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Abstract : The frictional heat generated during vehicle braking, which is transmitted to the wear measurement sensor in a
shaft, negatively impacted the sensor’s lifespan and measurement accuracy. Since the shaft design is crucial in improving
both lifespan and accuracy, this paper focused on the shaft’s design optimization of the shaft. During optimization,
temperature is minimized, while the safety factor is maximized. To reduce computational cost, a surrogate model
methodology is employed. After the optimization, a 47.44% reduction in temperature and a 33.56% increase in the safety
factor, compared to the initial design, were achieved. Additionally, the validity of the surrogate model-based design
optimization was verified through further simulation at the optimal point.
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Fig. 1 Brake pad wear sensor principle
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Table 1 Properties and boundary conditions for finite element
analysis

Brake pad wear measurement sensor shaft
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Fig. 3 Shaft finite element model and analysis results
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Table 3 Correlation functions

Correlation function Rj(@wl,%)
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Fig. 6 Dynamic kriging flow chart
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S Table 6 Surrogate model accuracy (Temperature)
B ool BoE BFE A AL YA AAAS
Uk WA Lo A2 s007A) £ ol 2, 3 Comelation | ¢onggane | Hrear | Quadratic
_ function polynomials | polynomials
7] 1?51—/‘9,} 87H '6 = 231—-5}_._247]]/] r/Hﬂmcﬂ
T Gaussian 89.68 % 90.22 % 90.41 %
Cubic 88.67 % 90.02 % 90.41 %
Table 4 Maxi log-likelihood ft lation functi
able aximum log-likelihood for correlation functions Exponential 9057 % 00.68 % 00.54%
. . Log likelihood Linear 89.99 % 90.36 % 90.46 %
Correlation function -
Temperature Safety factor Spline 90.53 % 90.48 % 90.50 %
Gaussian -0.2305 -0.0927 Spherical 90.55 % 90.62 % 90.50 %
Cubic -0.3001 -0.2158 Matérn32 90.61 % 90.63 % 90.51 %
Exponential -0.1892 -0.0492 Matérn52 90.40 % 90.52 % 90.48 %
Linear -0.2339 -0.0594
Spline -0.2153 -0.0759
Spherical 01950 0.0698 Table 7 Surrogate model accuracy (Safety factor)
Matérn32 -0.1686 -0.0800 Correlation Constant Linear Quadratic
Matérn52 -0.1777 -0.0818 function polynomials | polynomials
Gaussian 87.90 % 88.98 % 89.76 %
Table 5 Cross validation data Cubic 85.13% 87.86 % 89.39 %
Exponential 90.65 % 90.63 % 90.50 %
Correlati Li drati
oreralion | Constant et Quadratic Linear 90.20 % 90.32 % 90.41 %
function polynomials | polynomials
Temperature Spline 90.61 % 90.55 % 90.46 %
(Matém3a) | 2008 25105.39 25106.28 Spherical 90.63 % 90.57 % 90.49 %
Safety factor Matérn32 89.72 % 89.76 % 89.78 %
48.41154 48.74518 48.81291
(Exponential) Matérn52 89.36 % 89.61 % 89.84 %
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Table 8 Optimum design variable and Change

Design Initial Optimal

variable design(mm) design(mm) Change
d, 0.5 0.5514 10.28 %
d,y 6.6 6.8880 436 %
dsy 0.5 0.2500 -50.00 %
dy 1.0 0.5000 -50.00 %
ds 13.25 15.7098 18.56 %
dg 4.65 5.6540 21.59 %

5.3 2|22 AlZ2{0|d AAHS

HAmdo] dxdy} 92 AlEdold Axe
Table 99} 2T} t2] 2 dlS F3l] 92 A= 89.2391 °C
o} oFH & 527670 o]i= Z7]E o] &= 125.0073 °C
o} QA S 3.1947 Bt} 40.08 %2] & =7FA ¢} 39.43 %2
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Table 9 Comparison of results

Name Initial model | Surrogate model | Analysis
Temperature (°C) | 125.0073 89.2391 84.786

Change - -40.08 % -47.44 %
Safety factor 3.1959 5.2767 4.8103
Change - 39.43 % 33.56 %

84.786 °C, 4.8103%) Z=ZH It tig|d o] 5A]
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