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Proposal of Accelerated Life Test Method of Inverter for
General and Military Vehicles

In-Hyeok Jang' - Jeong-Ho Kim' - Jae-Pil Hyung' - Hong-Woo Lim' - Youn-Ok Choi’’

'Korea Testing Certification

*Electrical Engineering Department, Chosun University

Purpose: In this paper, we propose a test method for evaluating the life time of the inverter which
is one of the main internal configuration systems in order to evaluate the life time of the power

supply for the vehicle.

Methods: The performance and failure criteria required for the development of the accelerated
life test method were established and the Taguchi method was used to derive the stress factors

affecting performance and reliability.

Results: The major stress of the product degradation were considered to be high temperature.
Conclusion: The acceleration factor was estimated through a two-level high temperature test and
a test methods was designed to guarantee the accelerated life time of the inverter.

Keywords: Power Supply, Inverter, Life Test, Vehicles

1.AZ

A2 A7 el X AR e A7 9 771 o
Fal Aol weh A9 a7k S8k 9lom,
ol Ut ofe} s gl = SrkshaL 9l F
AOIEH1). B3 A 7§ AT HAA A1 44 A
7\AEAL FAAEA A2 B 8402 gho
29 437ksde] 71t == Akglolt2). ol A
AR £87) SR UE LA
< 14T R ES UTY RS 27 5
Al B Bl 2 Hol 84

(o

er

uk 7129] [EC 30721-3-5, MIL STD 810G, GMW 3172
59 AFE AdrEno s £ 3rlel)z}
el m, 1 Yol e ALFA Y FHH Lol
st 257} Bol BES Adejo|t3]. £ A8
ALAAE W3 AHHEEDCAY 35), SIHE
BEAC AY9EF), MCU ZEA2H o)) 5o
o] o7l AJAEl FxEN FHS Hst7] HsiA
= WA AWE, QAHE MCU 2§ 2479 997}
7b o] T % & AA AR ALZR] o] HH I} 7}
Stk ool ATh4].

we}) B RN Ag HARA S S5

i

t WAIAAL yochoi@chosun.ac kr

2017\ 59 249 H4 20179 62 169 FAE A 20179 6

4 199 AR 4.



In-Hyeok Jang - Jeong-Ho Kim - Jae-Pil Hyung - Hong-Woo Lim * Youn-Ok Choi 137

Al A WF Fo 74 ALE F s W E ]
TR BV 7HE TR A AR S Aldst i 7k
TRAGH NS fd) e e 3 1 B4
T2 TFHNL AT R A FFE F= 2E
2 AkE =257] flo] oAl B4 e 2853l
ds}e] FQ 2EH 2 QIAE L0 R Bl WA
Y AP S T3l 3tE FAAL AF THEF
He B3ty A AIRAEE T8 AT

2. 71550 A At
21 AP EE 13

AFE Aol AHEE AFS AA Get 3 A

59 BAEs AAYE 12Vde, €AY 220Vac,
S00WE, 27421 60,000B5)A7ke] kg AQH
219 Q H’]Ei AEFE Udoz /\]fﬁo}ﬁ‘:}.

2.2 39 A g2

<Table 1> A A| &2 A Z3|ARI Sjitol A Al
3 HlolEE ekl AoE F8AFe 95 2 1
o Foadde 2E, F5, Fotsd 59 AR

Table 1 Major failure factors

Major Failure . .
Major failure mode
Phenomenon

No operating Temperature, Humidity

Output change Humidity, Continuous operation

Etc. -

Table 2 Environmental durability test conditions

Temperature Relative Test
No. . . Load .
(C) humidity(%) time(h)
1 60 70 Load 600
2 60 90 No load 600
3 90 70 Load 600
4 90 90 No load 600

7HE AR AR A ERUTe Fd

1 A7} <Table 3>3 2o] AIHEY ZHHe
W3HE 1819 1 A3} <Table 4> 2o] )5
2, 2k, 5% T2 AlFe Aot 9% F= A

< 90C, 70%R. H, Load >
Fig. 1 Pictures of the environmental durability test

< 90T, 90% R. H, No load >
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Table 3 Inverter output change

T t Test time(h
No. empoera ure Relative humidity(%) Load est time(h)
(C) 0 h(w) 600 h(w)
1 60 70 No load 533.315 542.43
2 60 90 Load 502.650 500.6734
3 90 70 Load 505.741 503.790
4 90 90 No load 534.775 546.98
Table 4 Response table to Average
T t Relati
Level em(peecr;i ure humi(;itl}j/(ef’%) Load Average main effect plot
1 519.8 5213 539.4 wf o b ]
I R
2 522.8 521.3 503.2 J‘
Delta 3.1 0.0 36.2 S:l‘ : ,
= )
Ranking 2 3 1 ol &
WA AEZATE R AR Qg4 U
JA ALE 2719 7|F 25 & <Fig. 2>9 20| 4 N
A &5 o 71& - Fg‘29+ ] 2.4 LA A 7F &
& e olX e A & A4S B ARk
AHE W Fell 3709 25 AMAE ARt F7F Y AR LEZXAL AF9] 90T o] L2/
g 9 FEE QU A E 25 A B A6 th} Protection 71%5°] A< %}10}&] 90°C Z7°]
o 227F 83 g W7kA] A1 S Z et A2 o= 9 W] 7SS 18l <Table 5>9F 2
& A 233009 T3 RS AAsigit 344 °]70°C, 85°C F 7HA 2ellM 7 374 A8 2 A7)
I AHE ] AR 210 e FB3TYE S Stk F3EDL Exponential B3 7HFHT

Fig. 2 Inverter operating temperature

Table 5 Test condition

measurement

Item Test Items Test methods Criteria
@0 +£2) T
Accelerated High temperature () ( ) . o L )
) ) (2) 85+2) C Within +£10% of initial efficiency
life test operation test

(3) Rated input / load
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RCPEE
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<Table 6>3} 70 C, <Table 7> 85°C <] ZA A 3
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Table 6 Test result(70C)

- Change
Test Measurement | Efficiency .
. No. . relative to
condition time(h) (%) o
initial

Initial value | 66.75511 100.0

150 66.39097 100.5
300 66.39574 100.5
. 450 65.2751 102.3
600 64.81814 103.0
750 65.01057 102.7
900 64.61188 103.3

1,050 64.50784 103.5

Initial value | 62.85598 100.0

150 62.93985 99.9

300 62.96825 99.8

70T ) 450 61.92306 101.5
600 61.94479 101.5

750 61.92194 101.5

900 62.92432 99.9

1,050 62.80437 100.1

Initial value | 64.08917 100.0

150 63.88226 100.3

300 64.50031 99.4

450 63.27512 101.3

3 600 62.72402 102.2
750 62.76631 102.1

900 63.83572 100.4

1,050 63.89463 100.3

327k A

OIHE ] 70T, 85C ZAoN A 117 AJ7hol| uw}
2 7140l AgsheA F-E MIMITAB &XES)
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AE8t7] el A= 70T, 85 TollA Weibull BF20] &
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Table 7 Test result(85C)

- Change

Test Measurement | Efficiency :
condition | " | time(h) %) | Claive
to initial

Initial value | 69.115 100.0

150 68.351 101.1

300 67.634 102.2

450 67.355 102.6

4 600 66.448 104.0

750 66.437 104.0

900 64.508 107.1

1,050 64.606 107.0

Initial value | 65.810 100.0

150 65.749 100.1

300 66.293 99.3

85 5 450 65.602 100.3
600 65.177 101.0

750 65.146 101.0

900 04.234 102.5

1,050 64.256 102.4

Initial value | 65.449 100.0

150 64.260 101.9

300 64.600 101.3

6 450 63.268 103.4

600 63.378 103.3

750 63.593 102.9

900 62.121 105.4

1,050 62.495 104.7
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Table 8 Failure time estimation(70C)

Subset ID | Time to F or S Stage F or S -
1 2,647.477 F g~ F
2 18,059.04 F
3 10,134.96 F
: . - - .
Table 9 Failure time estimation(85C)
Subset ID | Time to F or S | Stage F or S
1 1,455.782 F 5" —— L
2 3,729.993 F
3 2,103.381 F )
. o - m w . p

Table 10 Acceleration Verification

Item Chi-square Degree of freedom(DF) P value
Equal Shape and Scale Parameters 14.5912 2 0.001
Same shape parameter 0.659206 1 0.417
Same scaling parameter 10.8791 1 0.001
Probability for F-time

Weibull distribution-93% CL

ATL data—ML-Estimate
Py I f

tygl / . Temp
%0 g ,-' —— T
80 L al ) e —m- B5
I
&0 L / Statistica] Tzble
50 s ] f )
L9 /i 'I Shaps  Soating ek
g 2 rF JI" paramminspacamarne S0 Fl 7
g ® ’ o/ L1371 14704 36T 3 0
£ ’/r‘ / 27848 T2 3666 3 0
£ 10 / P f
;o
5 -t L]
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'
1 v i 7 {
10 100 1000 10000 100000
F_Time

Fig. 3 Probability plot for failure—time
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Probability for F-time(Individual) | Probability for F-time(Fit Arrheniu) fit)
Weibull distribution Weibull distribution
ALL data — ML-Estimate ALL data — ML-Estimate
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Fig. 4 Lifetime estimation graph
Table 11 Lifetime estimation
95.0 % Regular CI
percentage(%) | Temperature(C) Percentile Standard error Lower limit maximum
5 20 1,492,981 2,899,088 33,203.2 67,131,739
5 30 363,250 580,389 15,855.6 8,322,007
5 43 66,108.3 79,272.9 6,303.03 693,367
5 50 27,956.3 28,2543 3,856.62 202,653
5 60 8,704.85 6,821.05 1,873.99 40,434.9
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