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ABSTRACT The influence of phase-angle jumps associated with voltage sags on the sag mitigation has received a lot

of attention in recent years. Hence, an advanced control method that can simultaneously track the phase-angle jumps is

essential. Through the fictitious three-phase voltages and the d-q conversion of voltages, a new method that can

instantaneously quantify the phase-angle jump, magnitude and duration for single-phase voltage sag is described in this

paper. Considering the actual power quality disturbance, the occurrence of the sags and the determination of the voltage

injection limitation are discussed also. The proposed method is not only efficient for the evaluation of voltage sags but

also the effectively mitigation of the sags when it is used in the series device. Finally, simulation results are presented to

demonstrate the validity of the proposed method.
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Fig.1 Diagram of an series device for a distribution system
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Fig.2 Simplified single phase control block scheme of voltage sag
. 240
anf: : :
a0l oy 5[
ol 2501 230k,
: 200} :
200 ; 25
400 ; ; ; ; ; 15U_i . ; . i 20 PR ’ ’
0.08 0.08 01 E 014 0.06 008 01 012 014 0.06 0.08 01 012 014
(a) b S OB (b) VRIS v IR L F AR A 3 (¢) HIHARERNBIE
K3 mdiksah
Fig.3 High frequency oscillatory transient
400 Q00 oo b e 5 5
0 R AR AT : 00 E e 200 f f
off AL f\f&; ________ L4 i |
200 J ........ R 100 """" """""""""""""""""""
-4DD|; ‘ . . ‘ . . 200k M oM [ -] 200 : : :
002 004 006 003 01 a1z O ooz ond 00e 0og ar o 012 014 00z 004 006 008 01 012 014

(a) FLIRMIBE S AM2 R BT

(b) W AMAHLR BT

(c) MBI



1] S R R
| ERR e
150 RN RURRR SRR
100
50}

ks

150 i

ok : : : : :
002 004 006 008 01 012 0

(d) Vg BEB T (&) Ve W () MBS o T (@) V ilJE
Kl 4 -30° A4 kAR 50 AL 1] [ 35 T

Fig.4 50% distorted sag with -30° phase angle jump

e S Ve ETFEIRZS (N W6 Sms~10ms 2 [f). [URAfK
200 5~m§ﬁ¢ﬁ{ﬂ ------- AN BN DA Viag JIHRAEI, I 1 Ve R BEAHEA TR
L Sl S0 N A T SR R S & o B, ASCHTHRIT I BAT AT FOZAS R
ool ..... \’J{ ..... \/J S L L

'dﬂnn.iuz D.;Dat 005 D.;DB 071 D.i‘l2 D.;‘I4 5 %i’é

(a) FIRIMIRE L M 5 7

ool A A SO AR E U HEAT d-q A8 H, 4 T I
100} T WM HRIBEAE S d. g M RI0ER, ZIRmIERN
of Ji T R T 75 2 ML T o AR SO AR HR A
A0 NN N — T 2 S A (T« A B8 A 1 e 220 52
M0 oo oo m o0s 41 on PRI 795, T A 8 L S T W 20 425 1
(b) FEARME b5 S b A o FE e, ST PP R 5 DA G S A1) LA

15 HFE I 15 A 56 A R R AR BRI E
Fig.5 Voltage sag mitigation with 50% injection limitation T H R IPAME EAMR R Pl 2 )5, i

REVHSHLOT FO AR R I R PEsh 5 v TR 0 sh R 3

Y ] I €Y n%%w NGl .
CEASCHRECIIER A Z R T KIAFWRRI o M0, Wi T B0 T B

7 62 (R LS M B K5 B TR WY, Vg T BRI IE
T L N AUE fELIY 90% I T it I [H] £ 2ms~5 ms 2 [H],

S 30k

1 Wang P, Jenkins N, Bollen M H J. Experimental Investigation of Voltage Sag Mitigation by an Advanced Static VAR
Compensator. IEEE Trans. on Power Delivery. 1998, 13(4): 1461 —11467

2 Chan K, Kara A. Voltage Sag Mitigation with an Integrated Gate Commutated Thyristor Based Dynamic Voltage Restor.
Proceedings of the IEEE ICHQP V111, Athens, Greece, 1998: 561 —565

3 Heydt G T, Tan W, LaRose T, Negley M. Simulation and Analysis of Series Voltage Boost Technology for Power Quality
Enhancement. IEEE Trans. on Power Delivery. 1998, 13(4): 1335—1341

4 Tunaboylu N S, CollinsJr E R, Chaney P R. \oltage Disturbance Evaluation Using the Missing Voltage Technique.
Proceedings of the IEEE ICHQP V111, Athens, Greece, 1998: 577 —582

5 Middlekauff S W, Collins,Jr E R. System and Customer Impact: Considerations for Series Custom Power Devices. IEEE
Trans. on Power Delivery. 1998, 13(1): 278 —282

6 S.-Y.Lee, Y.-M.Chae et al. A New Control Strategy for Instantaneous Voltage Compensator Using 3-phase PWM Inverter.
Proceedings of the IEEE PESC, 1998

7 XMEE, WiEE, RBIE, F 4 (Liu Hankui, Gu Jianjun, Xu Dianguo, Wang Yan). 51t G B ISR A AT R LR Y
4L & B 9T (Research on High Performance Series Three-Phase AC Voltage Regulator). Hi Jj Fi ¥ 7 A (Power



Electronics), 1999, 33(6):19~22
8 ALZKYY, xS, AR, B/NHE(Wu liaju, Liu Guiying, Wang Niubao, Zeng Xiaohua). B[] H s M2 25 O BIF o)
(Development of the Instantaneous Voltage Drop Compensator). F JJ B 745 A (Power Electronics), 1999, 33(6):7~10

EEEN
BT  H, 193 Fi%, HiE #S. TENERNARFIRE. BRERE. IKE IR FRAREEAEAEN
HFE SR TIE.

SN EAKRT 2002 &£ 1 A<HEBEH ITIEZFIROVol. 22 No. 1 Jan. 2002



