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Switching Characteristics Analysis of a 3-phase Voltage
Disturbance Generator Applicable to Linear and Nonlinear Loads
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ABSTRACT

Switching characteristics in both linear and nonlinear loads are analysed for a 3-phase voltage disturbance
generator applicable to the performance test of custom power devices. Since the line current of the linear load
13 continuous the natural commutation of the SCR thyristors comprising the generator is carried out with ease.
However, in case of nonlinear load the natural commutation scheme is different from that of the linear load due
to the discontinuous load current. Through the analysis it i1s found that a specific switching condition can
provide the voltage sag, swell, outage, and voltage unbalance generation in nonlinear load too. The operation of
the voltage disturbance generation is described and the usefulness of the generator is verified through
simulation and experimental results. It is expected that the generator can be used in the performance test of
the custom power devices with low implementation cost and easy control.
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Fig. 1 Voltage disturbance generator and nonlinear load
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Fig. 2 SCR thyristor and series transformer
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Fig. 3 Switching states in voltage disturbance
generation

ol H1E WHHI] A%l SuB SeE WL 3
T Spa Spe® HOE s, 2% 3@l A% 2o
ARAYT AT IHo] FUF T 11~ 47
Brbsdtth V,7b G)eld i, 9 e A
AR, i, 7} S(-)o|BE 1Y 204 AFE -1--6-}
A A9Zos 520 299 Spot BT 9

2 Saes ©28td @EAYTY 235 Aol Spwol
e A7) Spo= HeZH FHEWYT] Y
12150 SAWY7] 225 Htol SIVMETh whebA
AFWely] 9] 22120 §7)HE At ZAL AYA
%}—"— FHAA 7= ko] Ho] HF eEHYY Ale
AAHAGEYG Fropxitt, vlddE RfollA= 18 3(b)
9—} 75101 Afe] BdS o] #Agt 18 3(h)
AN g o] AAFTIHDAA SpeE Sl TEE
AFe V7 SG)dA gz sty do 022
Aagth mEka] g AN A S 4,7} 0ol
"3 FAlol Spedl ACIE 2NEE =3ty V7 &
()X KH+H)oR ¥ate AHAA Sy g8 B
o 2HE V,7F KDL FolA i, 7 PR
AshaA] AErgr] 133 ARFE SoF 589
Eﬂl EN:} BN SUAALE TP TIE
QoA 7)est Ao} FAIA T 24E
§Al7lﬂ?<} e At 294 s8] Al
HAANT| = 5ok i A

) -
L.

2]

—10 ot ofm ok

e mE kn

3.2 Hade] SHAl A9E s|EF2)

A 7F EAS FHdA AA R EAste 4F
g AHET 39 294 A2t 2A3E e slellA
= Sa¥ Sp7F €2 Ho] 9)il Spadt Spp’l ©HOIE
o] ot ol AALEHE HASIHAE Spad SprE
L3I Su¥t SpF HoXE dhed], 2% 4@dA &
T AR ALALH dFe S0l TS FHAA
g Thsetke F4do] ”ﬂa-?ﬂﬂﬁh~%ﬂhﬂq
utatd APAY Vo= (el A/ i, 7t 29l
T A= Saol ©He AEle] JomR Spys B3}
H SERighr| e HH)Y AYe] Spaol ooz <l
7HE o] @328 gAs] dEelth 1% 4(b)= ]
A Fot Al A2 A AZYEHE BEAH37] 9
g 293 AHE vEida Qi

(a) M8 %3tel H2

(a) In case of linear load



Ay 2 HAdg F3lo A8 7Hsd 34 iy @AY A9 S48 167

_

Sal *E

s
+

Sal |
geo
D 41 B
Spal B &
(b) HlMY F3iel E=

(b) In case of nonlinear load

s

Se
p==)
Coe 3

ra 2

T8 4 HAMER SN A A
Fig. 4 Switching states in the recovery to normal
condition

()0 77 e AL AHlAN Sag T
AF7F 00 3 FAl Sape AlolE A3 E
I V,7F ()X FHLez ke A A A
g3t a8dE V7 FHHA 7 6,7
FHoz TE W AEWUYAYY 1XS5 AFT Spas
of ZEHA AJTHZE IEAT. 29 AEolA
8 e Ate 293 H870e A

-0

o o Ol'fﬂ
og
O+
Ru
i
ez
.}
oli

4. AMl=gjold &3

H Y B519 A9 AlEeldL 18 19 3=
o} =3 48 stgon, a9 194 AEH oA
d o3t gdelulgeE § 29 2t

¥ 2 ASoo|lM m2lo|g
Table 2 Parameters for the simulation

25 3479 %@‘é 4% B8 L | 1md
o | 00mH | #87% Ro | 180
cnogue | BH | SRS | ime
z}iﬁ%ﬁ )| 100mH Scioi‘;gr‘;’af d 1 ogv
—‘*Eilgé l}_ SouH | AE7] WE C | 6300uF

2% 59 62 HPRatel A 42 A2s 29 ¥
B Y 24 S e a9 55 4
Bl 0% A7t ARG} thAl AgdEE
B8 AL Uiy a8 6@E AAAEHA
30% 9ol WASE A2 JEhiz 6(b)E 50%
a9 WAF ZPPHR BARNE A4S
o 7 HAE R 509 A7t 0
HH2 f8she 499 47 2AYH A
AL etk 23 82 H8Y RahAl a
AFHE S Ueha,

=

oz (il
L
iuj
=
S

Fig. 5 30% Sag generation in linear load
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Fig. 7 50% sag generation in nonlinear load (top:
rectifier output voltage, bottom: rectifier
input vol tage)
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Fig. 8 a-phase current in nonlinear load
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Fig. 9 Line-to-line source and output voltage in case
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Fig. 10 Line-to-line source voltage, output phase
vol tages, and a-phase current in case of 30%
swell generation (500V/div, 200V/div, 20A/div)
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Fig. 11 50% sag generation in nonlinear load
(top: rectifier output voltage,
bottom: rectifier input voltage, 125V/div)
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