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Abstract. The main objective of the present study is to optimize the 

geometric parameters of wedge disc brake for improving brake 

performance by applying the Taguchi method with orthogonal array 

robust design. The experimental tests using brake dynamometers are 

integrated with Taguchi method to find out the significant contributions 

of different types of geometric parameters for effective increasing of the 

brake performance. From Taguchi method results, the effective 

geometric parameters to improve the performance of wedge brake are 
obtained. Results of this work show that the most significant geometric 

parameters on wedge brake performance can be achieved through 

combination of the friction material thickness and friction material 

length. 
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1   Introduction 

Optimization approach is an engineering methodology for improving productivity during 

research and development. It helps to achieve high-quality products quickly and with low 

cost. According to Dr. Taguchi [1,2], optimized method is one that is created with a 

system of design tools to reduce variability in product or process, while simultaneously 

guiding the performance towards an optimal setting. A product that is robustly designed 

will provide customer satisfaction even when subjected to extreme conditions on the 

manufacturing floor or in the service environment.  

The brake performance has been measured during the braking process in many 

experimental investigations. Experimental investigations widely used brake 

dynamometers to study the brake performance at different operation and geometric 

design parameters. The experimental researches measure the influence of temperature, 

pressure, and temperature on friction by external control of the parameters [3, 4]. Many 

researchers used the brake dynamometer to investigate the brake system at different 
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design stages to optimize the performance. There are two basic types of brake 

dynamometer. These types are; inertia dynamometer that has attached flywheel [5,6] and 

drag dynamometer that has the ability to test the brake system at constant speeds [7-11]. 

Despite the large research efforts that have been carried out to evaluate the brake systems 

during the last years, still many challenges ahead and evaluation brake performance is 

still a complex phenomenon. This may be due to the fact that brake system is influenced 

by a large number of variables including materials of brake components, geometry of 

components, component interaction, many operating and environmental condition [12]. 

In order to find an optimum manufacturing condition of brake systems, a large number 
of experiments are required to prepare test specimens and also to carry out experimental 

tests using brake dynamometer. To reduce the number of experiments, several 

experimental designs have been suggested [13,14]. Among several experimental design 

techniques, the Taguchi method has been successfully applied for a systematic approach 

to optimize designs and to achieve manufacturing parameters [15]. It is designed to 

minimize the number of experiments and to analyze the specific interactions between 

control factors and noise factors using an orthogonal array [16, 17]. 

Taguchi techniques were developed by Taguchi in the late 1940’s. Taguchi developed 

the foundations of robust design and validated its basic philosophies by applying them in 

the development of many products [18]. Taguchi method can be used for optimization 

methodology that improves the quality of existing products and processes and 

simultaneously reduces their costs very rapidly, with minimum engineering resources and 
development man-hours. It achieves this objective by making the product or process 

performance "insensitive" to variations in factors such as materials, manufacturing 

equipment, workmanship and operating conditions. It also makes the product or process 

robust and therefore it is called as robust design [19]. The Taguchi method is a systematic 

application of design and analysis of experiments for the purpose of designing and 

improving product quality. It can reveal an optimal setting after a limited number of 

experiments have been conducted [20-22].  

According to Taguchi’s quality engineering philosophy and methodology, there are 

three important steps in designing a product or process: system design, parameter design 

and tolerance design [23-26]. In this research, the investigation carried out is to better 

understand the effect of friction material thickness, friction material length, number 
friction material slots and number of rotor disc holes on the performance of a new wedge 

disc brake. Statistical study using the Taguchi method is conducted to give the optimum 

working conditions of the parameter that affects the performance of wedge disc brake. 

Four control factors are defined as friction material thickness, friction material length, 

number friction material slots and number of rotor disc holes each, at three levels are 

selected and an orthogonal array layout of L9 (34) are performed. From the signal-to-

noise (S/N) ratio of the test results, the significant parameters to improve wedge disc 

brake behavior are suggested. 
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2   Description of Taguchi Method 

Taguchi method is one of the most popular methods for optimizing the design 

parameters. This method improves product quality based on the concepts of statistics and 

engineering [27]. The method is capable of establishing an optimal design configuration 

even when interactions exist among the control variables. Basically, the Taguchi method 

is a powerful tool for the design of high quality systems. It provides a simple, efficient 

and systematic approach to optimize designs for performance, quality, and cost. The 

methodology is valuable when the design parameters are qualitative and discrete. 
Taguchi parameter design can optimize the performance characteristics through the 

settings of design parameters and reduce the sensitivity of the system performance to 

sources of variation. In recent years, the rapid growth of interest in the Taguchi method 

has led to numerous applications of the method in a world-wide range of industries and 

nations [28]. 

Recently, Taguchi method has become a well-recognized approach for analyzing the 

interaction effects while performing ranking and screening of various controllable 

factors. Moreover, this method is proven to be capable of solving a variety of problems 

involving continuous, discrete and qualitative design variables. According to Taguchi 

method for optimization systems, all machines or set-up are classified as engineering 

systems (if it produces a set of responses for a given set of inputs). Those systems can be 

classified in to two categories. They are: i) Static system and ii) Dynamic system.  

   i) The static system to be optimized has several control factors which directly 

decide the target or desired value of the output. The optimization then involves 

determining the best control factor levels so that the output is at the target value. This is 

the primary aim of the Taguchi experiments to minimize variations in output even though 

noise is present in the process. The process is then said to have become optimized. 

ii) The dynamic system has signal factors (input from the end user) in addition to 

control and noise factors. If the product to be optimized has a signal input that directly 

decides the output; the optimization involves determining the best control factor levels so 

that the "input signal / output" ratio is closest to the desired relationship. Systems like 

disc brake system produce outputs namely brake performance for a set of inputs 

parameters. The present study is aimed at establishing the input-output relationships for 
prediction of brake performance. Optimization of the performance of disc brake is 

considered a static system shown in Fig. 1.      
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Fig. 1 P-diagram of wedge disc brake performance system 

3   Taguchi Method Optimization 

In this section, parameter design is used to select optimal or sub-optimal levels for 

types of required parameters. According to Taguchi, The overall framework is shown 

in Fig. 2. To summarize, the parameter design of the Taguchi method includes the 

following steps: 

Step1. Planning of the experiment 

a) Defining the control factors, noise factors and quality responses for the 

product or process. 

b) Determining the levels of each factor. 
c) Selecting an appropriate orthogonal array (OA) table. The selection of the 

most appropriate OA depends on the number of factors and interactions, and 

the number of levels for the factors.  

d) Transforming the data from the experiments into a proper S/N ratio. 

Step2. Carrying out the experiments 

Step3. Analyzing and examining the results 

a) Executing an ANOVA analysis to determine the significant parameters. 

b) Conducting a main effect plot analysis to determine the optimal levels of the 
control factors. 

c) Executing a factor contribution rate analysis. 

d) Confirming the optimal process parameters through the confirmation 

experiment. 

Control Factors 

Controllable variables based on operation 
conditions and geometrical design parameters 

of brake system 

Wedge Disc Brake System 

Noise Factors 
Environmental conditions and design of 

brake components  

Output 

Response 

(Braking Force) 

Force) 
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Fig. 2 overall framework of the Taguchi method 

 

4   Orthogonal Array 

The effect of many different parameters on the performance characteristic in a 

condensed set of experiments can be examined by using the orthogonal array 

experimental design proposed by Taguchi. Once the parameters affecting a process that 

can be controlled have been determined, the levels at which these parameters should be 

varied must be determined. Determining what levels of a variable to test requires an in-

depth understanding of the process, including the minimum, maximum, and current value 
of the parameter. If the difference between the minimum and maximum value of a 

parameter is large, the values being tested can be further apart or more values can be 

tested. If the range of a parameter is small, then less value can be tested or the values 

tested can be closer together. 

While there are many standard orthogonal arrays available, each of the arrays is meant 

for a specific number of independent design variables and levels. For example, if one 

wants to conduct an experiment to understand the influence of 4 different independent 

variables with each variable having 3 set values (level values), then an L9 orthogonal 
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array might be the right choice. The L9 orthogonal array is meant for understanding the 

effect of 4 independent factors each having 3 factor level values. This array assumes that 

there is no interaction between any two factors. While in many cases, no interaction 

model assumption is valid, there are some cases where there is a clear evidence of 

interaction. A typical case of interaction would be the interaction between the material 

properties and temperature.  

4.1 Analyzing Experimental Data 

Once the experimental design has been determined and the OA has been selected, the 
measured performance characteristic can be used to analyze the relative effect of the 

different parameters. To determine the effect each variable has on the output, the signal-

to-noise ratio, or the S/N number, needs to be calculated for each experiment conducted. 
 

4.2 Signal-to-Noise Ratio 
    In the Taguchi method, the Signal-to-Noise Ratio (S/N ratio) is computed to analyze 

the deviation between the experimental value and the desired value. Usually, there are 

three types of quality characteristic in the analysis of the signal-to-noise ratio, (i.e. the 

lower-the-better, the higher-the-better, and nominal-the-better). Since, the requirement is 

to maximize the brake performance through selection a proper parameters; higher-the-

better quality characteristic is employed.  

 The S/N ratio η is given by: 

 10log( )  MSD                  1 

where MSD is the mean-square deviation for the output characteristic. MSD for the 

smaller-the-better quality characteristic is calculated by the following equation, 

Larger the better (for making the system response as large as possible): 

                  2 

Smaller the better (for making the system response as small as possible): 

2

1

1


 
 

n

ii
MSD Y

N
                  3 

Nominal the best (for reducing variability around a target): 

      4 

Where Yi is the squeal response for the ith test, n denotes the number of tests and N is 

the total number of data points, y ـــ is the mean of observed data, Sy 2 is the variance of y, 
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and y is the observed data. The function ‘-log’ is a monotonically decreasing one, it 

means that we should maximize the S/N value. The S/N values are calculated using 

Equations.1 and 4. Table 3, shows the response table for S/N ratios using smaller-the-

better approach. 

These S/N ratios are derived from the quadratic loss function and are expressed in a 

decibel scale. Once all of the S/N ratios have been computed for each run of an 

experiment, Taguchi advocates a graphical approach to analyze the data. In the graphical 

approach, the S/N ratios and average responses are plotted for each factor against each of 

its levels. The graphs are then examined to “pick the winner,” i.e., pick the factor level 
which (1) best maximize S/N and (2) bring the mean on target (or maximize or minimize 

the mean, as the case may be). Using this information, the control factors can also be 

grouped as follows. 

1. Factors that affect both the variation and the average performance of the 

product. 

2. Factors that affect the variation only. 

3. Factors that affect the average only. 

4. Factors that do not affect either the variance or the average. 

Factors in the first and second groups can be utilized to reduce the variations in the 

system, making it more robust. Factors in the third group are then used to adjust the 

average to the target value. Lastly, factors in the fourth group are set to the most 

economical level. Finally, confirmation tests should be run at the “optimal” product 
settings to verify that the predicted performance is actually realized. A demonstration of 

Taguchi’s approach to parameter design serves as our case study in the next section. 

 

4.3 Optimization Of Geometric Parameters Using Taguchi Methods 

Four control factors are defined as number of rotor holes, friction material thickness, 

friction material length, friction material slots each at three levels are selected and an 

orthogonal array layout of L9 (34) are performed. From the signal-to-noise (S/N) ratio of 

the test results, the significant parameters to improve wedge disc brake behavior are 

suggested. The wedge brake performance based on the experimental results is compared 

with the predicted results using Taguchi approach. The details of this analysis as 
following subsections: 

Based on the detailed literature survey, the wedge disc brake performance influences 

by number of rotor holes, friction material thickness, friction material length, friction 

material slots that are important and their design have effects on the performance. To 

select the optimum values for the each parameter for effective increasing brake 

performance, the following parameters are considered for the experiments, as listed in 

Table 1.  
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 Table 1 Parameters and their levels for Taguchi method 

 

While there are many standard orthogonal arrays available, each of the arrays is meant 

for a specific number of independent design variables and levels. For example, if one 

wants to conduct an experiment to understand the influence of 4 different independent 

variables with each variable having 3 set values (level values), then an L9 orthogonal 

array might be the right choice. The L9 orthogonal array is meant for understanding the 

effect of 4 independent factors each having 3 factor level values. This array assumes that 

there is no interaction between any two factors. While in many cases, no interaction 

model assumption is valid, there are some cases where there is a clear evidence of 
interaction.  

In this study, if there is an experiment having 4 factors which have three values, then 

total number of experiment is 81. The Taguchi orthogonal array make list of nine 

experiments in a particular order which cover all factors. By using this method number of 

experiments reduced to 9 instead of 81 with almost same accuracy. The present set of 

excremental tests is conducted as per the Taguchi L9 (34) orthogonal design array to 

identify the “most significant” variables by ranking with respect to their relative impact 

on the brake performance. The L9 orthogonal array consists of four control parameters at 

three levels, as shown in Table 2. 

The S/N values are calculated using Equations.1 and 2. Table 3, shows the response 

table for S/N ratios using larger-the-better approach. 

 

 

 

 

 

 

 

Tests No. of  holes slots length thickness Results 

1 0 1 11 10.0 3293.00 

2 0 2 9 7.5 2539.00 

3 0 3 7 5.0 2103.00 

4 64 1 9 5.0 2213.83 

5 64 2 7 10.0 2609.63 

6 64 3 11 7.5 2544.00 

7 32 1 7 7.5 2386.14 

8 32 2 11 5.0 2385.00 

9 32 3 9 10.0 2765.00 
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Table 2 Design layout using Taguchi L9 array 

 

 

Table 3 Response table for S/N ratios using larger-the-better 

Level A B C D 

1 68.16 68.27 67.31 66.83 

2 67.98 67.99 67.94   67.92 

3 67.78 67.66 68.67   69.17 

Delta 0.38 0.61 1.36    2.34 

Rank 4 3 2 1 

 

 5    Results of Taguchi Method 

 From the Fig. 3 of main effects plot and from Table 4 of S/N ratio, it is 

observed that A1-B1-C4-D4 is the optimum combination for maximum brake force. 

Similarly, A4-B4-C1-D1 is the combination for minimum brake force. In this study, the 

brake force is considered an indication for brake performance (as the brake force increase 

the brake performance increase). It is observed that these combinations of parameters are 

not included in the experimental runs. Hence, an additional two confirmation tests are run 

at these combinations. The experimental and predicted results are shown in Table 4 

             Factors 
                Levels 

1 2 3 

A:No. of rotor disc holes 

B:No. of friction material slots  

C:friction material length (cm) 

D: Friction material thickness (mm) 

0 

1 

11 

10 

32 

2 

9 

7.5 

64 

3 

7 

5 
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Fig. 3 Main effects plot of the variables on the brake performance 

6    Confirmation Test 

    Furthermore, the confirmation test is conducted to verify the improvement of results 

and to predict the optimum performance at the selected levels of significant parameters. 
The confirmation experiment is highly recommended by Taguchi to verify experimental 

conclusions. The most optimal set of combination of parameter was performed with 
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combination of the optimum levels to compare the results with the predicted 

performance. The predicted mean of the response characteristic of Taguchi can be 

expressed as shown in Table 4 and Fig. 3. 

 Table 4 Verification Experimental results 

Run holes slots Length thickness 
S/N 

Predicted  Exp. Difference 

Ratio 

1 0 1 11 10 70.35 3293 3097 5.90% 

2 64 3 7 5 65.65 1847 1689 8.50% 

 

As is seen from the Table 4, the predicted results of brake performance using Taguchi 

method and experimental results from brake test rig found to be in good agreement. It 

shows the adequacy of the Taguchi approach in prediction of the brake performance. It 

can be concluded that the optimal value of braking force is 3293 N, at number of rotor 

disc holes, one friction material slot, friction material length 11 cm, and friction material 

thickness 10 mm. Fig. 4 shows the statistics deviation of the performance in the disc 

brake system. 
 

 
 

Fig. 4 Comparison between predicted by Taguchi and Experimental results 

7   Conclusion 

   In this paper, a new methodology for evaluation of different types of parameters 

used in practice for evaluation the new wedge disc brake components are examined to 

increase braking force generation. The experimental tests using brake dynamometers is 

integrated with Taguchi method to find out the contributions of several types of 
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geometric design parameters and its effects for effective increasing of brake performance. 

The results revealed that the friction material thickness contributes 49.9 % of the total 

brake performance. It is followed by the friction material length, which contributes 29 % 

of the system performance. In addition, the number of friction material slots contributes a 

percentage of 13 % . finaly, the number of rotor disc holes contributes 8.1% of the total 

brake performance. It is also seen that friction material thickness, and friction material 

length are the most significant parameters that have a significant effect on wedge brake 

performance. Finally it can be reported that, Taguchi method can simplify the test 

protocol required to optimize wedge disc brake by reducing the number of trial batches. 

References 

1. Taguchi, G Off-line and On-line Quality Control Systems: Proceeding of International 

Conference on Quality, Tokyo, Japan (1978) 

2. Taguchi, G. and Y. Wu: Introduction to Off-Line Quality Control: Central Japan 

Quality Control Association, Nagoya, Japan (1979)  

3.  Neuman RF, Urban JA, McNinch JH. „Performance characterization of dry friction 

materials‟ In: Braking of road vehicles. London: Mechanical Engineering Publications 
Ltd, 1983:233–8 (1983) 

4.   Zimmer D. ATE friction test machine and other methods of lining screening. Society 

of Automotive Engineers paper 820163 (1982) 

5.  Trichés, M. J., Samir, N. Y. and Jordan, R. “Reduction of squeal noise from disc 

brake systems using constrained layer damping”, J. of the Brazilian Society of 

Mechanical Science and Engineering, Vol. 26, pp. 340-348 (2004) 

6.  Chen T. F., “Relationship between Formulation and Noise of Phenolic Resin Matrix 

Friction Lining Tested In Acoustic Chamber on Automotive Brake Dynamometer,” 

Master of Science Thesis, Southern Illinois University (2005) 

7.  Amr M. M. Rabia, Nouby M. Ghazaly, M. M. M. Salem, Ali M. Abd-El-Tawwab. 
“An Experimental Study of Automotive Disc Brake Vibrations” The International 

Journal of Engineering and Science (IJES), Vol.2, Issue 01, PP. 194-200 (2013) 

8.  Nouby, M. and Srinivasan, K. “Simulation of structural modifications of a disc brake 

system to reduce brake squeal, Proc. IMechE, Part D: J. Automobile Engineering, Vol. 

225, No. 5, 653–672 (2011) 

9.  Cunefare, K. A. and Graf, A. J. “Experimental active control of automotive disc brake 

rotor squeal using dither”, Journal of Sound and Vibration, Vol. 250, No. 4, pp. 575-

590, (2002) 

10.  Nouby M. Ghazaly “Study on Automotive Disc Brake Squeal Using Finite Element 

Analysis and Design of Experiments” PhD. Thesis, Department of Mechanical 

Engineering, Anna University, India (2011) 

11.  Fieldhouse, J. D., Steel, W. P., Talbot, C. J. and Siddiqui, M. A. “Brake noise 
reduction using rotor asymmetric”, Proc. of IMechE International Conference Braking 

2004, Professional Engineering Publishing Ltd, pp. 209-222 (2004) 

12.  P.G. Sanders, T.M. Dalka, R.H. Basch, A reduced-scale brake dynamometer for 

friction characterization, Tribology International 34, 609–615 ( 2001) 

http://www.ijmejournal.com/
https://sites.google.com/site/journalijme/


International Journal of Mechanical Engineering 

ISSN : 2277-7059               Volume 3 Issue 11 (November 2013) 

http://www.ijmejournal.com/         https://sites.google.com/site/journalijme/ 

 

13 

 

13.  H. Jang, J.S. Lee and J.W. Fash, Compositional effects of the brake friction material 

on creep groan phenomena. Wear 251, pp. 1477-1483 (2001) 

14.  W.H. Yang and Y.S. Tarng, Design optimization of cutting parameters for turning 

operations based on the Taguchi method. J. Mater. Process. Technol. 84, pp. 122-129, 

(1998) 

15. D.C. Montgomery, Design and Analysis of Experiments, Wiley, New York, (1997) 

16. G.S. Peace, Taguchi Methods: A Hands-on Approach, Addison-Wesley, Reading, 

MA, (1993) 

17. S.J. Kim and H. Jang, Friction and wear of friction materials containing two different 
phenolic resins reinforced with aramid pulp. Tribol. Int. 33, pp. 477-484, (2000) 

18. Phadke M.S. Quality Engineering Using Robust Design, Prentice Hall, NJ,US, (1989) 

19. D. Mathivanan, M. Nouby and R. Vidhya Minimization of sink mark defects in 

injection molding process –Taguchi approach, International Journal of Engineering, 

Science and Technology, Vol. 2, No. 2, pp. 13-22 (2010) 

20.  Nouby, M., Mathivanan, D., and Srinivasan, K. A combined approach of complex 

eigenvalue analysis and design of experiments to study disc brake squeal. Int. J. 

Engng Sci. Technol. 1(1), 254-27, 1 (2009) 

21.  Abdo, J., Nouby, M., Mathivanan, D. and Srinivasan, K. Reducing disc brake squeal 

through FEM approach and experimental design technique, Int. J. Vehicle Noise and 

Vibration, Vol. 6, Nos. 2–4, pp.230-246 (2010) 

22.  Antony, J., and Antony, F., “Teaching the Taguchi Method to Industrial Engineers,” 
Work Study, 50(4), pp 141-149 (2001) 

23. Datta, S., G. Nandi and A. Bandyopadhyay, Application of entropy measurement 

technique in grey based Taguchi method for solution of correlated multiple response 

optimization problems: A case study in welding, Journal of Manufacturing Systems, 

Volume 28, Issues 2-3, Pages 55-63, July (2009) 

24. Datta, S., G. Nandi, A. Bandyopadhyay and P.K. Pal, Application of PCA based 

hybrid Taguchi method for multi-criteria optimization of submerged arc weld: A case 

study, International Journal of Advanced Manufacturing Technology, 45(3-4): 276-

286 (2009) 

25. Mur, P. Ultrathin oxide grown on silicon (100) by rapid thermal oxidation for CMOS 

and advance devices, App. Surface Sci., 175-176: 726-733 (2001) 
26. Thakur, R.P.S. Silicon-Based Ultrathin Dielectrics, The electrochem Soc., 8(2): 20  

(1999) 

27. Hou, T.H., Su, C.H., Liu, W.L. Parameters optimization of a Nano-particle wet 

milling process using the Taguchi method, response surface method and Genetic 

algorithm. Powder Technology, 173, p. 153-162 (2011) 

28.  A. Bendell, J. Disney, W.A. Pridmore, Taguchi Methods: Applications in World 

Industry, IFS Publications, UK (1989) 

 

http://www.ijmejournal.com/
https://sites.google.com/site/journalijme/

