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Allocation plan of voltage sags mitigation devices based on life cycle cost

ZHENG Zhiyu', LI Yaqian', XIE Xuejing', ZHENG Yangiang', ZHANG Zhaocheng?, Al Qian’
(1. Shenzhen Power Supply Bureau Co., Ltd, Shenzhen 518000, China;
2. Department of Electrical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: As the traditional voltage sag mitigation schemes cannot solve the waste problem of mitigation capacity, a new
method of allocation plan of voltage sags mitigation devices based on life cycle cost is presented in this paper. According to
the mathematical model of series and parallel mitigation devices (such as DVR and STATCOM)), the differences of mitigation
characteristics between those devices are analyzed. Considering the investment cost and economic benefit of the mitigation
schemes, allocation plan schemes of voltage sags mitigation devices are obtained. The proposed method has been applied to

IEEE 33-bus test system and compared with the traditional mitigation schemes. The results validate its economy and

practicality when there are several sensitive loads in the distribution network.
This work is supported by National Natural Science Foundation of China (No. 51577115).

Key words: voltage sags; STATCOM; DVR; life cycle cost

0 3l

AR, T BIAC T My F ok A Y Ha s A
TR, HR R AN T o RS
FI AR R —, AR E RN,
BEA XK SR, 7ELLH T £ 51
BEC R T ST, FRE T ) 0K 1T e AR A A R
THII R A fer 5 R ARG, PR et e S sk FH P 1 L
Jo e ) U S | R A

IRBY B, B0 OB P 1 T v B i —
F o MR A7 7 7 SR GEA T P Mgl v S, S %
% WG E 2 B P AR, i LY T RS R I P £
BRI, A2 SEAEEIRT . SCHR101E H -~ Ry

HEDIH: BRARMFAELTE FBh (51577115)

HO s R SRk, 0 FF SR 1) Tl 4R rh A,
B RUHG TAME S S A i, AR R Tk
FRAEHRAMEESLE R S rT AT PR A A . SCR[11)M
LD PR A Bt A, RS T 6 18 e R T o IXURGE 1) v P
B IE DA, fEdEm i ) RG24 vl St i [ i)
FRAR T LB A . SCHRI2INHEARYE A, Xk
A G E AT T, KORI8> T I gk
70 A 8 52 H PR 37 B S PRI B . SR (13 ) ) T Y
% & DVR BCE 1T T, (2% DVR H
B B TC 2R, I S R T )
RANERIT, T HSCEA S A PR A IR AR #7581
Ki/s, WAZERGW G, SR80, Lk
b, BT HEVABER S A, VAT RIEREA
MR AT R T v Rk s, e
B EEE RS R B ST H Y A ek A T



AT, A R T AR R A ) P s T A A PR A £ T R - 129 -

F4) PR 227 B 9 B0 38 A T B 25 PO T LR 5
HATEE ISR Lo

A SCONHL D FD P AR Rk, LT
STATCOM Al DVR W11 H B B v 2 () 252
B, 255 25 R I T R A 5 s, AT
TR R SEA R BRI T RIS, R E R
FH IEEE33 75 p5 e L I 25 3E AT T 405 BLEOAIE o

1 ETXRIEIE Y B E & REITE

1.1 RSP ERRE

SR RIS T AR NN BE IR AR, X He
WIREAT K AR 2, A IR BUE B 2 I, [E
A5 25 B R B A, R T PP A
Ry RN o T DA T A ) A B LA
e MR MR R MRS R DT R
) o RTHT SR RIS 7 I PR B
HREERNH, AT

SRRV RYCGUE P N S NIEE R S RHVAP/S
FAERE WA, ARRHRAPATE T E, &
BERISAT R . ASCISETH I b i, M
FRURR AT A 0 PR B R 7, RS
SR RIB SRR LSRR b, ERR I H e
R, ARG R, T AR 1
Fos (B I B R AR AR, R AEAN )Ry ik v R
B BRI, 5 G U A IO BURRF PR ih e, ]
DAHE— D7 M el IS B B AR P R B . o, AT
FAE R BT PR AR, AR B R AERF SN )
T

x1 BEERREMESR
Table 1 Probability of voltage sags

<0.1's 0.1~0.3 s 0.3~0.6 s >0.6 s

0.8~0.9 p.u. P11 P12 P31 P41
0.7~0.8 p.u. P21 P22 P32 P42
0.6~0.7 p.u. P31 P23 P33 P43
0.5~0.6 p.u. P41 P24 P34 P44

<0.5 p.u. P51 P25 P35 P45

o, P11—P45 43 527 AN ] L 7 B (R
Ht S 927 A R Sl o 1) 11 FL P B B = R A IR,
(EE IR L Sy R X
1.2 EFREIEICRY BEE R F T

PR A2 N X T M 5 A K e SR 16 0
e, FOR/NS SR AR R S R R
SOl B R M EREA T B AT (b X
A H T B U A A AR R A, AR IR
wrr prk

1) A% U A7 A 1 FL PRI 52 2 ) 1 BT

A

EH TAEX

ANfE X

X

\4

Thnin Tinax

18Rk G oy FB TR I 52 il 2%

Fig. 1 Voltage tolerance curve of sensitive load

2) VAN IR 6 R B B i 2 P R, DA
0, R,
Uy ~U)T; = T)
O U U T T M
A, U, BT 5350003 1 e i i s X ) AR
() DX [ P44
3) IWHAFL TR R, o

5 4
Re = NZZP;/.E” @)

Kot NBEREREEAICEG E R
KR, HR @)K,
g
E;=K(-¢ ") 3)
At K i RKIRRAE,  BIVIR R 8 B A i i
IR o ABUBYES S, ATHCE 0.3,
2 HEEMERBIZEIER
2.1 STATCOM #{#1& 5
STATCOM N FFERHA PR %, Tl E AN
LY ST H S (A DR S 43, A > A 32 5 i i
AT DI N SR, I8 AT DA A i 5
AR, BE4 RN, STATCOM A %
i I BEE R AT L (@) R .

pre

4 Vi Zy Ly - 4,

AR I A K
: : : : : I,

Vn Vn an an Znn 0

A VPO AUEERT IR s Z W RS AL
BHATHRE: 1, M WE s 1, 4 STATCOM & Hif
HME L.

1) = AH b Jd P s

KA = AR R I, STATCOM . JEBETY



-130 - ® LRGP B R

SR B A A H s A
V; :V;pm_lfzft +Istht (5)
Ve= prre -1 Zy +1,Z, (6)

e 1, 4 STATCOM K MEHER; Z, N
STATCOM JFIBETT i 55 BB sl (B PR L PR Z, A
STATCOM FHEET s BFHPT; Z, Rk 5 1) H FH
Pi.

I 1S

-1 re
Ish _ _Ztt th th - V; (7)
I; ~Zy Zy) \ V-V,

Forp, ARSCAN TG 18 <5 Ja M e b e, A
V.=0.

-z zZ.\'
/i‘\ M= [ it fit ] , ﬁ
_th fo

I, :Mlthpre"'Mlefpre_Mlet :Vs_kVt (8)
KEWHEEWE 2 fror, Hda v
i, B Ak IAHAL

[E 2 STATCOM #MzZ[R3E[E £ &
Fig. 2 Vector diagram of STATCOM compensation principle

i 2 515
L, =—kV,sin B+ V2 —(kV,cos B> (9)
WHRV? —(kcos f)* <0, N4

Ish = Iratc = SSTATCOM /I/zratc (10)
f
v :(_Ish Sinﬂ—i_\jl/f_(lsh cos f3)*) (11)
k
2 2 g2
a =sin”' W) =V =1 +y (12)
2Vslsh
2) FPAH RIS i e

XTSRRI, 75 R AR J ikt ATk
fifte DL A FHWSE A (CL R 30352 A A EERRA),
STATCOM &7 s AR S B P 7. 7

oI

Vt012 — I/t012pre _[?122812 +I§112Zt(t)12 (13)
VfOIZ _ I/f()lZpl‘C _ I?lZz:])le + IS(LIZZSIZ (14)
o L8 B BRI B I PR T SR AR, T4
, yr
I N
Sl=M ! 15
° o (15)
I Ve
>N rl_l
7! z! B
113 ft
-Z, z
M= - . (16)

-Z, -Z. -Zy Z\+Zi+Z

fi

I:h = 3(M11thre +M14V;re) _Mn(Vb + Vc) -
M, (aV, +a’V,)— M (aV, +aV,)-
al,—a’l,— (M, + M, + MV, =
V,~kV,

JE BT AR AL, A AR .

3) PAH LIS B

X T PR R e, g BRI e 2

(OIS SRS UR I S Br R A

(17)

4) PAH R i

T PR R SR, BT AR RE, A
R /R (T
PRV IPZE TR (19)

0 320 2% A R AT T A R 0K A7 AT B 15 R
HL R B Ot o
2.2 DVR &5
DVR g HR A B 2%, JURBAMEE 3 2700 s 1) i
TR, RS P b kb . A ME S R
Hs m] 12 (20) K47
Vi=Vae ¥ Vowr (20)

sag

N V308 DVR M5 I i Bl s 7, R

7 DVR AME TR HL A B BRIRAEL; Wy K75 DVR 1)
ML .

DVR [P Mz SRS ELFE (R AH M2 58 A a2 Rl I
NBERAME, A SC R A FAHAMEE, ROV, BV
[ AHA .

2.3 BT &HEGERANEFIHER

H R 7 B IR VA B B Ik BT S0 . W& 1)
WIRBER A 2228 J5 R PR R AR . LA RGBT
REFE A A RIS Y A



HET, 5F

T4 i J W RS ) HL L T AU P 5 6 1 T AR - 131 -

WIEFN A — IR A, H BRIP40
IRV, BT A 4B A T AT AR B
AT H R T EOA BB v EAT A, A
M
a+r) -

c=¢ Z(l”) Cor G+ Lo, @
K, rmﬁzm 0y TR N ¢

3 mMEZEMEREMRSN

S S v VA WA e B i I N
fUXF STATCOM F1 DVR 7£ HE 8 & 76 BERUR
HHATHERR

E15%F TEEE33 5 MficHL W R 48, Rk BUS10 &
A MR R, VA BRI BT BUS6, BUSG6 fiTd:
B A 200 kWj100 kvar. & 3 FTE 4 2» 54\
STATCOM #H1 DVR J& 1 R Ze F R Ko K] 3 F1A]
4 5N, TR RS, SR PN DVR
AT AME P 7E ﬁ§@¢%%AsnmmMﬁ“”?
o, XM é%ﬁﬁﬁ’wﬁf A CE Ly

1.0rg
e
0.9F R% S 554 booooeo

0.8+
0.7}
0.5+ A
0.4
03+
0.2F
0.1+
0

R /p.u.

—a— bz
—¥— 10 MVA

—6—20 MVA

0 5 10 15 20 25 30 35
R

3 STATCOM #MEZR
Fig. 3 Voltage sag mitigation with STATCOM

1.0
09
0.8+
0.7 +
0.6}
0.5}
041}
03}
02r =
0.1F —*—50kVA |
...... ) ) —6— 100 kVA

Yo s doestt 20 25 30 35

i /pau.

4 DVR MR
Fig. 4 Voltage sag mitigation with DVR

TS EREST, 2MET DVR A STATCOM 1)
WM 1.25 J776/A&VARIRT 200 ToAVAM (&

WA W) o YEPT A — M0 VUG 0 A )
ﬂhw%,%ﬁﬁDVRﬁ$ﬁ&%,AT¢ﬁﬁX
B, DRI YRS A WA AR ) 10%,
STATCOM A HBEB %, Bk 5%, WA i’%éﬁi’a
20 4F, PrILER 5%

2 NI 6 43 A% DVR Al STATCOM [
RN, Hop DVR & 100 kVA, 1]
STATCOM %] 10 MVA. HH1, LCC miA hyia#
Jr R A IR, AR R R & WG
BEBRAS BT YEY AR DL i B P F s 2 B
KA, HitFEARXRmReHIiR. WJUEH,
STATCOM A1 DVR ¥ 0] DA R B AR RBUEH 7 1 4
A AT K . R DVR FAA 2B AL
? STATCOM, H#id 3l Him, HAEREFE

BN T STATCOM g, ik, Lig
M%}Jﬁ“&ﬁﬁ A AR ) A S, DVR #54
BARIIEFE .

% 2 DVR #1 STATCOM #MERTR XS Eb

Table 2 Difference between voltage sag mitigation

with DVR and STATCOM
W EILGE AP LCC J{A/JT TG
STATCOM 205 11 967
DVR 128 7250
To & 0 17 444

EAEENE, ENHFBRBANE RS, W
STATCOM & Hi [ M FE it 23 6 L Jey i sl 4 Jeg v e
YEEEA M. IS S 2 AN ARIT
RO P iRk, BEATTRE I P (A3 B 58 AR
T EE X [ STATCOM ()4 SRt i -

4 ERMBEEEREEERENLEERE

4.1 1BV T

T FU B B AR TR, VA PR A BB
(RN PRI AR R, DRI AR SCAN T s 3 P M o
rFOOEFL R ASUE PRI e, LB 2B PER R
AT

SR N A

min f =C, + z(1+r)”

o r(l+
x: G, 7\7&%@%&%5@'—(, C, NEFFYES L,
A r NATEE, n AR Ar: R, NAME)S
R AR R PR R A, HotE ik SaMERTiH &
JREZAL, FENL 1.2 TN, AR

WL (Particle Swarm Optimization, PSO)
I 772 i Eberhart FIl Kennedy - 1995 4E4¢H, &
HHE N e U L S SN 010) A YA i 2

—(R.+C,) (22



-132-

® LRGP B R

RN B — RS B bR R — AN n] eI
fifto R IR E T LR
x, =[R, B, Byl (23)
P =[t,s,] (24)
Xy x AR FREPE DR IRALE,
P@i=1,2,, M) NFiMENSE & 1 HEE
BT ISR =0 LR LB, i =1 £/~ STATCOM,
i=2 X7~ DVR); s, AlCE B A&,
LA RN YL I VA R R TR e AW SE (P LT
L7 R T P R 5B A
v(t)=wv(t-D+cr, [ pest — X @]+
C,l, [xg,best —x,(1)]
x()=x-1D)+v () (26)
s v, () MEE T ARLFAEE ¢ YORAI R w,
FORTEER ¢t ORI I EARE; v o, A
RRBHA IR 5 s r A ATE0,1]IX (] )
BEHLELD X, o RRHE §ASRL T IO AMA T S e AT
X, pest AEANRETRET BT RLT 1 P SR LA
THH PSO SVEIE N TIEGAY R AT, 755
A 1) AN BE TR AR FH P02, i A Sced s e Ak
R rh 2 2 I AR iy B U, O TS
PSO S el Y B UL 5 ) 1, A 06 PSO kit
AT T 3& e, BRI —AN0,3) X W) B i Ay
A E AR R, U A{0,1,2) . FILMRREE
WKl s s

(25)

R RIS

¢4

T
R

T

[ tsrnmssLCCmA |

SR T

BB AR VALY

[ whmmresig |

4R
5 BREHEEREE
Fig. 5 Allocation plan algorithm flow chart

4.2 ERHM

LL IEEE33 90 ECH M AT %, REsii
Kl 6 Pros, BUSSrE AN sAE 6. 23, 24, 29
F31 55 e TR, ASUE RS A e
WME, U, =06; U, =09; T =20 ;
T... =300, AFEFBURR A RS o s -2
B PR R A R AR B AR KNG, AT AL 6
F2 N AR A7 Ao BRI H S BT B 2K R 20 5 G, Y
RU234 244 29 31 5 I AR AT B K PR R R AR
Koy k42 J3oG 42 Jio6. 20 IR 21 J1 TG

1.8 19 20 21
—o—0—0

Sé7 8§ 9 10 11 12 13 14 15 16 17

<o
—

o—o—o—o— oo
25 26 27 28 29 30 31 32
22 23 24

[ 6 IEEE33 TiR R4
Fig. 6 IEEE33 distribution network

A ER S s U EVS TSI I BURS A KRS P
AT DL S Uk Sy (0 I B R AR R, R 3
N 23 5 R BT S PR R T B A E R R
*3BESToBEETEREMERSE
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