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A Study on Accelerated Life Tests for Magnetic Switch Used in Distribution System

Haeng-Soo Ryu*,
LGIS PT&T*,

Abstract - In this paper. accelerated life test
(ALT) models and procedures for Magnetic
Switch (MS) are developed and applied to
assure specified reliability of the products at
development phase and guarantee the life of
the products. Magnetic contactor that functions
with over~current relay is called MS. Magnetic
contactor closes and opens the motor load with
ON/CFF switch of electronic contactor. It is
also used for protecting and controlling the
load. Magnetic contactor detects the
over-current flow in the load with a
over-current relay and disconnects the load by
opening its control power. In this study, ALT
models for MS are developed wusing the
relationship between stresses and life
characteristics of products. Using the ALT
models, we performed life tests and analyzed
the tests results. The proposed ALT models and
procedures may be extended and applied to
testing similar kinds of products to reduce test
times and costs of the tests remarkably.
Finally the results of this study will contribute
to improving reliability of products and
strengthening competitiveness of our products
in world markets.

1.4 £

E =32 uHASAA 2ol AgH1 g AR
H71(MS) el A FRE AT AgdAdAde A
H3 8o AFY $HE B3E Aol oM
ZtEFRAEYge g B Age 2% Aotk MS
B AP EFI(MC)S AAT(Relay)d] 2Fe2 F
AR, AAPE7Ie 2E §e R&E 2A/AAAN
PozH REE B3, Aose BHoz ALHTD
AR e Fato] dFol e AHFr 22Y oF
At ARFEZVY 2FPLE A9AIe 488
gk B dfede EEAQ Yoz Hoskd
AF Ao FEEXY F-2EG 20 FA oA
NEsgAgedE AEstn o] mdd 28 s
NEZRE 2N, Az doh B 7438 3§
F AF e FAAEe] MY g BEFosH
AFe FHEF AP @53 A AP £
W& dzisln], Jolrt AFY dEY BE ¢ Aaed
A% BAY FPx 2A 719 E Ae g Aggd.

Gyu-Hwan Han”,

Young-ll Kwon
Chongju University

2. Magnetic Switch

B =8 maste sssHAd g4 M8l
A =47H 7)ed %Elt: MS9 FZULGAA)E 213 13
23 99 Al e AAZE veld FHold, Azl B
ol vlo}zro] "*zHﬂéﬂiMC)Q} A A7 (Relay) 7t Al
2 A¥del shie ez FASAY. AAFAA
(Overcurrent Relay)ole FE¥(Thermal)® Axb
¥ (Electronic)el gth.

29 1. Magnetic Switch®) FZ (LGAR)

3. FYUREY JISAME 29

AHY Bopld F2 AMHEHE FYEER
ol 82X, 23 FFFFERG

3.1.1 1

AFEE,

=8 Z (Exponential Distribution)

ANeBEE 284 ok 714 de Adde B
olm AgAIZ e whEl vlEu FEU) Qe nAECl ¢
AT By 9] A-EEE ©WEY, EF TS B
Fo7 ool Ala®] AEY FUE AFRIE g2
v Aoz 284 Udd. AFEEe ZSUFHS
(Probability Density Function)® &3 2t}

AD=2e % B0 ‘ (1)

- 536 -



3.1.2 9tol8 2% (Weibull Distribution)

ol Be deCires) avse
A% ge pEed go
> gAlg FEZ 45
itk =@ 7% woly
BHF 47, FIYH,
S5 EYD BE AR SES +a
$ mat Aoz daA Uk sl EX
& oew 2o

_(-tys
00 (@)

3.1.3 tisE2xZ(Lognormal Distribution)
7ol 221 3 InT7 FAEXE W& o, #
H Te ds3dwEEs d8dn 3 de3dEs
Al there e f’;-— Zk7] wWEeo] B2 #3899 dolg o
A g oz ?—17‘4 Adct. AE €9 5% H24H

01‘1} A7 ’.‘é““ﬂ«l ool g Aoz 1]" AR S 3
Ak dEFFEEAN] pE 2% (log mean) E
= Y9A%24 (location parameter), ¢& EI1EFH
a}(log standard deviation) Bv dE2fgdax ¥
2tk InT 7 W@ol g, EAl o2 FFREE @

g o To $EULFEE EH Bt
1 __(anz:zmi
R =5—e 20 (3)

3.2 FH-AEHA B

AY deleldl ATE B} 45, ade sxi
4 S5 SUSHY BAT FY. ARG
gryold BFFY, 95y, AdE, 2
dch A%, Sholi, Eﬂrﬁﬁ‘—riﬂw #2 AgH
2o,

, —%/\JE 5%
o AYNAES £ 1

_t._l,

L& 1 Hxet FEEAES BA
K I ErS Zy A
— >3 * 4
LA ; e
! 4]%-(Exponential) A AFEYMTTE) 3
4°] B (Weibull) 6,8 qge4 4
| e )
| {l.ognormal) #,a drd e

3.2.1 olgl{A(Arrehenius) =8

ol ¢ B 2dde EFx ot s
(Arrhenius) 7} 21]°"?} 2z} whgEe wA (4
% oux, 259 ¥ -—»—5.4 AN NAM =&EH U
ol fuol wkg-F9o 5o vl grhe WEoldh

:

L(V)=Ce V¥ (4)
L Aua sdav(4d349 .3
Vo AEHA SEEDLE)
C. B : ZHsiet & 2de] 24

Z% 49 characteristic life )

3.2.2 Eyring 2¥

olely zHe
Fzz d-2EHA
59 = 5 ¢

ARSI RE £EHUeH 7}
(£2)8 A8ste 49 72 4}
ojgje] sEdxol HANE AHEEY

4 ik,
_.B
= L, v)
1 _E.
= —VCe (C=e %) (5)
L: 3% sd&c(¥ 349, 3949 characteristic life §
Vi AEHA -?‘7\'_:(-9‘5)
A B : ZFdel & 2do 2F
3.2.3 d5=2%(Inverse Power Law : IPL)
Qeude A% 53 2ol 7= MY A4UAE
483 29 e
L=

KV" (6)

L: 334 942 (4259 .$%5% characteristic life %)

Vo

4.1.1 8

(1
(2)

4.1

(1)
(2)
(3)
(4)

4.1

(D
(2)
(3)
(4)

- 537 -

3

2EHA £E(RE)
n: 2ok & 2do 2H

HAE MA

Bat7] A durd Az

A/ AH

A28 (IEC-300-3-2 718) A8 2EH 2 4
3% A, FQ 1F L, FQ AEYHA B9
-Field Data 314, FMEA, QFD, n34Eg

238 ~Emg~ AA

4%, 34, FMEA, FTA
F8 ~EH 2~ 2 HY
AtEZ2E AEY A FF
2Ed & &gy
~-Constant, Step-Stress, Ramp

YEE 2 7% 29 47

4
e

FHEE A5, 9—}]% AT, 71e
7tsed : ol A, JAFAFZ, otoldg
e ed A5 7}——‘.‘1“'1‘. XA T
dele #iMw¥ : 28 =, MLE, S/W §



4.1.4 7152848 54

(1) 22 £4 4%

-2Ef A BA AF 77, 71534 A ©
(2) MEd 2% Aoy HAE, vE, A 28
(3) 4&% Wy AEY WEA, FFE o8 gy
(4) 9FAE Al HEY FAhde
(5) B4/ vl1¥4g AY, Censoring ¥4
(6) AEAu] 2, Argq, dolg 715

%

4.1.5 7k&A1E 44

(1) Ag3y 34
-3 3, 453 Ay e wedd, 3ds
(2) N388% FE
-HARFEA, 2 A 4E 2d, 2%, 2
T 945
(3) ZELY, E&%, diolg 715 %
(4) Pilot A%
(5) Ag. diole 715

4.1.6 N84 {4

(1) 4L A% s/w, deolg 7|84 HFEXNF &4
(2) A1Y dlolElg An} 24
~ol g3 set, DARETL Field AlBAEs 94
sert?, ¥ Age A4, 29 4= 43
(3) Hielg &4
-t R stelvle 23, stgAe AE S 2
3 5 33, AEY JA A §39E 83
(4) 2% 2324 34 2 2% 4=

4.2 3Z¥el W IISAHRE NH

AR SR AEE AAsY] ol#dd  Field
Service Data £43 FMEA 2@ nZsA4 L &
8 #9FREE FHsta olE F8 2= @
e F8 A% ¥ E4AE wadsigd. o] A=
H 22d APYER BESFY/FE4AE B 294 2
oo #o FelE Uk APYE F AVNH F9Yo
S A= 87HE MY 388 $2540l=2=
ojd] W¥ &Y AA, N8l o ARE
Ao

£ 2. NY9EN BRyEs

Nd %% 284 2

EREES

o

A7) RS9 1000 ol |BAARE ArhEed A 9]

™~

ZIAA Y (100098 ol 2Rz W F48E A %

(28

AdAY MR A Fe BaAY 24 X

o] AjYel AMS-E vl 1Y 29 Zen, Alg 24

& JNANIE 1,2002]/Hr, AH8& ¢ 25%944 37 A
#2 500,400,300,200% % 7t&3td Ajg3c. o
AN 2t FEAYGAM LdE 4 riAA g
o g8l HE £ YAFEe Ao FodRD 1P
% F71% Counterg 94 g &)
ZUY e 4L g

ey
ks

2382, 3713 F3A84(LGYHE PT&T)

5. Alejld
5.1 Al Data

MSel FHEEZE Zol7] 3 AAAE GA
oA gHE AF 61E Random Samplingsta] 7}
&g AE S AAEAT. MFA G A28A, 3
RN, BREAES B AR E A5U”E 4469
on si&eES AN ¥eS Agsln Agdny
HE 133t 65A, 52A, 39A, 26A9] 4%Foz
FeAct, 4 SEER AYE 238 g9 ¥ 39
AEsigcet. B3Ug $£Xe BZ2ZFH(Censoring)
g AFEE& Jdepdr
H 3. HEAY dlely

ZH&=d N e it s
2gEA 65A 52A 3%A 26A
1 5 19 610 51,000
2 i 32 634 54,500
3 13 62 931 (55,000)
4 18 65 932 £55,000)
5 42 14 936 (55,000)
6 42 155 4,500 (55,000}

5.2 A Datagl £4

MSe] rigFEAge B3 A3 LG Ae
AL AZHE AL oY, A 80¥d Fwd B
2 AT E] olFolF o, 90 °lFREE
ARG delo A dyed, 20018 F% LG
A AZANY A AH(PT&TIU AIAPNEAT
Qg e A Fold e @58 dugyd
o B AlgdAe AddelHE biges JlE5AE
Data ¥44 S/WE At&ste 35530 ¢ 2
Hog EMatga 2 338 BEXANE ALY 243

- 538 ~



o} viwsiddct, StgAlo) 9@ wAe 7Pé7£};§°]4
TUHFEE & 4 ok Aol %oy s/WE &

g iMA g gt MY dolH 2 ¥E *M‘J%
oRge] i@ F3FHel st "Wl oA
6-Sigma #Fo) o3t} 7igel] dzl BEEgHAUE
MINITABSY #$33Yo) 28 7144 B9y g
Hegate] 2xo] A4} $H-2Eg A FAA o
Ag st&dAYd 29E JESAG. =[A Pae
YL FFsre] Agg -r‘%'%"E" 43¢ ¥ 04
Se e WG 5QAAY AS de ¥EEHe 9
# 24 (lnverse Power Law)a Abg-sted vhaal g
dlelHE ¥4& B2 @,

5.3 £xo XN

MINITABAA EX& 38t dEd WUyez 3
% ##¥ (Maximum Likelihood Estimation)}
H 424 748 (Least Squares Estimation)©] 31

o] ¥ AR}E thgel 19 39 £AlEc

Four-way Prabability Plot for 65A-26A

LENT Eobmae  Cansanng Coums m Gorefda Fone2ia

Weibull Loghormal base
- . had .
K AN " A /
AL )
% 4 7 » A ./ H
A :
oSS i IS
Y { / i :
< A ‘!, ’; % 7{ ", ,' ‘
7 / s /‘ f' I !
i § . 7 f
R SR S S W m we et e
Exponentiat Noemat
- a7
“ H
- Ed - 1
b
. ’ e
" "
5= . iz :
& i .
- . P 'é
£ T ‘
2l ,
i
. onen. eniens S ke o on come Sz enx Mo
Four-way Probability Piot for 65A-26A
ML Estireatan - Caveonng Cubm 51 ossilA. garmsina
Weibuk toghommat base ¢
H IV ° /
¥ - - / / /
3 /f fe o7 /e
o 7 o " 4
A ¥
1% o 8 bloIm
H ;7 i3 i
VA 1 ] .
€ £
B :
H

=
R
AN
N

or . .
.
" ®
w // "
“ . ]
4 w
Ta , iy
S . £n
. , [
I3 B “
= o~ *.
-4 s
21 %5 ,

R RS e g -

a2y 3 229 ¥g4

Aol At stojd % uiFHT BE Lol F

dielelel HE§FS BoFn Yot AEUY AES
a2 5474 olR/488 el e AFcl=g nggol
APgAIRE) mhe) Frlste dHE det. 7R3 E
< Ze AEd FHEEEZ HEY 5+ Udv HEFY
BE} o] BEEY, FY AF A B4 +9

MY Hgo med ol BIs HYPE zow
Byong ¥ =RoMEe ol BIH ALsiod
ool & 48/l ¢

5
_/;:

Weibull Probability

“ ® 654

- i ! ¥ 5A

b / - * A

® R A ' & 28A

0 ! {

* » Shape Scale AD FIC
z » {
§ 20 b4 tlid4er 2 132 D
3 / P15 st 184 60

. . o 158 202 e

} 25851 56954 2947 24
A 40 t;” 4006 00 HOC00
28 4. solE FEA A4 ByEY

Jh& Al dlol e ) sfolg BXE AL 7 st
27 4 425 ¢ A=2SE 23S A0 4
o] 1E 4ol FolA grh. el sp&odxle}l stoll
X9 Hxr4oe] FAE Yehle stgndg F
&) fsiel § Wfzte] @AE AMTBAR
i, deed g HEstd BAG AYst a8 Sof F
olx slth ® 4% 10%. 50% #HEHs 2 Fxws
o #l2de 63.2% HEAST L fn feaE Ve
2 vt FuE 100% HENFE FAN AF F

100%7 2gte A4E TeT A% 4ASY
czA Yudoz 10% HEHSU 5% RE4t
Age nxs AALE 2ate AZel WA
1% WEASIL ASHAIE BTh % 10%. 5%,
1% S¥AF 85 22 ByB;B $3clgdaw
$Ech adEery Foase wAs 42 ¢
29 ¢ + A%, 1 A% 9e2do] HFY R

2 Az€d.
Relation Plot {Fitted Log e} for number
VR LastrdLine - M, Kshrates
e Cokames 1 oo
e e WGOR
:""t o i
000000 AN
. .. L‘\
trot <,
Bt
OGO adt A N
*,
s te N N
w
v RS AN
R
185 -] .
3
3
14 -
wn 0
curent(A)
ad 5, dend
4. REANS
. Standard 95.0% Normal CI
Percent | current {A) | Percentile
Error Lower Upper
10.0 13,0000 9405003;] 6114955 2630442} 33634223

50.0 13.0000 36BO61 671 23926041] 10294200|131597792

63.2 13.0000 47983758] 31652511] 13170392/17481%470

#e M2 RE AHFEA(13A)94 9 $HEEE &

- 539 -



ze 3 5 glon, o ue BARSs R AxRF E
& 7 § Akl E g 23 69 EASIH
Probabiity Plot (Fited Log e} for number
Wit Dsrtnoon - M Estimates
Censcrng Cakamn in censer

x
= H s
23 i =
3 [l
- ?
9. . Snpe Scik A X
0 B LB 31 M7 M
o / 1306 1967 200 30
2

Parcent

: / 136 RS LB 50
LE0 7% 256 89

-

FARR : / Cestn ke 7 130000
/ H / FER LOEAT

- o
VR
~. oy
~.
-~

1 R WG RO U 10008 mm.mmn‘uoa:
number

a2Y 6. AE2PAM Y FHEL L 25

9o E AF2RE FHEEY] dolg EXE I F
o ALgEe] FARSE 1.38080%, AZESFE
48,000,000t} o]} %e ZAI}2rE 2T
Bysme 95% A F3re] k26333 oj4geln
3.300%+3 bl @5 gitk. Bpswd 4@
95% Al ztel Al shgto] oF 263U 2, ole
A 2EZ P AJA $£9 10073 ol gE ¥
3 AL ol

6. 48

E =RdAe MSH B s&5$EE AlE dojHoel
& MINITABoIAMSl H 349 & &3t £43)
Hgton $HREIZE QOo|EREE, FH-2EdL
FAe de2de /MgstET. 4 Ade ddd
F 59 2o},

E 5 #4723

T Software
s 1.3808
AR 4 48,000,000
MTTF 13,170,392< p <174,819,470

w3 AgzA st&zAe AAE vlwste] sHEA
4 AF(Acceleration Factor)& 78 5 o 4%
BIE do|22 slgPonz olxS 17 6o e
T AERFE o]t 7 F en o & 6
of vebd Az A

£ 6. 7HEAF(AF)

teza (1) Aaae (21 19
Agza (7, 26A | 39A | 52A | 65A
13A 589 24,593| 347,197|3,706,512

ol E% & o A"sd, M3 5249 AFE &
d Aol 13 AH AP A ole AR
(13A)°14 347,1973] As A"se Eod7t Aoke

& oo gy o Ay AMPAIZIY DEolg
AAE ougc. Y9 Ade oA EX 3
MAze} ti Aol7t v Aoz JHRed 2
olfE A, HEAJ 97 XL HAirt EHRl
ot i FaAY F7F dx, EA, FEA o
A gulolE] EMe A% AEHA FFE wet gl
BXo ¥4n47 i ¥ile 222 JERov §
oz o3 AE 2EY L FF #AY] &
Angrl dFscts b del ol FolAr] WELR
Zolgt}, metd dAZ FEA g% EA4F ol
2Ed & &4 ue} Felngr Hite F+E 19
3 FIEAREAEY Y AFE BHdHoz Fad o
02 Zedn 45 YA

B A7 A3 go|d X derdd E £
MozRE MSH FAAFETG  ARE HLE A
S AR 27 FHT EHAS BHEEE 2
F At FF AP AFAAY ¥4 FYE vig
o2 AAH si&AEAAC o 44z MS %
MCCB(Molded Case Circuit Breaker)ol] #g 7}
&FPAA L AA, AAstn o 2388 BN £ 4
Aolth, EF FF dpdMe HEFES AR
2 (F19A~46A)8H st &8 £ dFoltt. &
A7ATRE A AT T FAAIES A APl
gadozH AF FEEF NPT d&H F
A Algu 4ol WE AZEHT, volrt AFe] A
Bz 9 Ao o3 AN Pz IA 7l4FE A
o2 Atgdo.

Moo 2

&2 E

)

ek

(1) Lawless, J.F., Statistical Models and
Methods for Lifetime Data, Wiley, New York,
1982

(2] Meeker, W.Q.., “A Comparison of
Accelerated Life Test Plans for Weibull and
Lognormal Life Distribution”, Technometrics,
26, 157-172, 1984

(3] Meeker, W.Q. and Han, G.J.. How to Plan
An Accelerated Life Test - Some Practical
Guidelines, Volume 10 of the ASQC Basic
References in Quality Control: Statistical
Techniques, 1985

(4] Nelson, W., "Analysis of Accelerated Life
Test Data - Part I : The Arrhenius Model and
Graphical Methods”, IEEE Trans. on Electrical
Insulation, EI-6, 165-181, 1971

(5) Nelson, W., “Analysis of Accelerated Life
Test Data - Part II : Numerical Methods and
Test Planning”, IEEE Trans. on Electrical
Insulation, EI-7. 36-55, 1972

(6] Nelson, W., “Graphical Analysis of
Accelerated Life Test Data with Inverse Power
Model”, IEEE Trans. on Rel., R-21, 2-11, 1972
(7] Nelson, W., Accelerated Testing -
Statistical Models, Test Plans, and Data
Analyses, Wiley, New York, 1990.

- 540 -



