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Analysis of Voltage Sag in Regional Power
Grid and Research on Its Evaluation Method

Li Xun' Xu Ke* Xiao Li’
(1. State Grid Sichuan Electric Power Company Chengdu 610041 Sichuan China;
2. State Grid Mianyang Electric Power Supply Company Mianyang 621000 Sichuan China)

Abstract: Firstly the concept of voltage sag and the cause of voltage sag are introduced and the concept of sensitive device
curve is put forward. According to the measured data in a field of Mianyang the causes of voltage sags caused by the site are
analyzed by PLECS simulation and the reasonable mitigation measures are selected to estimate the voltage sags after the im—
proved substation. Finally the distribution of voltage sag events on the sensitive device curve is discussed and the sugges—
tions are proposed for users to select sensitive devices.

Key words: voltage sag; sensitive equipment curve; mitigation measures

4] .



41 6 Vol.41 No.6

2018 12 Sichuan Electric Power Technology Dec. 2018
85% 920 23
220 kV o 1.2.3
24
1 .
92324
1.1 o
o 1) N N N
. 2) . .
9-16
0.5 ~1 min . 3) 1.3 ITIC( )
17-18
1.2 L ITIC - SEMIF47
o . N 12 25
. ? \ ITIC 1980
1.2.1 ITIC
° ITIC
60% . .
( ) ITIC 627
N 0.85 p.u. o ITIC
21 10
(c) (s~ms.ps)
1.2.2 1 R
92 10 28

e 4D .



Vol.41 No.6

41 6
2018 12 Sichuan Electric Power Technology Dec. 2018
500 (5) J
24
400 \ Dl .].<Punif0rm
P <] <2P .
300 FL — éb' uniform .] < uniform (5)
= B EAR E-
fak257
4
E 200 Un (m-1) P itorn <J
10 km
| S
. %0 10 km (4)
40
| | | |
1us ggg};oou 1ms SmSISUms 10¢ 0.15050C 10s ks 24
1 ITIC
1.4
2
’ 220 kV
ALB.C °
1 220 kV 2
_ . 110 kV .
’ 1 3
B (1 2 .
o l o
. 10 kV I
Dl 1 <Py
3 poicp p 0k I o
=1< +
FT — D 3L 3L AB ( 1) . 2 .
10kV £}
4

LHO Py + P+ + Py <i

PPy PPy oy
(O 1) ° 10kV I8 = =
PT 10kv 10kV
Li i m \ . ) #R B
4 91560 916600 o1470 10KV 12 iF
0
L,
P, = (i=1~m) (2) 0KV SE 0KV 6F 10KV 78
g e BEE  BEB
2L,
=1 (a)
10KV 118
3 o
J (3) 1 J
Dl ] <P1 «ns§ mﬁ mﬁ
B p<j<p +P, [ é @g@ﬁ s xS
FI:D“ (3) o :lo;t\ mﬂ;:t\' R
g e E
Un P, +P, ++P, |<j 4
j (01) P, 0KV 18 10KV 2% 10KV 3%
iR ik ik
m o
(b)
2 220 kV

24

10 kV I

1
[ ——
uniform m
« 43 .



41 6
2018 12

Vol.41 No.6

Sichuan Electric Power Technology Dec. 2018

3 10kV]

9B o o0 o6 o0 40l
M Gl SIS BGNR N0Y i MW KeM RN Wi Wi Mz W e

=

IR

(a) 2017-12-27 06:07:50. 150,
FEE VR 65%, RFELRS (8] 1530ms

67v) [12=59. 767V]

2:VB_(T1=S 88
1:UA_[T1=59. 195V) [T2=59. 195 o o1
3:UC [T1=58.283v] [T2=56.283v]| 592 \

[TT0:00. 5796871 (166453 [

(b) 2017-12-29 00:44:54. 001,
FEAEME(H 89%, FFLLHS (A 90ms

’Wﬂ—g 00.2)/E1S ag =0 nng;:sx

VB (T (12 5 s )
1:UA_[T1=59. 901V] [12=59. 301 V]| IR S ANIR Y
3UC (T1=58.953v] [To=s8.953v]| 09 217V[\[ |/ Y/

0.0 19.687  39.375  59.062 78,75
~ ~

[TT[0:00. 4396877 (14085

(¢) 2018-01-03 06:52:23. 753,
FEALTEE 88%, FFEERS A 30ms
3 10kV I
4 220 kV

PLECS 10 kV I

1 A

13-22
o

44 .

3) 0.7 p.u.

o

3
3.1
o : ( dy-
namic voltage restorer DVR) | ( uninterra—
pted power suppy UPS) | ( solid state
transfer switch SSTS) . o
UPS N
UPS
o UPS
UPS 1 kW ~1 MW,
DVR
o SSTS .
o SSTS
* ., SSTS
30-31
UPS SSTS
DVR o

El80<=U<90
Il 70<=U<80
[I60<=U<70
[]50<=U<60
[]40<=U<50
[130<=U<40
[E120<=U<30

Wi /s R AE /%

5 10kvVI 12
5 DVR

o

0.05~0.1s

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



41 6 Vol. 41 No.6

2018 12 Sichuan Electric Power Technology Dec. 2018
; 80% ~90% 2
N 8 o
3.2 0
2
B H: 635
- |20 AU 0
=80 HFE S 0
wm |70
- 6 9 ( i |50 o
ITIC  .SEMIF47 . ® i
20 T
) 635 10
. 635 IT— 0. 02 0.5 10
It 1]/
IC 218 . °
34.33% ; SEMIF 47
298 46.93%
501
78.89%
0 0% .
9
HEREL: 635 °
90 AR 218
£ [80 BFE S 34.33%
a |70
= +
4 |50
=
=
20
10
0.02 0.20.5 10 220 kV
IS (8] /s
6 ITIC
HRERE: 635 °
- |90 @“JW OB 298
< |80 TG EHE S 46.93%
@ |70
w N °
20 .
10
0.02 0.5 10
/s 1 . FACTS ~ DFACTS
7 SEMIF 47
J . 2000 24(19):1-7.
. 2
HRERE: 635 .
90 . -&ﬁ%ﬁi FERH: 501 )
= [80 i BT 78, 89% M. : 2015.
> [70 .
o e 3 . M . : 2013.
= 50 S , ‘ .
1 4 B. Sawir M. R. Ghani A. A.Zin et al. Voltage Sag:
w .
20 e Malaysian’s Experience C . International Conference on
10 i
0. 02 0.5 10 Power System Technology Proceedings Powercon 1998
18] /s (2):1421 - 1425.
8 5

D . : 2014.
e 45

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



41 6 Vol.41 No.6
2018 12 Sichuan Electric Power Technology Dec. 2018
6 — J. 2014 38(2) :515 -519.

I 2013 33 21
(19):93 -101. J. 2011 48(8) :53 -58.
7 22 Dyn
I 2015 J. 2004 28(2) :45 -49.
43(22) : 147 - 154. 23 - - D .
8 M. F. Alves T.N. Ribeiro. Voltage Sag: An Overview of [EC 2007.
and IEEE Standards and Application Criteria C . Transmis— 24
sion and Distribution Conference 1999(2) :585 —589. J. 2008 32(6) :57 - 60.
9 D . 25 M .
2007. 2010.
10 26
D . : 2010. J. 2013 50(6) : 8 —13.
11 27 J .
D . : 2011. 2002 19( 1) :40 -41.
12 28 D.J.Won S.J. Ahn S. I. Moon. A Modified Sag Char-
D . : 2007. acterization Using Voltage Tolerance Curve for Power
13 Quality Diagnosis J . IEEE Transactions on Power De—
D . : 2012. livery 2005 20(4) : 2638 —2643.
14 D . 29 . J.
2007. ( ) 2013(3):142 - 144.
15 D . 30
2008. J. 2015(51) : 518 -520.
16 D . 31  Z.Wang S. Wang J. Qiu et al. Induced Voltage Analysis of
2010. Superconducting Fault Current limiter J . Compel Interna—
17 M. H. J. Bollen. Characterisation of Voltage Sags Expe— tional Journal for Computation & Mathematics in Electrical
rienced by Three — phase Adjustable — speed Drives J . & Electronic Engineering 2014 33(1/2) :38 —46.
IEEE Transactions on ower Delivery 1997 12( 4) : 1666
- 1671. (1975)
18  Voltage Characteristics of Electricity Supplied by Public
Distribution Systems: BS EN 50160 S 2010. (1981)
19  N. G. Hingorani. Introducing Custom Oower ] .IEEE ;
Spectrum 1995 32( 6) :41 —48. (1977) o
20 ( 12018 - 09 -28)
( 31 ) TR — XLPE ] . IEEE Transactions on Dielectrics and
11 Electrical Insulation 2012 19( 1) : 321 —330.
] . 15 A. Thomas T. Saha. A New Dielectric Response Model
2014 40( 12) : 3665 -3673. for Water Tree Degraded XLPE Insulation — Part A:
12 Model Development with Small Sample Verification
J . J . IEEE Transanctions. on Dielectrics&Electrical In—
2016 31(21):176 - 182. sulation 2008 15(4) : 1131 —1143.
13 Abderrazzaq M H. Development of Water Tree Structure
in Polyester Resin J .IEEE Transactions on Dielectrics (1984) N
and Electrical Insulation 2005 12( 1) : 158 —165. ;
14 Wang Z Marcolongo P Lemberg J A et al. Mechanical (1990) .

Fatigue as A Mechanism of Water Tree Propagation in

.46 .

( 12018 - 07 - 25)



