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Performance Analysis of UPQC(Unified Power Quality Conditioner)
with Compensation Capability for Voltage Interruption
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(Hee-Jung Kim - Byung-Yeul Bae - Byung-Moon Han - Seung-Ki Sul - Bo-Hyung Cho)

Abstract - A new UPQC(unified power quality conditioner), which consists of series inverter, shunt inverter, dc/dc
converter, and energy storage, is proposed. The proposing UPQC can compensate reactive power, harmonics, voltage sag
and swell, voltage unbalance, and voltage interruption. The control strategy for the proposing UPQC was derived using
the instantaneous power method. The performance of proposing system was analyzed by means of the EMTDC/PSCAD
simulation and the experimental work with the hardware prototype. The proposing UPQC has the ultimate capability of
improving power quality at the point of installation on power distribution systems or industrial power systems and can
be utilized for the custom power device in the future distribution system.

Key Words

UPQC(Unified Power Quality Conditioner), PCC(Point of Common Coupling), EMTDC/PSCAD(Power

System Computer Aided Design/Electro Magnetic Transients DC Analysis Program)

.M 8

HAZ AYAR Fulg 2 vAYEsY AR T
o el A2 AYWEI nxILY 9 o8 EALE
o] MAFA HAR, AR ARA & LF9 v £3
Algo] ZUjstdAM MR EFEFE zgde T A2 A
HEA Ayt AAeA s AR (1]

AEEA At AL 77t viee 48" Aoz B
ol AAFFY vYste wE WHEAIGY HAAAGAA
7t Fo% BES XY Ao Boy, AYITITYA =
T nEAY HEE Lyt A FFaor & RoZ HQ
o, o]e} ZL Atie) I Fo i} AHFANMH o B
< #4977 AR 2 glth[2]

olgidt HHFA Aol i wFd BAY KA A
UPQCY Wi ¥ A7/ APz vy UPQCE o
R o2 wjAMd 2o PCC(point of common coupling)l <
A& ZE&HYU AZAYE e AL F JFE g g
Hoz UPQCE I BHIAZYE AF AMAHE T/
e PFHE TAEHY, A7 oA 2= dgEE, 12
Brygd, AEgxFAY & £9E F Joh3]M4]b6] 2y
71€ UPQCE AFHZ D duxAZrIE £Fsn QA
ol AP ARE Bl 753y &R Aol ¥

E & B Ak IX ERISN HLRE
T E @ B BmK ITX BRIEN # - 1IE
TE® A AEA IK BRIEN H#E - 18
B¥HT 2003 1A 228
B#RSET 1 2003 2H 27H

S -0 ot 2AERE e UPQC(Unified Power Quality Conditioner)2!

7Hs 3t}

E =FdAe Afdade AUAARr)S de/de AHE
7t A%E A2 UPQCE A3ty 1 54& £4% U
< 71%da gtk AgsE UPQCY Ao7le a—f-0d
g ol 43 =AY HHVIYE BEEH AAFAT6]
(7] €A7E Y718 A2 Bl EAste GIH8E, 99
, 2ZRAAAE 5& 4A ZE3NH, oo g FAE B
38 dARAHE T AN E 5 Uk B =84
Aol71sk AAN2E A5HF S A AFAM +4
I EMTDC/PSCADE o] 4% Agdolds} 2B5kVA £F9
ZEEYL Azse A¥L AAIAD

7 Mo

6 rlf ok ox

2. UPQCe #=

dukz e Fe 9 UPQCE 34 4442z FAHA gle
w, fAARY A A2 nxy g YAHE 99
7HA EARE RAste AE FEHoR stn gtk AF
Ave e Ag AF2 dFdHe] AYY ¥
B AY =A7I2A F3AsY, ¥ UHE & A2 ¥E
2 AZ4HY AFHAR FFA dd. oEHFE Fx9
UPQCE AE AdA dAse AY¥F Y, 12944F
2 A A, A2 F Ao 59 7S Zeth 284 o
e £33 AR dEiAeE A7 #A 2@
o a2y B =894 Adsis UPQCE 19 13 o)
A YA A7t DC/DC AWEE F3 AFIJaded dAH
o] gloy Hz9 +7tAA A HAAWEE T3 UPSE=Z
3l AGRALE 8§ F A FAY UPQCY A A
ANz 2AXEFY, Super Capacitor’t 71&3 .2 71548
U 2AxAYY A A9 €2 713 AHo FHg

YsaA 279



V|EAPWNEE 52A% 58 2003 58

Aoz 8 & dF]Mi Super Capacitord ql‘#"]*l’ﬂ'ﬂ
2 A8 A¥& QA

Ps.Qs § _lﬂ Jd} treoe

Series AF Shunt AF

oc/DC
Converter

a8 1.y X MEEHXE XK= UPQC AlAH
Fig. 1. UPQC system with energy storage

3. UPQC Mo{7} 4A

UPQCS Alole ARAE AYHEF A -2 AvH
Ao gFolr FEsiA gch 28 28 & =& AHEL
UPQC AjojA|2de] AN £5¢ B Fa 3l

Voct.oc2
OC AUNE )

i Vsabe fabe

| (EEE) vaxw

uPQC
controller : m«
: T
Series || Shunt | p e[ de-ink
Converter ‘1 = voltage
Controfler| | V' *2:7 | Controler regulator
................. IO~ e SO, e
lv‘ub.cl Il’u.b.c
PWM PWM
~——-+ Voltage Current [ —---
H Control Controt ]
Viase | : !
! - -=- lcabc
1
]

-~ : -» i
Shunt
|/ Unverter

O 2. UPQC Hof AlAH
Fig. 2. UPQC control system

3.1 FYYE T AAY

a9 39 AT AL HEVE ALE 3PAMN( Vo) 7
5 AR SAAAW Y o0t 2E ANGD B =B
4 A14-¥ PLL(phase-locked-loop)3 2 ZFAHSLY 71¥
Foe(0)@ AR, AV} WY AGRIME S
% AA"UY. 3045 0, o—fARsZ WEHE B
= 7189 PR AF(F = sin(o)% i “z= cos(w,))

A" PHH 2EAY( e

& T4 AT AAn BAsAA AU A8E FI
A Ve e A4y
& TPec AR AL $AAE G&n o Aue
o,

[”f»;]= - lvz[{” ﬁ;][Z’]
vy 2+0i i, =7 0 g 1)

li ‘i li
H-i
I
r

;

fil
ERE

Y 3. HAd2 Heg dE7
Fig. 3. Positive sequence voltage detector

32 H¥ W ES Ao

2 =89 31-8—8 g AWE = vdY 3o o A=
o wAsE nzy} FFE B A APF(Active
Power Fﬂter)%—l}i} AA A H3lo Ade FFENY] 94
UPS(Uninterrupted Power Supply)$322 ug + v
APFEa A HWEAseEE £ 48 o] E(Instantaneous
Power Method)€ 7Ite 2 AAld BAAAFE A2 4
3 nxu ARFE B EHPoR AT JAEAEY B
AL GAAF Hhol 3 o|Folxu, UPQC 49 &43%
Ag AMEz A¢ DCAY WEFS uAsyl A b
T4 daddd. BAV|EARY dAL Q=2 YEd F
glon, M2d HA A, HEANEHE APFEIE ¥
i UPSR=2 APt Rae dF3ALE Fg8A gk
a9 45 32 AWEY Ao EYEE RoFT)

[i‘m =—1—2—[ 'sa_v SB][ P+ _ploss
i‘c vzsa+v s8 Vg U s —-4q (2)
o g
—ﬁb--a-oi-»
=
Yoo Poww o
oby Ly
by
lepry L
oo bl o g |ty
o oo, [
Yobyl
' loomp p |
losmp g |
- -.—.‘_.---—’w*lﬁ}‘"ﬁr
Vg o Tromet. | foe ) 'ec ~

O 4. HE e AHOEIHT
Fig. 4. Control block diagram of the shunt converter



33 Ng v Ao

a¥ 5 AE AuEHY AdEYxE BoFEd JE1Y
He Fd 7l5e £ALES(Swell), 2147 3HSag),
Adunzoet 2 Ago) 3@ ddtd ojg HH3 B
date] Az AYLAEE FAE Rolg. FIHE A
FHEVZREH QUd AYYERLL o FHYd d=d 7]
FTARE dAvids, AUASG o128 ¢A A ABAHER
&3] ztol o EAdE AAALGECl B A AHHE
A A2 FAHAAD AAFY A 48 AdFUS
337 98 feed-forward# o1} PAIOI 71 & Al&3tTh.

*

v =l —v)— v *K+v, (3)
A7A, (Vo Vu)E 7185 AARE ALRATE zol7t
Roo, 4G Veo] BE $2E THHE RAYEE dohd
o},

el F—>
PWM Vib
Logic { ] Jﬁ’} >

i

OY 5. &3 ZHHE|Q Hojg¥T
Fig. 5. Control block diagram of the series converter

3.4 DC/DC iuiE 2| AMo|

DC/DC AWHx 1% 63 2& iz 7459 1A
A4 DC-link Atelel $4x)3 slch. DC/DC AwEHe
B4 A Buck R=2 F3o, DC-link Ao zZEH
Super Capacitore] VA& Aty ez AF3tn {3
B 7%e YD §¥, A2 £7AA TAANIE
Boost =22 F3se UPQCe #2 UWEs UPSEEE
TP ¥ F UEF quUiXgE FE

W

T T 9

I8 6. YUe FUsX| DC/DC HUE
Fig. 6. Bi-directional full-bridge DC/DC converter using
active clamp

¥ 72 Buck A%, Boost Alo]¥- X Hysteresis Ao

Trans. KIEE. Vol. 52A, No.5, MAY. 2003

B2 FA¥Y DC/DC AU HE9e AojgnzldFE& e
Hysteresis #|¢i% = Super Capacitor®] #AHH(Vcap)d
BUEPHA ¥ 2] UPQCAHOIZIdA Eoee PAE
€ #3239, Buck® Boostd|o] REE AIAPIRAY F
gAA, F3A 2 AL dASD JUAAZEGHNE B
F %}t BuckA ol ngEL Super Capacitor29 FHAF
£ A FAsZIYE 29H 2L Average Current
Mode ¥18%&& A4@t BoostdolgndEe £3144A
Al DC-linkAYES dASHA FAHES AHE TFEHAA
wME FEA4E /X719 Average Current Mode& W%
T2 AE33 PIHYG FZE AFFIZ ALEIE oldRa
o] FF Z(two-loop) AL FL AFE 3ttt

GATING

Compensatos  BUCK MODE

1_charge_sense PoM LOGIC

TRICIZE MODE

a3 7. DC/DC ZHHE{S MO EHET
Fig. 7. Control block diagram of the DC/DC converter

4. UPQC Al8d0|Hd 283 An}

Aetsts UPQCY 547 4% < 4317 98 A%
o #&3% =Zza3¥e PSCAD/EMTDC(Power System
Computer Aided Design/Electro Magnetic Transients DC
Analysis Program)& ¢} 83t AU AgdoldE +9
Fey, FIIE2xE 19 8% 2o

['l
}

@ 8. EMTDC/PSCAD AlgajojM 2@
Fig. 8. EMTDC/PSCAD simulation model

=Y ol i RAEHE U= UPQCWUNified Power Quality Conditionent2l Assi4 281



VAP WU 52A% 5% 2003% SR -

UPQCS) A Algaold LY& 34 4i8ez 74
¥ H2EYd ANANHE FHHE YUY A - 92 Ay
b 3BOVALET 8 Aolo] ddsol glem, Raze
NAY E4E dehis §54 Holos ARV $a% A
3 AYE2E F4Y AY¥HE FAGIUT. AA A
EAold AN 07 [sec] oln ¥E& IuEE 01 [sec]
oA, 482 AWEHE 025 [secldl SHFES Hojglo
UPQC Algdoldol A48 AAE J2A5ee & 10 1}
Bt

k1 1 AlEafold I¥e s2XHsp
Table 1 Circuit parameters of simulation model

BlaAs
AQAY 380[V], 60[Hz]
AedAd 2 0.001(€], 10[mH]
DC 32 AlgAH C1,C2 =11000[uF]
DC g3 71&A¢ 700[V]
33 v
gg C 40[uF]
oy L 0.6[mH]
Fg A g
¥E C 40[uF]
¥y L 0.6[mH]
wazd

thele 3R] et
R L T 20[9], 1[mH]
2y 33

R, L

29 9% UPQC/ A=2d $d89e 2%, 012 & 32
AWEHA J% NZRABHE RdFn Yo Aznzy
AAE 98 WLAWEIL wAY 2] wstd P
active power filter2 FZ§g HoFu glon og DC
Capacitord¢t =& o7} AFeA 4851 e B
F3 o

40[2], 50[mH]

| whHAA

SRR ETSARY
Rl

me
Dt LTI Y
anl MIHilHIIHMIIHIllHI!IIIIIIIII.u rrrrrrrrrrrrrr "illll‘llN""Hll|'ll|||lllb‘fllfé" G IO

I
l

[

l
:
|

|
|

i

(@) 8- XN

282

AY UGB L AHUR 3 W UVE U BN
Y Y

LE.J
Time (sec)

b) N2ME - DC Cap™ gt

a8 9. SSHHITH 2
Fig. 9. Active power filter mode

2 102 98 AWEI RE AAo InterruptionH
€ A2 B4 A UPSE=g APste Bale dFAY
FAAAE Y3t RS RAF 2 Yo

b4 1.0
4 FEVSE B

i
gl

0 il

- sl

e

009, T T Lk ] Lr

(b) ™A - E5i8 7
3 10, #2248 2=
Fig. 10. Outage mode

a9 11& 032~052 7oA ALALe d4E 44
40%, 30%, 20%9 &AL FHE TAANAE B+ AL
A FapAs UvE 2¥RFA}E RAFEO



Ina
Y.

'WWWWWWWMMWMWM

Wi **‘“"ﬂ*ﬂ"!"f‘“'

Rx
mae
=]

g eaawnmwm- BLIEE L8-1-4
Y

- HIH A i)
: llHlHHIIi!ilkliI‘! 'llU Hii llllkll'l|l¥ll Ml

[}
5" .Jlﬂﬂ L LE. 1
Yse s —gevsec

v i,‘ll»hdu;.hI;,h,n.{;,'g.‘l
(it
— — al

“Time (sec)

b) M2 - 2I{E EHTY

a8 11, MaHNe Sag 2=
Fig. 11. Sag mode

5.UPQC 43 =2gx 2x

5.1 MAAMNAH PHE

a9 12, M228e
Fig. 12. Power System Model

a9 12& Adsis UPQCY e HAZEE7 % 3=
dole] A A2y veld Aot Ay A ZA
ALD B ZA(RTDS), UPQC, DC/DC AW Y, Hatgxz 3
AEol gtk AlnRogXE £XAYZFE, AA T A1
€ 2ot 4¥g @0, UPQCY HE AMEE Active
Power Filter, Converter 715-& 3% A 2dnjgs A

Trans. KIEE. Vol. 52A, No. 5, MAY. 2003

29 Aol wal HAY BAFHE FHsY HEZo] AY
s@ge] TARE A% o A& YA ¥k DC/DC
converter= A3/ H o UPQCe DC-LinkZHE JUAE
ARt €343 AMe UPQCY DC-LinkZ JvAE
Waste 982 §u. RazE uAy, 4%, 283 uA
P31 MY F RSE ABY 5 e 238 Asid ¥4
8 maolNe APF7l53 M¥Rse AW @ APFS
x ge 71%1 BEAY RAVSS BAY + UEE 3
o £ AFRIE Fol AAste AN AHE B
g 5 455 sgich AgszAsE ¥29) 2

E: 3 2 48 3z2Hy
Table 2 Circuit parameters of experimental model

NZZ5F
AAAL 380[V], 60{Hz]
Balgg 20[KVA]
AEAHE & F 15[KVA]
WA EEF 30KV Al
DC A& 5,500[uF]
LC ¥UH 0.6[mH], 40(uF]

52 uPQCel +4

I8 13. & - HE olHE
Fig. 13. Series & Shunt inverter

UPQCY AZ AvEE &4 F2:eA A¥E 3 2Fo
DC-Link€ F#3t2 e FHE 5o Yo F Aol ‘¥4
He A3 SHHE Ao ¥ £ 4. & g AvEHe
Zpgel AE2 UUAVIE Alole]l Fu dF@Ho Ut Y
Anigle 29F A3AE 1200V 100A 28l FE QUMH
AM FQl 7ted AL FAde A At 40%7R oo
I F%e 8Vrms olth o @& HEA uEgE Agtein
AEAHE SN A utERY "y Cof FA=HE Ao o

S0l gt 2453 & 3= UPQC(Unified Power Quality Conditioner)2l Al 3 41 283



VWEBEMIE S2A% 5% 208 58

Fol V2+400¥ % 510Vpeakolth. Sagd A A, FBUHE Y
FEde] FAAA 224 AFE m2 Y %BETR Y B
Aol sbsEzch WA UvEE 34 dBRgA] PR =Hol
gled DC 2& AF UAvE 9} DC-LinkE F#3les ¥H=
Hol . ¥d AWge 293 AAe 1200V 100A 28
olth, AC &2 AH HeVIz A=g WEz da5H gle
o GAE AojE 9 ¥HE <AWEHE Neutral Lineol
DC_Links) $473< 4459 sich

52.2 34 Static Switch(IGBT)

Static Switche & 2¥8 24 Zd Fdz2 ddH ¢
ow UPQC7 UPS =2 %3¢ ¥ ¢ UPQCE T &%
natg Mdzoe EAE P8 A1EE) Static Switche
Diode AH7] Alole] IGBT Switch® FolA A&H AA
2 o] 7he3i

@ 14. IGBT Static Switch
Fig. 14. IGBT Static Switch

523 F -9yd -’?—‘ﬂ‘a‘!?}ﬂ 9 L-C Filter

478 bdrle 38 ¢ A7) 3718 W 343 wgdo
17101t AY wigdsl= A SKVAZ Leakage Inductance
7t 4271 HEE ARG dgdule 45011022 AR
AFY A 22 AR AdAE A8 H2y S M
AA Fzatr] el ¥ Wlyle Wy 111, 30KVA
9 Y-Y ZHAM 34 ¥gtslolth. FAI} yYHZFe SRF
(Switching Ripple Filter)& Y¥+#< L-C Filter & A48}
ov 7} gt L=600uH, C=40uF°lt}.

524 UPQC Aon=
UPQC Mo} R=% oql =z M4 DSP(TMS320CV33),

CPLD(ACEX1k50), ADC 24ch, DAC 8ch, Digital Inputs
12ch, Digital Outputs 14¢h, 3set®] PWM Gating signals2

F45e] 9t} TMS320CV33E TIH(Texas Instrument)A})
A7tel 244 DSPEA 150MHz¢ clock source® AH-83}v
instruction cycle 13.3nsecZ 150 MFLOPSel 4%£& 7t
o2 UPQCY A -¥Wd UHEHE A3t Z2a3& &
AzZro] F#3ty] HgEo, s 2l el 1.1Mbit SRAM
o] BAH glor 4719 & JEYPES Eold AHYE
2718 71X3 9. 2832 SPI serial Interface® A9 e},

a3 15, HorE
Fiq. 15. Control Board

525 DC/DC 3¢

a4 16. DC/DC TWHE
Fig. 16. DC/DC Converter

DC/DC BWHE SkW 42 E2 FAs o 3 20kWe oy
A A8 A 3z A ¥ ¢ Ak AvAE A
71998 A}4-¥ Super Capacitor: power cacheAl¢] PC2500
€ AR AL on, ¥ dYoA Super Capacitor
6071 AY dFdIHd N2gE FAIRADG ¥ 168



Trans. KIEE. Vol. 52A, No.5, MAY. 2003

DC/DC AHE Y ARAR T4 BdFEa gloy &8 HF
©.2 Super Capacitor 37t ¥494 glth
53 AHAEAN
1 - oy l
2.58 v | Pl
P_ref L
" 1
2 I ms ‘%ﬁ I v ﬁ
2.50 v f Wl
P_real 179
[ I [
250 (0 MM - oY - MYl
Q_ref T 1 Ll N
I . T &3 2H40% sag)
" o
2?535\, U Il
Q_real ] l a3 18. ZYeolsie Satny
Fig. 18. DVR mode
(a) HECIHE PQNF
IY 188 ALAYY SagA A EARFPE HAFH
T Ak 29 189 (b AoA Adel ZZ 30% sag,
2‘.23:, - 40% sag7t LAY E A9 ALAY A4, 3E 2
2 l WE 29 717 A¢s 2949 $¥L ek
258 v
fc_real
]
13.259 A
Is
4
5 ms 11
2.50 ¢
h
|
(b) HE I E]
FMR - MAUMF - RSN R B:4
- | R 1
Y 17. s¥@IHe S T
Fig. 17. Active power filter mode (@ M - SabRet & VdoH ot

& Static Switch 41 &
¥ 172 4E Avge M2 R diFd 43 el

I 9tk 29 17(a)E 71884 Ao ¥E Ange &
HAFI 71¢ FAFE FFIe THold, 19 17b)e

APF 7l5& $ASE 2 HYE e el S B
A AV AN
G;g
150 ANANDNNNMANANNNANN
Lw JPVVVV VY VVVVV
€
20 ms
2.58 v
Vde T ————— ]
P4
R B
(b) "ot
(@) MM S518 et =B AHE " 19 M UM A 45 oy
& M eH30% san) Fig. 19. UPS mode :

LM Mol et 2AEHE e UPQC(Unified Power Quality Conditionen2l A said 285



UEPNAXLE 52A% 5% 2003% 58

a9 195 AALAANY FARYE dEd Aot 34
AL 2sec T TAAES dAen, 1Y 19:)9 HYe
AR Atz 24 A AYEeL, $3AS, Super CapacitorZ
B¢ DC/DC converter7t DC-Link& 700VZ A 3l7] 4%
A, AR 24 A 24 Aeg A48 Y F IGBT
Static Switch 4% H¥& RAFH Qlt. 29 19 9
9 AY¥ g st vekd ByPojrh, BAA APF ModeZ
a9 HE <AWEIT BAAD T4 A AGAAE B
Baiol 38 Pl AYE A2 FIFPYL B 5+ 4
on, o] &£zt AYe) HEg FAFE & IGBT Static
Switch7} A&8A FUdd HAY Yu BYo] o]Fo
AL ¥ 4 9o

6.8 &

B =FdAe dAMzN A = de 4F 93
(voltage sag, voltage swell, interruption, harmonics)ol 3}
A& oz BAAStE UPQCE ALstn 1 3dels Ao
A g olgFoz BN o] EdE EMIDC/PSCADE
ol 43 A" FHI A E U, F=HolTHY g
FAHE AEHAU. 019 F& A FH|NAAE uigeE AY
FTF3X RTDS A4 Al g#lE, 2 -¥HE AWHZE T4
UPQC, H-33x 5& <88y d=nde Azsiz 43¢
AAEFT). AEEtE UPQCE 28 L 53 429 9 o
st A%AA WAkl sbgsithe e HAsgon, X A
BEZANA 7712 2 SR 233 E Aoz Uy
"t

rir

712AFATLE AFAA(GARLAE
-01) A7HZ F38 FAYY

2 a7
00

23

32 28

Ho

[1] N.GHingorani, “Introducing
Spectrum, June 1995, pp. 41-48.

[2] F.ZPeng, JW.McKeever, D.J.Adams, "A power line
conditioner using cascade multilevel inverters for
distribution systems”, JEEE Trans. on Industry
Applications, Vol. 34, No.6, Nov/Dec 1998, pp. 1293-1298.

[3] H.Akagi, HFujita, “A| New Power Line Conditional for
Harmonic Compensation in Power Systems,” IEEE Trans.
Power Delivery, vol. 10, no. 3, July 1995, pp. 1570-1575.

[4] Mauricio Aredes, etc. “A Combined Series and Shunt
Active Power Filter”, [EEE/KTH Stockholm Power Tech
Conference, Stockholm. Sweden, June 1995, pp. 18-22.

[5] Yunping Chen, Xiaomihg Zha and Jin Wang, etc. "Unified
Power Quality Conditigner(UPQC): The Theory, Modeling
and Application”, P¢wer System Technology, 2000
proceedings. Power Con 2000. International Conference on,
vol. 3, pp. 1329-1333, 2000.

[6] M.Aredes, K.Heumann, E.H Watanabe, ”"An universal

Custom Power,” IEEE

286

active power line conditioner”, IEEE Trans. on Power
Delivery, Vol. 13, No.2, Apr 1998, pp.545-551.

{71 H.Fujita, H Akagi, "The unified power quality conditioner:
the integration of series and shunt active filters”, IEEE
Trans. Power Delivery, Vol. 13, No.2, Mar 1998,
pp.315-322.

3 3 (& e F)

19700d 9€¥ 1094, 1997 BA g 7]
o7 29, 19999 AT dsta #)
83 E2AHAD. A4 £ Uy 3]
283 wAA,

E-mail : hjkim70@mju.ac.kr

ol ¥ o (BB A

197594 118 1794, 20019 9AG A7
83 9. 20039 FAN g @7
g3 24AAh. dA FOigy A7
T3 AL A,

E-mail : ghostial@mju.ac.kr

B EBEMX

1953d 79 594, 19764 A& A/F
33l &¢). 19883 v ol =uUFHd o
e AZ1FE R 2H(HAD. 1992d F
g ANFER 2(FH). v Wes-
tinghouse F4AT4 A d7F4Y. A
HAY d7)FeFH mg

o 57 (8 &k )

1958 3¢ 25¢9 4. 19803 A&l A7)
F33 £4. 19823 F didd #AUFE
I Z2YG(AAh. 19863 F Wt AUF
g7 Z¢(Fuh). 19863 ~1988d =
Univ. of Wisconsin-Madison Z{d+
4 84 Agd R TENY 2

ER E (B XMW

19529 2€9 1194, Cal Tech(Z8A}, 4
A}, Virginia Tech(¥HA}). 1980d ~1982
d TRW 33F5-F dF4. 19859 ~1989
d Virginia Tech X 4. 1989d ~1995
d Virginia Tech ¥-X%. 19953~ 8 A
Aed ANFEF 2.




