary sensing elements for picking up evéai® the machines were identified based on
uncertainty analysis, and the requirements of @i deeded for analysis of the performance.
Then a logical sequencing of signal transfer wasgthed.
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Fig.1 shows the schematic diagram of brake didcsttsup. Fig.2 shows the schematic loading
diagram. Fig.3 shows that brake force is appliethéobrake caliper through the master cylinder
to which pressure is applied by the means of hewer of the motorcycle. This lever is pulled
by wire which is connected to a loading pan on Wwhieights are kept. Initially the pan is lifted
and at predetermined time is allowed to fall witkights. Fig. 4 shows a complete picture of the
set up along with computer interface with the maehon the left and a control panel on the
right. The test setup, as detailed in figure 1 coses of main frame fabricated out of heavy
mild steel channel and base platenade of cast iron. Base plate is bolted on the reélapase
and the test facility is fitted with bolts on thade plate.

Fig.1: BrakeDisc Test Setup (schematic diagram)
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Fig. 4. Brakedisctest set up (photo)

For selecting a suitable material for brake digcgimulation of brake disc operations is the best
way to predict material suitability on the road.eTtest set-up has been designed for evaluating
brake disc performance simulated operating conditioSet up has been interfaced with
computer with data acquisition facility to storegaléor subsequent systematic detailed analysis.

Experimental Parameters

The following performance tests were conducted:

Performance test sequence: Preburnish Test, Bufesih& Final Testing

Evaluation of the performance was based on theviatig test parameters: Effect of brake force,
velocity on coefficient of Friction.

The performance test was done with

* Test velocities : 40, 60, 80,100 km/hr.

* Actuating Brake Forces 246 N, 492 N, 738 N, 98U230N

* Brake disc test material: The following materiaisluding Al. Alloy and SiC composites have

been used to cast the sample brake drums for geskimy have been referred to as follows
during the course of discussion:

S.No. Test Samples Referred as

1)  Steel (Pulsar Brake Disc ) Steel

2)  Aluminium silicon alloy ADC 12

3) ADC 12-10 wt% SiC composite ADC 12-10 SiC

4)  ADC12-10 wt% SiC Composite — Heat Treated  ADC 12-10 SiC (HT)

RESULTSAND DISCUSSION

The results have been plotted in the form of graptgating the results of various parameters
and their interdependence. The results are giveeruollowing heads-
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Effect of brakeforce on braketorque

Figs.5 to 8 show the variation of brake torque vtk applied brake force for the candidate
materials for different test velocities which ar@,8D,80 and 100 km/hr. It is visible from the
graph that the brake torque for applied brake f@me velocities is lowest for ADC-12 (lower
than steel) and highest for ADC 12-10SiC HT. Thakbrtorque values vary in a narrow scatter
band. The average value for ADC 12 varies fromt8.82.6 Nm, ADC 12-10 SiC from 18.4 to
24.6 Nm and ADC 12 -10 SiC HT from 23.4 to 35 Nnggiast brake pad material) if the
velocity is increased from 40 km/hr to 100 km/hheTbrake torque for the conventional steel
against brake pads varies from 15.6 to 22 Nm ferstome variation of velocity.

Brake torque being the product of rotor radius fintional force will show the same behaviour
as frictional force. It is seen that for a partasubelocity increase in applied force causes irsgea
in the values of frictional force and this is inregment with the work reported in the literature.
The average brake torque reported for ADC 12 Adyatlisc brake at all brake force values is
lower than steel. Adding SiC particles to form AMZ increases the material hardness which
increases the brake torque [7]. There is improvenmenwear resistance of 10% Al alloy
composite than Al alloy because of SiC addition [B]all observations of wear behavior of Al
MMCs sliding against automobile friction materifdctional force of the Al matrix composite
has been found to be greater than the steel amijlaer loads the frictional force is higher
because of more contact area at the frictionaén@dtsurface [9].

—&— Steel —8— ADC-12
—&— Steel —#— ADC-12
—2&— ADC12-10SiC —>— ADC12-10SiC(HT)
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Fig. 5:Effect of brakeforceon brake Fig. 6: Effect of brake force on brake
torque at 40 km/hr torque at 60 km/hr
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Fig. 7:Effect of brakeforceon brake Fig.8:Effect of brakeforce on brake
torqueat 80 km/hr torque at 100 km/hr

Effect of velocity on braketorque

Figs.9 tol13 show the variation of brake torque witiocity for the candidate materials for
different brake forces ie 246 N, 492 N, 738 N, 984 1230N. It is seen from the graphs that
the brake torque values for tested velocities aa#iebforces are lowest for ADC-12, lower than
steel and highest for ADC 12-10SiC HT. The avenagae for ADC 12 varies from 12.5 Nm to
19.4 Nm, ADC 12-10 SiC from 17.5 Nm to 23 Nm and@D2 -10 SiC HT from 19.5 Nm to
26.7 Nm if the brake force is increased from 246d\N1230 N. The brake torque for the
conventional steel material against brake padsesafiom 16 Nm to 21.5 Nm for the same
variation of force. The brake torque increaseshasspeed is increased from 40 km/hr to 100
km/hr for a particular applied force.

It has been reported in literature in studying wear behavior of Al MMC composites sliding
against automobile friction material for all loathe frictional force (which will have show same
variation as brake torque) is found to increasd wltding speed [9] ,because at low velocity
there is less formation of transfer film at theeiflhce and the frictional force is 20% more in
MMC than cast iron. At higher velocities the formatof transfer film is fast [6]. It is observed
[10] that higher sliding velocity leads to higheicfion coefficient for MMCs. Formation of a
compact transfer layer has been identified in tiagrimnregion of the worn surface of the MMCs.
The transfer layer mostly consists of constitueftshe phenolic pad material which acted as
counterbody. The amount of the constituents ofcithnterbody in the transfer layer is seen to
increase as sliding velocity increases. It is sagggkthat the transfer layer on MMC acts as a
protective cover and helps reduce wear rate angkasmg the friction coefficient and thus
frictional force. The brake torque reported for ADE Al alloy drum brake at all velocities is
lower than cast iron. [7]
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CONCLUSION

By observing the graphs following conclusions cardawn-

v The apparatus simulates the actual operating ttondof the brakes and provides an
opportunity to the designer to evaluate the opegaperformance of the disc brakes in
similar operating condition at the design stageeramcurately before the brakes are put in
actual operation.

v' The average brake torque for ADC 12-10 SiC is 14@dter than steel where as ADC 12-
10 SiC (HT) gives 54 % higher value than steeltfier tested brake force and the coefficient
of friction of ADC 12 is inferior by 40.5% on anerage to the steel For the tested velocities
the average brake torque for ADC 12-10 SiC is 1&%teb than steel where as ADC 12-10
SIiC (HT) coefficient of friction gives 24% higheale than steel for the tested velocities,
while the coefficient of friction of ADC 12 is infor by 13% on an average to the steel

v' By observing the graphs it is visible that the perfance of ADC 12-10 SiC and ADC 12-
10 SiC (HT) brake discs is better than the stedl that of ADC 12 is inferior to the steel
with respect to brake torque; comparison of theeerpental test data agrees with such tests
reported earlier in literature thus supporting¢beectness of the system

v' The facility helps in comparative analysis of th#edent brakes material in the simulated
condition which helps in selection of right matériar a wide range of input parameter
values.
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