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In the context of understanding component reliability, this study introduces a robust simulation model,
specifically designed to estimate random failure probability in real-world operating environments. Seamless
integration of a Poisson process and meticulous formulation of specific equations have significantly enhanced

the model's computational accuracy. Public data were

utilized to validate the model's practical applicability,

demonstrating its efficacy in rigorously assessing the failure probability of taxi brake discs over a period of 1 to

5 years. The results are particularly illuminating: in

environments characterized by dynamic failure rate

conditions, the model consistently offers a remarkably precise estimation of random failure probabilities. This
underscores not only the utility of the model but also effectively bridges the gap often observed between
theoretical predictions and practical real-world outcomes.
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Figure 1. Statistical Estimation for Random Failure Probability
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Figure 2. Representation of BTV Models as a Function of Stress Level

Probability Plot for Stress to Failure
Lognormal - 95% CI
Complete Data - ML Estimates

99
Table of Statistics
Loc 6.18539
95 Scale  0.163616
Mean 492.146
90 StDev 81.0646
Median ~ 485.602
80 IQR 107.397
70 Failure 14
= 60 Censor 0
§ s AD* 1.616
S s0-
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5
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Figure 3. Failure Plot and Anderson-Darling Statistics for the Estimated Stresses
Table 1. Random Failure Probability by Brake Disc Temperature

Temperature (C) 300 350 400 450 500 550 600

Failure probability (%) 0.16 2.27 11.80 32.08 57.09 71.67 90.20
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Table 2. Results of the Statistical Analysis Performed on the

Open Data
. Number of Sudden Braking
. Operating )
Vehicle ID Days Sudden Braking Events per
Events Operating Day
01 45 1,267 28.16
02 344 4,595 13.36
03 2717 1,555 5.61
32 21 161 7.67
33 13 235 18.08

A Probability Distribution Serving as the parameter A
Lognormal, Loc=2.4785, Scale=0.693696
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e
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=
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Figure 4. A Probability Distribution Serving as the Parameter
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A Probability Distribution of the Speeds during Sudden Braking Events
Weibull, Shape=1.5722, Scale=33.7099, Thresh=13.058
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Figure 5. A Probability Distribution of the Speeds during Sudden
Braking Events

A Probability Distribution Serving as the parameter A
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Figure 6. Probability Plots for Statistical Analysis of Public Data
in the Simulation Model
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Table 2. Maximum Temperature of Single Braking According
to Vehicle Speeds (Su et al., 2021)

Initial Speed of the Vehicle Maximum Temperature
(km/h) during Braking (C)
65 100.22
75 128.50
85 154.48

Table 3. A Linear Model of the Surface Temperature of a Disc
Brake During Sudden Braking Events

Independent Estimate Standard Povalue Adjusted
Variable Error R-squared
tnitial Speed of 1 -y 2o 0097 | 0.00201 | 0.994
the Vehicle

Initial speed of the vehicle (km/h) Line Fit Plot

330

g

250
# Maximum temperature during

braking ()
B Predicted Mazimum temperature
during braking (°C)

Linear (Predicted Maximum
temp during braking (°C))

o
2

150

50 100 150 200
Tnitial speed of the vehicle (km/h)

Maximum temperature during
braking (°C)
-2 8
- |

Figure 7. A Linear Model for Initial Speed of the Vehicle
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Statistical Analysis Simulation Model

o
PING) = 1] =

Initial speedat the onset
of sudden braking
Speed~Wei(33.71, 157, 13.06)

exp(—At)

Sudden braking event occuirences over
a 1,095-day period (3 years)

L]
Standard deviation of Initial speed at the onset of sudden braking
decelerations during braking event occurrences over a 1,095-day period,
o= 28619 based on simulation results

Estimation of Tempspeeq in

. equation Temp,imuyiatea = T€MPspeea + 0
Data obtained using a regression model
from the study T

Temperature values relative to initial speed
at the onset of sudden braking events

[

Simulated brake disc surface
temperature for each sudden braking
event over a 1,095-day period

l

Exclusion of simulated brake disc
surface temperatures below 150 °C

!

Calculation of cumulative random
ffailure probabilities using Equations (3
and (4) over a 1,095-day period

Estimation results of random failure probabilities
based on the proposed random failure test

!

Have the number of
iterations in the simulation
model been satisfied?,

Calculation of desired statistics for
the random failure probabilities

Figure 8. A Framework for Estimating Random Failure Probabilities over Time

Table 4. Simulation Model-based Random Failure Probabilities of Incheon Taxis Due to Hot Judder

Failure Probability, Quartile Confidence Interval for the Mean
(%) First ) Third 95% CI 95% CI
. . Median ) Mean
Period (Year) Quartile Quartile Lower Bound Upper Bound
1 0.03 0.24 1.42 1.99 2.10 2.21
2 0.17 1.02 425 4.14 4.30 4.47
3 0.41 1.93 7.02 6.06 6.27 6.48
4 0.70 3.00 9.87 7.79 8.03 8.27
5 1.10 4.20 12.71 9.41 9.68 9.94
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Figure 9. Comparison of Means and Medians of Random Failure
Probabilities
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