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Numerical Prediction of Brake Fluid Temperature Considering Materials of Piston
During Braking

S. T. Kim*, J. H. Kim", J. S. Kim'

4 Abstract Jl

Recently, many studies have been performed and good results have been reported in literature on the prediction of the
brake disk temperature. However, study on the brake fluid temperature is rarely found despite of its importance. In this
study, brake fluid temperature is predicted according to material property of brake piston. For the analysis, a typical disk-pad
brake system is modeled including the brake disk, pad, caliper, piston and brake fluid. Vehicle deceleration, weight distribution
by deceleration, disc-pad heat division and the cooling of brake components are considered in the analysis of heat transfer.
Unsteady-state temperature distribution are analyzed by using the finite element method and numerical results are compared
with the vehicle test data
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Table 1 Alpine Test

%7| 5 [Kvhr) | 271 S5 [Kvhe] | 248 £[+g mvs?]

sub 1 43 12 0.38
sub 2 43 17 0.34
sub 3 41 14 0.39
sub 4 46 31 0.51
sub 5 68 20 0.53
sub 6 50 13 0.52
sub 7 58 48 0.41
sub 8 60 22 0.33
sub 9 54 13 0.48
sub 10 49 kil 0.49
sub 11 64 33 0.43
sub 12 57 14 0.3

sub 13 74 25 0.48
sub 14 56 40 0.31
sub 15 64 23 0.44
sub 16 55 25 Q.45
sub 17 87 30 0.45
sub 18 60 40 0.29
sub 19 92 70 0.68
sub 20 87 45 0.5

sub 21 82 63 0.35
sub 22 67 26 0.49
sub 23 90 24 - 0.63
sub 24 69 58 0.24
sub 25 64 50 0.55
sub 26 60 33 0.46
sub 27 85 62 0.55
sub 28 79 53 0.58
sub 29 85 54 0.62
sub 30 70 52 0.6

sub 31 61 25 0.16
sub 32 78 32 0.65
sub 33 71 28 0.62
sub 34 74 57 0.66
sub 35 101 65 0.43
sub 36 99 64 0.53
sub 37 90 25 0.56
sub 38 75 25 0.59
sub 39 110 75 0.52
sub 40 87 64 0.52
sub 41 77 40 0.32
sub 42 75 45 0.33
sub 43 67 42 0.51
sub 44 57 34 0.36
sub 45 64 44 0.38
sub 46 76 60 0.43
sub 47 65 30 0.56
sub 48 97 28 0.41
sub 49 79 24 0.22
sub 50 94 28 0.48
sub 51 85 34 0.49
sub 52 69 28 0.42
sub 53 63 40 0.37
sub 54 91 0 0.48

Fig 2 Measured position for temperature
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Table 2 Specification of experiment Condition

Item Specification
Tire Roll Radius [mm)] 361
Initial Temperature [°C) 30
Atmosphere Temperature [°C] 30
Inertia 27

Table 3 Dynamo meter specification

Item Specification

Type Dual Type
Max. Inertial [kg - m] 16.7
Max. RPM [km/h] 2000
Torque [kgf - m] 250
Pressure [kgf/cmz] 350
Max. Temp. [°C}] 1000
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V" : Cooling flow velocity [m/s]
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Table 3 The properties of materials

. Specific Thermal
?Zj;ﬁ]y pfzeat condui:t ivity

[J/kgC] [(W/mC]
Disc 7272 420 52
Pad 2595 1465 1.5
Caliper 7228 419 48.5

Piston

(phenol) 1380 960 1.5

Air 1.143 1006 0.0268
Brake fluid 1117 2386 0.257
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Fig. 3 FEM model of Brake System
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Fig. 4 Temperature distribution (steel piston)
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Fig. 5 Temperature distribution (phenol resin piston)
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Fig. 6 Temperature distribution (metal piston)
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Fig. 7 Temperature distribution (phenol resin piston)
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Table 4 Experiment Data (Max. Temp)

. In out | . Brake
Disc Piston .
Pad | pad Fluid

steel | Temp

. 652 | 514 | 470 | 149 | 123
piston | [°C]

phenol | Temp

. 655 | 535 | 483 | 238 | 97
piston | [°C]

Table 5 Analysis Data (Max. Temp)

. In out | Brake
Disc Piston .
Pad | pad Fluid

steel | Temp

. 661 | 513 | 481 | 116 | 107
piston | [°C]

phenol| Temp

) 662 | 529 | 499 | 217 | 89
piston | [°C]
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