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Abstract- Brake pad & disc are most important component of an automobile braking system. For smooth retardation of vehicle it
converts kinetic energy into heat energy. Due to hard or repetitive braking in steep gradient COF & wear rate, effectiveness
between brake pad and disc is decreases.

In this work effect of AITiN coating disc surface on tribological behavior of braking system are investigated by using pin on disc
machine under dry condition. The AITiN coating on disc done by PVD technology. Semi metallic & grey cast iron material
considered for pin & disc. The input parameters considered for this test are load, pressure & sliding speed. This work also
presents numerical analysis in FEM for analyzing COF and wear rate. Numerical & experimental results were compared in
terms of wear rate & friction coefficient.

Keywords- Retardation, COF, AITiN, PVD and Pin on Disc.

I. INTRODUCTION

Brake is most important safety system in automobile vehicle. Brake are required to stop vehicle within smallest possible distance
and this is done by converting the kinetic energy into heat energy, which is dissipated into the atmosphere[1]. The maximum
retarding force applied by brake at wheels depends upon coefficient of friction between road &tyre surfaces & component weight of
vehicle on wheel. The effectiveness of the disc brake system depends on disc [rotor] with brake pad at their sliding interfaces. The
friction force between brake pad & disc produces braking torque on the rotor, which is connected to wheel

& subsequent friction between tyre and road makes slow down car. During this process both pad & rotor worn & some of wear will
become particle emission. The Proper selection of material for pad & disc at required quantities of constituents depends on
experience or trial and error method. Rotors are made from variety of materials including cast iron, composite or aluminum
composite. Most rotors made up of grey cast iron because high carbon content to make it hard. Pad material composed of a few
elements which are used to improve friction property at low & high temperature, increase strength & rigidity, prolong life, reduce
porosity and reduce noise. The elements of friction material are classified as additives, fillers, binders and reinforcement fibers. A
commercial brake lining usually contains more than 10 different constituents. [10]
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Fig.1 Disc Brake System [6]
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During prolonged period of heavy braking, brake rotors and drums can absorb heat faster than it can be transferred to surrounding
air. In hard braking stop temperature can increase about 50c/sec .Yet, dissipating that seconds worth of temperature increase might
take 20 sec [1]. The maximum temperature can be caused by hauling heavy load, stopping from high speeds, braking in traffic and
continuous downhill braking on mountain road. Due to brake related problems lining are appears more vulnerable to various braking
parameter such as temperature, pressure, sliding speed & environmental condition. The coefficient of friction of brake drops with
excessive temperature. This is called as brake fading. The brake fade are described into lining fade, mechanical fade and gas fade.
Also due to the shape and physical properties of the brake rotor can affect brake-induced problems such as judder (vibration due to
rotor warping or uneven disk thickness), fade (loss of brake effectiveness due to frictional heat) and noise [10]. This is because the
physical properties of the gray iron rotor such as thermal conductivity, damping capacity, thermal expansion coefficient and specific
heat change according to the phases in the gray iron. As the temperature increases beyond certain point its COF drops off requiring
more pedal effort to stop vehicle. Below chart shows the COF of brake pad rise slightly as temperature rises with further
temperature raises COF drops rapidly. As fade worse with addition of more heat stopping ability of radius and may disappear
altogether. Change of rotor composition strongly affected both the mechanical properties of the rotor and the wear rate of brake
linings and rotors, suggesting that the rotor was chemically active with the brake linings during braking.
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Fig. 2 Coefficient of Friction Drops as Brake Fade [1]

The mechanical brake fade occurs only in brake drum. When drum expands as temperature rises. This causes the pedal to move
closer to the floor before brake apply. During extreme overheating of brake system the pads organic binding can release thin layer
of hot gases. This causes the pad to hydroplane, reducing contact between pad and disc.

Il.  LITERATURE REVIEW
Literature regarding disc brake during the last some years was screened for systematic review. A first screening, by close reading of
abstracts was independently performed by authors. A consensus of which references identified were suitable for the reviews was
reached by authors. For those cites, the complete articles were accessed for eligibility. The data extracted from eligible articles were:
Study design, input parameter, method/machine, outcome measures.
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1. SUMMARY

From literature survey it is seen that friction material are selected from survey are based on their properties & effect on COF &
Wear rate. The COF and Wear rate of brake pad & disc depends on the load, pressure & sliding speed. In disc brake wear can
contribute 50% of non-exhaust emissions from road transport & traffic. For controlling COF & Wear rate of brake pad & disc
different composite material with variable percentage used for brake. Also alluminium & alluminium based composite can affect on
COF & wear rate of disc because having good malleability, formability, corrosion resistance and thermal conductivity. Maximum
60% wear of disc material when brake is applied. For controlling wear of a disc coating is provided on it. Due to coating on disc
effect of humidity & corrosion also reduced. In future work, we can be conducted test by considering effect of wet condition on the
friction and wear. Also, considering different coating material on disc can affect wear and COF characteristics.

(1]
[2]
(3]
[4]
[5]
[6]
[’
(8]
[9]
[10]

[11]

[12]
[13]

14)

15)

16)
17)
18)
19)
20)

21)
22)

23)
24)
25)

26)

REFERENCES
William H Crouse, Donald | Anglin, Automotive Mechanics, 10" ed., McGraw Hill, India, 2007, PP.718-721.
Fred Puhn, Brake Handbook, 2" ed., HP Book, PP. 23-33.
Tim Gilles, Automotive chassis [brakes, steering& suspension], 5th ed., Delmar learning, 2005, PP.60-71.
Matteo Federic, Giovanni Straffelini and Stefano Gialanella, Pin-on-disc testing of low-metallic friction material sliding against HVOF coated cast iron:
modelling of the contact temperature evolution, 2017, springer, PP-1-12.
Shangwu Fan, Chuan Yang, Liuyang He and Juanli Deng, the Effects of Phosphate Coating on Friction Performance of C/C and C/Sic Brake Materials,
Tribology International, 2017, 114, PP.337-348.
Ali Belhocine ,Wan Zaidi Wan Omar , A numerical parametric study of mechanical behaviour of dry contact slipping on the disc—pads interface,2016,AEJ
journal,55,pp.1127-1141
Jens Wahlstrom,, YezheLyu, Vlastimil Matjeka and Anders Soderberg, a pin-on-disc tribometer study of disc brake contact pairs with respect to wear and
airborne particle emissions,Wear,2017,384-385,PP.124-130.
D.W.Wang, J.L.Mo, M.Q.Liu, Improving tribological behaviors and noise performance of railway disc brake by grooved surface texturing, wear, 2017, 376-
377, PP.1586-1600.
Faisal Ahmed, Sanjay Srivastava, and Alka Bani Agarwal, Synthesis & Characterization of Al-Ti-Cr MMC as Friction Material for Disc Brakes Application,
Materials Today: Proceedings, 2017, 4, PP.405-414.
Ali Belhocine, Mostefa Bouchetara, Thermo mechanical modelling of dry contacts in automotive disc brake, international thermal sciences, 2012, 60,
PP.161-170.
N. Aranganathan, Vishal Mahale And Jayashree Bijwe, Effects of Aramid Fiber Concentration On The Friction And Wear Characteristics of Non-Asbestos
Organic Friction Composites Using Standardized Braking Tests, Wear, 2016, PP.1-27.
P.D. Neis, N.F. Ferreira and F.J. Lorini, Contribution to perform high temperature tests (fading) on a laboratory-scale tribometer,Wear,2010,271,PP.2660-2664.
Suresh. R, Numerical simulation & experimental study of wear depth and contact pressure distribution of aluminum mmc pin on disc tribometer,
Material Today Proceeding, 2017, 4, 11218-11228.
Aleksander Yevtushenko, Michal Kuciej and Ewa Och, Influence of thermal sensitivity of the materials on temperature and thermal stresses of the brake disc
with thermal barrier coating, International Communications in Heat and Mass Transfer, 2017, 87, PP.288-294.
P.J. Blau, J.C. Mclaughlin, Effects of water films and sliding speed on the frictional behaviour of truck disc brake materials, 2003, tribology international, 36,
PP.709-715.

M. Djafri, M.Bouchetara, C.Busch and S.Weber, Effects of humidity and corrosion on the tribological behavior of the brake disc materials, Wear, 2014, 321,
PP.8-15.

GuangyuBian, Houzheng Wu, Friction and surface fracture of a silicon carbide ceramic brake disc tested against a steel pad, Journal of The European Ceramic
Society, 2015, 35, PP.3797-3807.

GuangyuBian, Houzheng Wau, Friction And Surface Fracture of A Silicon Carbide Ceramic Brake Disc Tested Against A Steel Pad, Journal of the European
Ceramic Society, 2015, 35, PP.3797-3807.

Qi fei Jian, Yan Shui, Numerical and Experimental Analysis of Transient Temperature Field of ventilated Disc Brake under the Condition of Hard Braking,
International Journal of Thermal Sciences, 2017, 122, PP.115-123.

Daoud ,M.T.Abou El-khair, Wear and friction behavior of sand cast brake rotor made of A359-20vol%SiC particle composites sliding against automobile
friction Material tribology international,2010,43,PP.-544-553.

E.M.Bortoleto, A.C.Rovani, V.Seriacopi and F.J.Profito, Experimental and numerical analysis of dry contact in the pin on disc test, Wear, 2012, PP.1-8.

Zmago Stadler , Kristoffer Krnel , Tomaz Kosmac, friction Behavior of Sintered Metallic Brake Pads on A C/C-Sic Composite Brake
Disc,Ecers,2007,27,PP.1411-1417

M. Baklouti , A.L. Cristol , Y. Desplanques And R.Elleuch, Impact of the glass Fibers Addition on Tribological Behavior And Braking Performances of
Organic Matrix Composites For Brakelining,Wear,2014,PP.1-8.

Muthukannan Duraiselvama,N, A. Valarmathi B, S.M. Shariff C, G. Padmanabham ,Laser Surface nitride TI-6AL-4V For light weight automobile disk Brake
Rotor Application, Wear, 2014, 309,PP.269-274.

Anders Soderberg, Séren Andersson, Simulation of Wear And Contact Pressure Distribution At The Pad-To-Rotor Interface In A Disc Brake Using General
Purpose Finite Element Analysis Software,Wear,2009,267,PP.2243-2251.

Guido Perricone, A concept for reducing pm10 emissions for car brakes by 50%, wear, 2017, PP.1-22.

©IJRASET (UGC Approved Journal): All Rights are Reserved

5103



33)

International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 6.887
Volume 6 Issue IV, April 2018- Available at www.ijraset.com

Baijun Xiao, Haixu Li, Haijuan Mei, A study of oxidation behavior of altin-and alcrn-based multilayer coatings, surface coating
technology,2018,333,PP.229-237.

S. Anoop, S. Natarajan , S.P. Kumaresh Babu, Analysis of factors influencing dry sliding wear behaviour of Al/sicp—brake pad tribosystem,2009, MATERIAL
AND DESIGN,30,PP-3831-3838.

| Mutlu, Boric acid effect in phenolic composites on tribological properties in brake linings, Material and Design, 2007, 28, PP. 480-487.

K.W. Liew, Umar Nirmal, Frictional performance evaluation of newly designed brake pad materials,2013,Material and Design,48,PP.25-33.

Tej Singh, Amar Patnaik and Brijesh Gangil, Optimization of tribo-performance of brake friction materials: Effect of nano filler, wear, 2014, PP.1-5.

F.E. Kennedy, The friction and wear of Cu-based silicon carbide particulate metal matrix composites for brake applications, WEAR, 203-204, PP.-
715-721.

M.A.Sai Balaji, Thermal and fade aspects of a non-asbestos semi metallic disc brake pad formulation with two different resins, ADVANCED MATERIAL
RESEARCH, 2013, 622-623, PP.1559-1563.

©IJRASET (UGC Approved Journal): All Rights are Reserved

5104



d lIsRA

ef n\m
cross’ COPERNICUS

10.22214/1JRASET 45,98 IMPACT FACTOR: IMPACT FACTOR:
7.129 7.429

INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGY

Call : 08813907089 (V) (24*7 Support on Whatsapp)




