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Manufacturing Parameters Affecting Physical Properties
and Tribological Behavior of Brake Linings

Seong Jin Kim, Kwang Seok Kim and Ho Jang’

Department of Advanced Materials Engineering, Korea University

Abstract—The Taguchi method, a robust experimental

design, was used to optimize manufacturing parameters

of a brake lining during hot pressing and heat treatment. A friction material containing 15 ingredients was
employed for this experiment and friction and wear tests were carried out by using a pad-on-disk type tribotester.
Sixteen brake linings with different manufacturing conditions were examined according to a parameter design.

From the results of the signal-to-noise (S/N) ratio and

the analysis of variance (ANOVA), the cause and effect

of the manufacturing parameters on physical properties (hardness and porosity) and friction and wear char-

acteristics of brake linings was obtained.

Key words—taguchi method, manufacturing parameter, tribological behavior, brake lining.
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Table 1. Manufacturing parameters and their levels
for Taguchi method

Levels
Factors ! 2 3 4
Time (miny A 6 8 10 12
° Temp(eC) B 150 175 200 225
Pressing

Pressure (MPa) C 27.0 29.5 32.0 345

Heat  Time (hr) D 4 6 8 10
Treatment Temp (°C) E 175 200 225 250
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Table 2. Experimental layout of an L.«(4%) orthogonal
array (the numbers in each column indicate the
levels for the specific factors)

Exple\lr;ment Factor A Factor B Factor C Factor D Factor 2
1 1 1 1 1 1
2 1 2 2 2 2
3 1 3 3 3 3
4 1 4 4 4 4
5 2 1 2 3 4
6 2 2 1 4 3
7 2 3 4 1 2
8 2 4 3 2 1
9 3 1 3 4 2
10 3 2 4 3 1
1 3 3 1 2 4
12 3 4 2 1 3
13 4 1 4 2 3
14 4 2 3 1 4
15 4 3 2 4 1
16 4 4 1 3 2

Table 3. Ingredients in the brake lining manufac-
tured for this study

Ingredients Vol.% Ingredients Vol.%
Phenolic resin 16 Reinforcing fiber 32
Lubricants 10 Abrasives 5
Fillers 22 Friction modifiers 15
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Table 4. Friction test procedure used in this work
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Number of applications: 2, Initial brake temperature (IBT): 80°C, Pressure: 0.6 MPa,
Speed: 600 rpm (2.8 m/s), Duration: 300 sec

Constant initial temperature test

Number of applications: 10, IBT: 80°C, Pressure: 0.6 MPa, Speed: 600 rpm (2.8 m/s),

(CITT) Duration: 300 sec
Constant interval test Number of applications: 10, IBT: room temp., Pressure: 0.5 MPa, Speed: 600 rpm
(CINT) (2.8 m/s), Duration: 20 sec, Interval: 10 sec
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Fig. 1. Molecular structure of modified novolac
phenolic resin used as a binder in this work.
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Fig. 2. DTG (derivative thermogravimetric analysis) of
novolac resin showing an exothermic reaction with
HEXA(hexamethylenetetramine) between 130 and
200°C.
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Table 5. Experimental results and S/N ratios for surface hardness and porosity

Experimental No.  Hardness(HRs)  S/N ratio (dB) Larger-the-better ~ Porosity(%) S/N ratio (dE)) Larger-the-bette:
1 73 373 1422 23.06
2 86 38.7 21.53 26.66
3 82 383 12.34 21.83
4 78 378 2197 26.84
5 87 38.8 15.73 23.93
6 75 37.5 20.26 26.13
7 92 39.3 13.84 22.82
8 90 39.1 17.50 24.86
9 85 38.6 13.69 22.73
10 91 392 19.06 25.62
11 81 382 17.90 25.06
12 86 38.7 19.06 25.60
13 86 387 10.92 20.76
14 85 38.6 15.32 23.71
15 89 39.0 17.38 24.80
16 87 38.8 1472 23.36

Table 6. The analysis of variance (ANOVA) for surface hardness and porosity

Factors Surface hardness Porosity
Sum of squares ~ Mean square  Contribution (%)  Sum of squares =~ Mean square  Contribution (%)
A 1.40 0.47 27.79 6.40 213 13.89
B 0.27 0.09 5.31 22.05 7.35 47.87
C 1.93 0.64 3834 8.08 2.69 17.54
D 0.66 0.22 13.09 5.19 1.73 11.26
E 0.78 0.26 1547 435 1.45 9.44
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Table 7. Experimental results and S/N ratios for [ls, (standard deviation of |1) and W; (specific wear rate)

Experimental No. Hsp S/N ratio (dB) Msp S/N ratio (dB) . Ws , S/N ratio (dB)
(CITT)  Smaller-the-better ~ (CINT)  Smaller-the-better (x10° mm’/Nm) Smaller-the-better
1 0.019 34.425 0.023 32.765 7.706 102.264
2 0.003 50.458 0.025 32.041 8.219 101.703
3 0.018 34.895 0.056 25.036 10.788 99.341
4 0.013 37.721 0.041 27.744 9.761 100.211
5 0.021 33.556 0.048 26.375 8.733 101.177
6 0.019 34.425 0.041 27.744 4.110 107.724
7 0.016 35.918 0.025 32.041 6.678 103.507
8 0.012 38416 0.029 30.752 6.678 103.507
9 0.009 40915 0.038 28.404 7.706 102.264
10 0.013 37.721 0.025 32.041 19.007 94.422
11 0.013 37.721 0.029 30.752 19.007 94.422
12 0.014 37.077 0.024 32.396 16.953 95.415
13 0.018 34.895 0.050 26.021 12.843 97.827
14 0.014 37.077 0.044 27.131 13.870 97.158
15 0.015 36.478 0.049 26.196 9.247 100.680
16 0.011 39.172 0.025 32.041 6.165 104.202
Table 8. The ANOVA for CITT and CINT friction test
CITT CINT
Factors — Y
Sum of squares ~ Mean square  Contribution (%) Sum of squares  Mean square  Contribution (%)
A 33.14 11.05 14.09 18.69 6.23 16.50
B 40.67 13.56 17.29 14.78 4.93 13.05
C 22.74 7.58 9.66 18.03 6.01 15.91
D 46.00 15.33 19.55 27.46 9.15 24.23
E 92.71 30.90 3941 3434 11.45 30.31
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Experiment No.

Fig. 3. Average friction coefficient measured during
CITT friction test.
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Fig. 4. Signal-to-Noise ratio responses for the two
different friction tests.

Table 9. The ANOVA for wear test
Mean square Contribution (%)

Factors Sum of squares

A 109.71 36.57 51.91
B 5.08 1.69 241
C 22.04 7.35 10.43
D 29.95 9.98 14.17
E 44.54 14.85 21.08
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