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Design and Analysis of Accelerated Life Tests (ALT) for Small
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"Reliability Analysis Center, Korea Institute of Machinery & Materials

Abstract

Accelerated life test models and procedures are developed to assess the reliability of
typical power relays. The main function of relays is to control high voltage circuits by
operating low voltage circuits. The accelerated life test method and test equipments are
developed using the relationship between stresses and life characteristics of the products.
Using the developed accelerated life test method, the parameters of the ALT model and
lifetime distribution are estimated and the reliability of the relays at use condition is
assessed. The proposed accelerated life test method and procedure may be extended and
applied to testing similar kinds of products to reduce test time and costs of the tests
remarkably.
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B dyol AEF AAVE 3de FEIYe DC 5V, HHA £ #F(rated load)ol 10A
AC 120V , 10A DC 30Vel 48 AAZZ, AL 1471 den 28 F(silver alloy)o.2
FAH 9t}
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THE M4 LY FFAEA) AVNH £H2 HAgFHo ol APFEoE A

A 719 X47] A EAL A AF T Y8t AAHH, olF 1FZE fuse A&
Aol o FFHRUE WAFo o nAo] o] TAdE AoE WHHAY. AFAY F
+ A viEH2REY 12Vey A" ARt FFHE 9 AFE #HolE, ol R,
3¢ 959 59 FxE3(inductive load)dl @&t AFY A7) =21, 7] &% A £
Hog wAdE EYAF(nrush current)oll i AFY A77r £3FHoz +4 44y
F7tete Aex LA,

AA7Y AVNA FHd 9FE F= F8 IFRSE A F A7 d9. A¥a
(spark)ell o] 189 FXOE HAH oJEHe] AA /g ES AdsE 13y 3
=3 AFE A HH>o] mof £ FFH Ao Uv. 1y °ﬂ HAo AoldA, o AnlR F
o] Qlov oA 24 2 #H TIHXRA A ST g3 FHFol Hof B §F
7ol 7hd wol WAE AR RHEHUC TEpA dw‘?ri 2Ef 22 AAsdgeH 7t
ENFHAA Y 2EHAY FEL ALZAGA)E 2785 HATFAGA)E 2H35A Yo}
of 3t AHZIS HALF, ANFAZ, HE E ALY FHS 1 2EHES
F2 12.6A, 16.8A, 21.0AY 3"‘10& At go), £ 2EHAS kAo A F£F2 &
EHAE A F5 AAA dAFZFA A SH S Ad9sgo.

r-[n

<E 1> ANFEE Y ¥ A=
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1 | AANY 9| /i 113 o) | H73H Fag U7t A#H | o

2 |71AH 9| 100093 ol | FAF HAATE A7t M | x
3 | AHE &E | 40T ~ +70C | RBL o) gsioq &4 x
4 | AE AY 100 MQ Min. A F AIAY FF x
5 | 3& A3 100 mQ Max DC 6V 1A9] 2394 =3 x
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AR +F& B2ee AAY 2= AT FE X (power supply)E ol &34 12V
AgS T, 7|F UFo 22+ AdL HIFY e, EWXME 538 12Vy AL S
5Ve] AAAYLE ¥F o Azde AP FFIEE FASNIAY AAY +3(2F)
€ 7158 AojA2de <9 3> Zo] PCB7IHE o|&3ld 4719 AAIE FA Al
B + e 419 2 1% S5 € 2F 2 ARE IANY F JE UxEHo F
2, nZe] 2 9 32 o]dg dEFE FEAA(buzzer), HAZY AEFL AAY 5 3l
e Al 29, AAdrYg FEAY 5VE A7 32/CycleZ2 F5A 72 LZZEHE o
=l (feedback) 3tE Z221WL £33 vlo]AZ TN A(CPU)E FASET =3 AT
R2E BE3FY] Y3l BE 7T g dAd AAANED F e vAHES A2 U

TRV rerr s

RESET  ENTER ESC EMERGENCY
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Power Supply
(12ve A4 3F+)

dl & & ©] ¥ (7805)
(12V-5VE ¥

(34

Fd
—

A
el A7)

Z
R

v ' vee | !
AR A v
(Buzzer) < cPU LCD
(PIC16C84 (Display, Counter)
KEYBOARD —»
(Control 2=$}3))

EdAAH EdXx2H EdA2H EdA2H
(FE7]) (FE7]) (FZ71) (FZ7))
v v v v
RELAY 1 RELAY 2 RELAY 3 RELAY 4
I |

l— Feedback(i % 24))
— 4 4 POWER 4 4 '

RELAY 1 RELAY 2 RELAY 3 RELAY 4
ALFF AEFF AEFF YT H
v ¥ LOAD v
RELAY 1 RELAY 2 RELAY 3 RELAY 4
25} (Load) ¥-3}l(Load) 28} (Load) 5 5}H(Load)

<ag 2> 7t

FHAE A9 block diagram
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a8 Yg2EHolg F3 dA7A azz J A4S BASE 449 AA7 F
AR A 2ol AP EIE YEUE B AXNE RgET. =% 13 3
FTEAGZA A YA AFZs] 70 H“h} 74] A71E N2 AAZIZE ZAT F A
oz EAY A$ mgo] ez & Unx AAr e 59 AFIAFE A o)
= Assd 722 Ho .

DAY 2 R AAVY HE ok § FEQ AT 2Y Alzdg ug
g2 7o A¥ste 2ye gAdat A5 AAF5A2V 0W NADe AL45E &2
ZE R AEaA A8} AZVNE AL AFEASG 12VoA Y AF{ AR F
A8 B A7 42A2 YElxton, o|E HEE A3 126A, 168A, 21.0A9 AFE
NANEE FA3A T

T duoinie & FF3 wAE AFI AFC] flo] 2eXAE I AAIAG. F
3 9 FEHYLE FAFH MY TFZA(3BOW 12V 26A EA} : power supply)E& HE=
AZAs 12Ve] BAALGT 100A o] 22 AFE TF8A.
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3.1 Al¥ DATA

ZbEA G s AR AFHY BE FHAE HUhEr] A8t FAFAHE S AE)A
A g4 AF WAE A9 AEIs] TMETHE AF ARE AREENT. S FE2
12.6A, 16.8A, 21A9 3FE2o® ddod 4 FEER 304 A aE Agsd nFAZL

(Aol E)E #E3deh. 2 2 <F 2>9 ZE HoHE Eden BF A=Fddo] Qe
2A d) o) Bl (completed data)& T3¢ ch.

32 7t& A1 DATAS #4

() 229 AF{AH HE

MINTABS Alg38te <29 559 o] sl A dHolge Hgsd Bys AEsAr)
X HFAE Hetdle HEE Anderson Darling(AD) #%& AH&3t%ch o] AD#e
Mzt A BEE AR oE B 3 2 AFAXE BustE AR Az F=o
AF FHARE YAOT T4 BIXZ AFARNL A ADFol A Fe e =
X7 7HA AHEgsoE AL oot <29 5> FHWEXe HFAH AE AFJE
Weibull 227} 714 H@3ES veliz i

i
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<E 2> tE&F

HAE dHelH

7+52A 37 A1ZF (Cycle)

! i 210 A 16.8 A 12.6 A
1 7 332 3,642
2 23 365 4,582
3 39 521 5,237
4 51 529 5,932
5 69 663 6,647
6 73 825 7,245
7 75 1,067 8,623
8 76 1,249 9,632
9 78 1,756 11,194
10 81 1,950 12,468
11 87 2,021 14,345
12 88 2,177 16,353
13 91 2,197 17,584
14 96 2,652 19,883
15 106 2,756 22,346
16 116 2,771 24,116
17 123 3,102 25,387
18 137 3,520 27,554
19 142 3,714 28,754
20 161 3,900 30,027
21 162 3,930 32,763
22 180 4,537 34,221
23 182 5,326 37,797
24 199 6,267 41,862
25 227 6,558 44,324
26 240 6,618 47,742
27 283 7,121 49,865
28 313 7,616 54,539
29 369 9,129 65,208
30 484 9,865 79,076
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Four-way Probability Plot for Cycle
ML Estimates - Complete Data

Weibull Lognomal base e

* 126
- 168
¢ 210

B 8833888 8
!

Anderson-Darling (adj)
Weibul
0.534,0.574,0.752
Lognomnal base e
0.729,0.873,0.826
Exponential
1.290,0.992,2.033
Normal
1.026, 1.180, 1.619

Percent
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<2 5> A3

(2) FHEXY B4 4

Weibull 2 & 3 &3l H¢-FAHE 7 7t&E 248 4 E T (shape parameter)2t 3
% ¥ 4 (scale parameter)E FAIIFATHKIE 6>). SAERFTE 126A 168A, 21.0AdAN Z2
1.4083, 1.3001, 1451402 FAHP oW, HEREF+= Z+2Z} 28960, 37915, 169.7982 FA 5
Rk, =G Z FMESFEAMY JE&77F v L3 A UdElY 3 gley, oy 7 F£EolAe §
FRe el Fdslol e EAERE Y A E GE5FE Lo

o] 2 FQlaty] 9 M 2EHAFENAN FARS G dFd AN AL AAsH.
TEo ARG o 2AXNE [, 281 & 29 FARSF 2HX ¢ 1 BAe 47
B, Vet & o #A EAZe

Qz iﬂ (1)

1=1 H

oz, ole Aoz AFE 24 FOIAFEEE WEG. FrolAlE FAZEAAKE 3> F
%) p-value 7} 0.8542 4 A FEAA ] YRS} FLE Aoz Yeuth
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Probability Plot (Individual Fits) for Cycle

Weibull Distribution - ML Estimates
Complete Data

21.0

: Shape Scale AD" FIC
7701 1.4083 28960 0.534 300
¢{ 1.3001 3791.5 0574 300
1 14514 16070 0752 300

Percent

<E 3> FARF A 94 #ABEH

Chi-Square o
angAm | THE | pvele

0.316 2 0.8%4

(3 7t& a9 g
A7qE AR fAE P2 B =2
AN AYATFAAE A48 5 Qe
AEsEARAEE BASAT
&AL Weibull 2E9] HERSFshe] BAE dehls 44292 485 5 95
R 2Ed2) BAE A BANeE YD <29 >3 2o

FEHE AU ntavE 2916 4F A4
o A=
2

<2 3 (Inverse Power Law Model)& 27 &3}
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Relation Plot (Fitted Log ¢) for Cycle

Weibull Distribution - ML Estimates - 95.0% C|
Complete Data

1.00E+09 ¥
1.00E+08 T
10000000 I

1000000 T

100000

Time to Failure

10000 -
1000 -+

100 T

10 ~

: 10
Current (A)

<a2¥ 7> 42 e BFAZG DAL BA

dEerdidAr 2EH2 VE 9 L(V)Y BAE

_ 1
L) = s

()

g ol @AY, ¥ dE HAs%HE WLV (V)= 4 Q) o] HygaAst
3E ¢ F dv 9714 vV A/ AVAE, L(V)E dolE BX9 HERSFE Edg,
Fuz A5Rdg HEH I ASANIRLY o2 AN H g WM E FnERD
(5], [6]1% [71e1 A =kA& o5 Qi)

In(L(V)) = —In(K)—nIn(V)
(3)

o] BdY B4 K% ne A$FAUE AHgRel FAsAT
<3y 7>9 TYZZRE T A4BY DA AY AW VERE ¢ 4 UL, I 2
3 qsEde] ge ez And.
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<E £>E AE2A BT 42A% WA &3 10AdA ) 10%, 50% WEAFt FEws
o AFshe 632% VEAFE A7 249 FHE Y Aotk AL2 A 424004 23
deo] B yFgol thE 95% NP &3o] 62,920,284 24 o]y M EXHAY AUFH +£9 11

w3 o4e R BEPe Aut adY 10AdME Boswd H$ 2Azol
53433848 24 1193l XA 2& el gl
4) +HEEY 259 57

Weibull X 714232 952P S H L3t FFZAULV 4240)0A49 FHEXE
<2y &% 2ol AR

<E 4> AEFEAMY HEAT FF

(¢)
Percent A/ (A) Percentile 96% Normal C1
Lower Upper

10% 4.2 291,677,673 62,920,284 1,352,121,427

° 10.0 53,433.84 27,261.30 104,733.6
0% 4.2 1,515,696,420 338,758,705 6,781,628,341

’ 10.0 277,667.7 155,542.7 495,679.9
63.29% 4.2 2,088,008,927 467,570,108 9,324,337,038

o 10.0 382512.4 215,698.5 678,334.6

Probability Plot (Fitted Log e) for Cycle
Weibull Distribution - ML Estimates - 95.0% Cl
Complete Data
L] 126

168
210

Shape Scale AD* FIC

1.1431 38652 133 300
1.1431 22278 7.19 300
1.1431 24355 293 300

Percent

Design Value = 4.2000
1.1431 2.1E+09

1000 10000 100000100000€000000000E +0BOOE +0RO0E +1000E+11
Cycle (% %)

10 100

<2¥ 8> AHEFEAN FHEXSG 2 FAYE
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<29 8¢ S5udd 9% Ah4ol 4YPoz $UT YHREL GFe] S
= % AgsFANMS SYLEE FBAY =ASL 4 25E FAF ot FEI

FAES gol B = 1.14312 FHHJen, &4 2Edx FEH JEEFE T =

38,652, M16.84 = 2,227.8, 72104 = 243552, 231 AMRFE(12V 42A)0 A9 gAns &
AR b2 114317 2.1 x 10832 FAPUAT. d7A T2 ARS e 9%
2 selA Al £E AGUCHZRY T J9FAFgeEM, R BAE 29
#A %3 @A AFEEY APuelHRoz FI YRS g FYNEFE ta g

A7t dolFL & & Yo
TE FARSF o] 18T AdE AL = 1.1431)2 AANY Ao A7ty 7
o] wi Frlete FHnAE FF9 dHE AL £

4. 4
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2 a7 1“ AR A A #F FHEAHS WE A% Hol d&37] A3 3
g SEEE 2 7MEEE S St h—’F‘*‘*]%‘ WS dAstn 7hEAE ARE Y

off, ©
M
)
O

stk AHEEA AT 42A4 9 Weibull 259 BpyTHEE <E 5>¢ Zo]

FAAA.

2 » 2oy 95% A #T73
584 st A

¥AES | 114313 0.97913 1.33460

AERES | 21 x10° 0.47 x 10° 9.3 x 10°

B+ | 291,677,673 62,920,284 1,352,121,427

NE = 1.0000 0.9999 1.0000

FH HA &3 10ANAE B yFHd S FHZol 53433843 24 11330 mixjA] £
dte Aoz Jelgd. duty oz AAY] AZRGAAAM AT BREFYL 59AHFH
BYEA BE AT AFFEAGRS AR elA) £3e depath 2eu Py =
], EdA, &g xols B AA AAI ALHE 849 RedAHe 47 & Hdig 2
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N9 EAAFI BAKBE oug AR $BL AZGANA AT BEFIRT WA
w59 Fud gok HAA 4A ASBFANY AR £H¢ BB 2R AsdAE
A ADsN Y AFRF, F Rakel TR BE BYAR 4YF 27E FE v
of F&AEE AARL, 1 AY ARZRY A7 AAYE FisE Ao FasTn
sHAch. -
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