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Analysis of Output Voltage Variation of a Voltage Disturbance Generator
according to the Load Power Factor in Voltage Sag and Swell Mode

Heung—-Soo Hanl, Hye-Soo Jeongl, Jae—Hun Jungl, Eui-Cheol NhoT,
Heung—Geun Kimz, and Tae-Won Chun®

Abstract

This study investigates output voltage variation of a voltage disturbance generator in case of sag and swell

modes. The generator uses series transformers and silicon—controlled rectifier thyristors to provide voltage
disturbance; consequently, voltage drop at the output terminal is inevitable. On the basis of the analysis,
voltage drop increases as the power factor decreases in lagging. Voltage drop is 3.7[%] at a power factor

(lagging) of 0.8. Simulation and experimental results show the validity of the analysis.
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Fig. 1. Transformer-based voltage disturbance generator.

TABLE I
SWITCHING STATUS AND 7,-CONTACT POINT

Mode Sa Sha T.—contact point
Normal OFF ON -
Sag ON OFF I
Swell ON OFF I
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TABLE II
POSSIBLE TURN ON CONDITION IN EACH MODE
Mode Turn-on Condition
Sag i > 0and v, <0Oori, <0andv, >0
Swell ip > 0and v, > 0ori, <0and v, <0
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(a) a-phase circuit diagram
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(b) Equivalent circuit
Fig. 2. Circuit diagram in case of sag mode.
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(a) Resistive load (PF=1)

Vn
]a VLeq ‘
/A: - Oc
Vaz VReq Va
(b) Capacitive load (leading power factor: PF=0.8)
VaZ 0, VdL ) VaS
el ’\;
0, '\\‘/ -
\ Vie Va
1, VReq Vin q
(c) Inductive load (laging power factor: PF=0.8)
Fig. 4. Phasor diagram.
32 Mgt Ad Uy A Mot HE siy
a9 3o Yepd A ey A fdgus AR
o% AAAE T A @9 A Bz deiw ¥
3ol 9% PF (Power Factor) o w& *Hil L I Ay
HoAQke a9 49 HolAEZ YRl 4= 9l
VRf’(]:}zf(] (R +R +RJTL)XI (2>
Vqu jwl/fq ><I jw([ﬂ +L12) ><Ia (3)

aFo A Var, Vac 2 Var &
21423} (PF: leading) 18]al A|A
250 AE AgT|dA dAsE A4S vty ~
A LA Al 7 49 Fat JE w2 Fo] A oA
Vo] Waut g2 oz 7 § dge] A& A

717y A gst (PF = 1),
253} (PF: lagging) 1
S

_*?L

I L7] 225 A AS; Var, Vac 2 Va2 7]
A @, 4 6), 2ga 4 o= derd = v

oad Goad lﬂ Rload TO]'E,

5-(a),
Ag, S594 (1), 28§54 (X)) F3
Z+Zy 1051V, 106 [V], =
Astet, meba ol 7+ +Zi(§§ﬂ A1
arz)eA Fab dF7E & >

©

°]

rir

L = e

ST
lo,
18
i

ol

@ A A R %
719l ejale] 247t A

glol AelA Pot Q& A7 et 24 ArE
Lhebuieh A

o+ 7ys)

A% Sl s ot

Vig = V(Viey + Vi P+ V2, sinut +6y,) (4)
1%
o7]1A, 6, = tan ' (———L—)
7 VRf*q + VTh
V,e = VC*+D? sin(wt +6,,) (5)

o]7] }\1, Cc= (VRm + Vi, )005‘91 = Vi sinb,
D= (VRM + Vo )sin@l + VLM cosf;

V= VA?+ B sin(wt +0,) (6)

VA, A= (Vy,, + Vi, )cosy +V;, . sind
y Req Th 2 Leq 2
= *(qu +V ) sinf, + VLM cosb),
wL
02 — ttmil( Load)

Load

0, = tanil(g)

dfe] 2 Aoy 249 2

@3 @)= e 4 Uk,

I...=Ix(1-P) (7

asag

I

aswell

=1,x0+0Q) ®

o] el A
AEs A &

U]Hg]r 2 4) ~ A R o83t

F 271l digk 10 ~ 90 [%] M
et ”H-J A71E Fat gEel wet
5 JEpTE 19 5-(dv dARY
V)& 71222 3 Var, Vac, 18|31

¥} (Theta)©] t}.

%C’ﬂ e Aol A A7l= A9
& Ak 10[%]9] A BA Al 1™
(h), &3 (c) 2 Pr, Pc, Prol YeR)SIXo]

ﬁ

O
o

-
N
) oy o r_

O.

N
-

fi
T
[
ox
S

xR g r.>i

o L2

o

T30 o 4o
o %0 M Mz St pE o ©

ol
N
i o
=2
=
A
rlu
_>;‘_‘, il
o
N

M
o
+
ke

o rot

o 2o o
o
ofr
ol
(G (=)
Ho
o

5 =

Hoyo M

ne
oo

=
9,

o
T~
N
)
ol
o
2,
Mz
o
el
o
rlo

r
)
30
~
)
e
o
k)



Agk AT 9 29 B BEoy RelodFol e Agteld wAvle] 24t AE 4 83

TABLE III
SIMULATION AND EXPERIMENTAL PARAMETERS
Parameter Value
T ; R, Re 0.3[Q]
ransformer
Ly, L, .
(%7 = 5[] 1, L 0.8 [mH]
Rated 220[V], 3[kVA]
Vi 0.8[V]
Thyristor Bon 5[mQ]
Part Num. SKKT 55/16E

Sag ratio [PU]
(a) Resistive load (PF=1)

I, [A]

20 PC\
— <\

02 =
04

08 2 4

Sag ratio [PU] I, [A]
(b) Capacitive load (PF=0.8)

20 Pr \<\

Sag ratio [PU] 1, [A]
(c) Inductive load (PF=0.8)

Sag ratio [PU]
(d) Theta in case of PF=1,

1, [A]
+0.8
Fig. 5. Magnitude of Vag, Vag, Var, and Theta versus

i and sag ratio.
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(d) Theta in case of PF=1,

iz and swell ratio.
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Fig. 7. Experimental setup.
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Fig. 8. var, vic, and va versus each power factor in 50 [%]
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Fig. 9. Simulation waveforms of v, and v, versus each
power factor in 50[%] sag mode.
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Fig. 10. Experimental waveforms of v, and v, versus each
power factor in 50[%] sag mode.
Left: 100 [V/DIV], Right: 10 [V/DIV]
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Fig. 12. Simulation waveforms of v, and v, versus each
power factor in 20 [%] swell mode.

0.255

a9 12014 2do] AgE AL 025[S] A o]t
ANl AARLER A4E o2yl F7)eked PF=08
(lagging)oll A 13.7[V]e] @a7} whAsts o] AL 1.2-w
(=373[VDe] 37[%]elth 17 13¢] AFARE A&
oA A} FALEIT.



86 The Transactions of the Korean Institute of Power Electronics, Vol. 21, No. 1, February 2016

Normal

i Swell

(a) Resistive load (PF=1)
Swell

Normal

(b) Capacitive load (PF=0.8)

Normal Swell
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Fig. 13. Experimental waveforms of v, and v, versus each
power factor in swell mode.
Left: 100 [V/DIV], Right: 10 [V/DIV]
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