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Research of Reliability Assessment through the Analysis of Field
Data and Taguchi Method about Vehicle Components Problem
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<Abstract>

As the vehicle components are various, we confront unexpected problems in the
development and application of them. also warranty expenses occur in the result of
unconfirmed warranty.in this paper, to solve the problems of disconnection of damper
Strut cable, we applied the optimum conditions through taguchi method for
improvement of durability. and we made standard of reliability by weibull analysis of
the field data. we acquired reliability standard by correlation with lab data and
confirmed improved components satisfying the target of reliability. The analysis of
reliability by field data is very useful and we need to apply this method to other
components, the correlation between field data and Lab Test has influence on
satisfying the target of reliability.this method would be utilized for current mass
production components and upcoming developed components. the reliability of
durability should be continuously used in the basis of primary technique in cope with
competitive automotive companies.

Keywords . ALT(Accelerated Life Test), Taguchi Method, Weibull Analysis, Reliability
Assessment, Damper Strut Assy(Vehicle Components)
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2.2.1. Life Distribution

om@ REOE 1

where, f(t) - Probability Density Function
F(t) © Cumulative Density Function
R(@) . Reliability Function
A(t) : Hazard Function
B Shape Parameter
n - Scale Parameter

vy . Location Parameter
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where, [ . Weibull Shape Parameter
a  Significance Level
x - Cumulative Failure Rate
r . Allowable Number
of Failed Samples
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2.2.3. X124 H7} Process
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Chart 1. Process of Reliability Assessment.

Process Details

. g ene Fix Reliability Target for Components(Systems)
Reliability Target with its Safety/Tmp
Make S-N Curve

olicy

Perform Life Time Test
@ Stress Levels (more than 2 Levels)

Estimate Life Distribution
(WEIBULL, Normal, Log Normal, Exponential)
Confirm Fitness for Life Distribution
Calculate Reliability Function,
Cumulative Density Function(Bx Life),
Hazard Function, MTTF(MTBF)

Analyze
Life
Distribution

Define User's Mode / Abuse Mode

(with Road, Whether, Weight etc)
Acquire Vehicle Road Load Data
Cycle Counting

Make
Duty Cycle

(Level Cross, Range Pair, Rainflow etc)

Check Acceleration Conformity
between Each Stress Levels
Calculate Acceleration Factor,
Inverse Power Exponent etc

Design Derive Life-Stress Relation
Reli ablllt-v Calculate Equivalent Damage Cycle
Testing by Damage Analysis
Estiy Life Time of Comp
by Extrapolation

Make New Test Spec.
based on Reliability Assessment
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2.2.4. Field Data
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Chart 2. Analysis Process of Field Data.
(By MINITAB : Reliability-Survival Right Censoring)

| Basic Statistics  [PETTEYS
Ba a JIE S8AHg EM

: Field Data 2| X gr&t
> 22X 3H

(H2AS/AD SN

: Field Data o = &st
+ BHO SRNFEES/
Reliability Function/
Hazard Function S Al

D bution Overview

: Field Data 2 =& &t
=% Z 2| Parameter
2 algld M =3

2.3. gAY 4 AH{=zA 3

Table 1. Decision of factor and level

o X 1 (&) 2 (New)

1) Cable 2 A2t | 90& 75%

2) Holder %Xl 2"9MTG 2"MTG+50mmUp

3) Grip Type I-Type Ring Type

Cable Q! ApZH Grip Type
I-Type Ring-Type

2.3.2. E4&4
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Table 2. Test result of orthogonal array L4[2(3)]

&l ol Xt AE 2
= -
& | A)Cable | B)Holde | C)Grip - ~
| anz | rein | Type | EEF! | HE#2
1 1 1 1 150000 130000
2 1 2 2 900000 990000
3 2 1 2 250000 210000
4 2 2 1 120000 90000
Table 3. Analysis of variance (Original data)
f S v =
OI Xt e W= = Fo o
A 1 2.8el1 2.8el1 204.5 | 29.4%
B 1 2.3e11 2.3el1 168.1 24.2%
C 1 4.3e11 4.3e11 314.5 | 45.4%
e(2) 4 5.5e11 1.4e09 - 1.0%
S 7 9.5e11 - - 100%
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Table.4 Analysis of Variance (S/N)

QI Xt IP;E ES% _E\/& Fo JE
A 1 56.6 56.6 2.4 15.2%
B 1 23.3 23.3 - Pool
C 1 139.3 139.3 6.0 53.0%

e(p) 1 23.3 23.3 - 31.8%

A 3 219.1 - - 100%
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2.4.1. Field Data +4 (Weibull Analysis)
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Fig. 1. Weibull analysis of EAS-Frt field data.
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Fig. 2. Weibull analysis of ECS-Frt field data.
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Fig. 3. Weibull analysis of EAS-Rr field data.
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Fig. 4. Weibull analysis of ECS-Rr field data.
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Fig. 5. Weibull analysis of EAS-Frt field data.
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Table b. Field Data-Lab data correlation

scal Corre\at'\gn Corre\atié)n

cale : Factor by Factor by

No Data Parameter B5 Life Scale Par B5 Life

[Cycle/km] [Cycle/km]

Field

1 EAS—Frt 132,546 22,584.77 0.747 0.737
Field

2 ECS-Frt 275,034 48,244.36 0.360 0.345
Field

3 EAS-Rr 265,001 20,251.43 0.374 0.821
Field

4 Lab-Data 99,039 16.635.28 - -

Chart 3. Process of accelerated test.
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2.4.4. Reliability test design
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Table 6. Damper strut cable reliability test design

No| part Reliability Target o, S
B5=byear -
1 EAS-Frt (WODJme) CL=95 74,720 Cycles
B5=byear —
2 | ECS-Fit | ook CL=95 36,010 Cycles
B5=byear -
3 EAS-Rr (WODJykm) CL=95 82,144 Cycles
No Part Sample Shape oS Test
Name Size Parame nE Cycle
1 EAS-Frt 5 1.68 0 320,000
2 ECS-Frt 5 1.71 0 160,000
EAS-Rr 5 1.16 0 690,000
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Table 7 Test result of orthogonal array L4[2(3)]

e o X T
. | Acable B)Holder | C)Grip | o | wags
ARt X Type
1 1 1 1 150000 | 130000
2 1 2 2 900000 | 990000
3 2 1 2 250000 | 210000
4 2 2 1 120000 | 90000

AR2RY NAES AP HEE WS
ALS & F vl = Graph6 A A F
F2 ANA & FFA U nFFHel ois
Weibull #4124 3oty 2447425 MTTF

A B R S
gkol 157693, 3284993 = & AreF oi®] 7 84
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Fig. 6. Reliability analysis of components improvement
befor/after.
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