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A Study on Shape Optimization for Seal Groove of Disc Caliper using
Finite Element Method and Taguchi’s Method

Kim Jin Han*, Kim Soo Tae"

jl Abstract Iﬁ

A typical disk brake system consists of caliper housing, piston, seal and two pads etc. The configuration of seal
groove, dimension of piston and seal, and seal material properties are important ones for brake performance, as these
affect the retraction of piston. The rubber seal is designed to perform dual functions of sealing the brake oil at
brake-applied and retracting the caliper piston at brake-released. In this paper, the seal stress is analyzed using Finite
Element Method and experiment is conducted by Taguchi’s Method. We attempt to quantify the critical design factors
in the seal groove and evaluate their impact on some of brake performance factors. The investigation obtained from
this study can not only enhance the seal groove design optimization, but also reduce product prototype testing and

development time.

Key Words : Rubber Seal(:1 % *4), Seal Groove(*2 &), Finite Element Method(-3-3t2.4xHH), Design of Experiments(-d 3 A2l 5),
Taguchi’s Method(th-# )

1. AN 2 Heo]z AIAFR Fig. 1 o] Aejd o4&, g2E, 4
(seal), =, tj2z19t RE|Z FAJHI, 78 FU A5AE
A5k AA|(body)ot MAl(chassis)2 5™, HE| AEAY AN 715E sk AeA 4 ¢
ol A|ARNE MA| FAFO] grEoth dutAgl fal LR ELICI=g
* AT 7| A 28T (nkepd7@hotmail com)
Fa 641-773 AW AUA ALE 99A) 7| AT
+ IR AddEn 714 Fs

88



Groove Seal
Brake Oil

\

Out Pad ' Disc  InPad

Fig. 1 Schematic of the components of a disc brake
system
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Table 1 Specifications of the phenolic piston

Phenolic | Diameter | Piston&Caliper | Roughness
Piston (mm) Clearance(mm) (Ra)
a 42.800 0.169 0.25
b 42.800 0.169 0.24
c 42.855 0.114 0.24
d 42.855 0.114 0.19
€ 42.900 0.069 0.21
f 42.900 0.069 0.23

Fig. 2 Photograph of the experimental setup
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Table 2 Results of the push in force test

Push in force (N)
Piston First Second Third Mean
Initial| Max |Initial| Max {Initial| Max |Initial| Max
a 169 | 256 | 160 | 241 | 155 | 231 | 161 | 242
b 173 | 274 | 163 | 255 | 158 | 242 | 165 | 257
c 211 | 305 | 191 | 280 | 176 | 267 | 192 | 283
d 198 | 311 | 190 | 307 | 229 | 302 | 206 | 306
266 | 350 | 249 | 330 | 240 | 314 | 251 | 331
f | 264 | 362 | 248 | 331 | 240 | 316 | 250 | 336
m T T T T T T w
—0— Phendlic-Mn.
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Fig. 3 Push in force according to piston diameter
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Fig. 4 Modeling and mesh generation of rubber seal
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Table 3 Material Properties

Material Caliper housing Rubber seal
Young’s
210000 2.82

Modulus(MPa) 0

Poisson’s 03 0.499

ratio

El;;npznt plane42 hyper56
Mooney-Rivlin Ci=-2.746

constant C=4.597
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Fig. 5 Boundary conditions of rubber seal
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Fig. 8 Push in force according to piston diameter
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Direction Clearance
Fig. 9 Caliper seal groove design features Run Inner array Outer array
Num. A B C D Ni N2
Table 4 Control & Noise Factors ! ! ! ! ! 229 | 2.32
2 1 2 2 2 1.31 1.46
Factor 1 Lovel . 3 1| 3 ] 3 | 3 |053 08l
2 4 | 2 | 1] 2] 3 [o3]oa
A Clearance(mm) 0.05 0.1 0.15 5 2 2 3 | 195 | 201
B Corner Break(mm) 03 0.5 0.7 6 2 3 1 2 1.05 1.23
C Front Angle(’) 0 5 10 7 3 1 3 2 1079 | 094
D Bottom Angle(") 0 5 10 8 3 2 1 3 029 | 043
N | Friction coefficient| 0.4 0.8 9 3 2 1 1.69 | 1.74
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Table 6 Response Table for Signal to Noise Ratios

Level A B C D
1 1.9973 -0.2539 -0.3534 5.9552
2 0.1101 -0.2163 0.2722 0.8299
3 -2.0150 | 0.5625 0.1736 -6.6929
Delta 4.0123 0.8164 0.625 12.6481
Rank 2 3 4 1
50 A 50 B
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Fig. 10 Main Effects Plot for S/N Ratios

Table 7 Predicted values of S/N Ratios and Factor

Levels
Level Present Optimum
S/N Ratio 7.25 8.69
Factor levels AB,C\D, Ai1B;GoDy

Table 8 Two-way ANOVA of N versus A and D Factor

Source DF SS MS F P
A 2 0.417 | 0209 | 29.33 | 0.000
D 2 1.334 | 0.667 | 93.77 | 0.000
A*D 4 0.066 | 0016 | 230 | 0.137
Error 9 0.064 | 0.007
Total 17 1.880
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