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Fig.1 Three-phase structure of D-MHUPFC
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2 D-MHUPFC g9 T1E451&E
21 HWHEBEHRE

IR 1 /) A A1 4 45], D-MHUPFC ) ST #5453
SRR YL B4, 0 — M U, 5 ks

2 a,, AMERLE U, H122 30°, 24 D-MHUPFC 1)
Wﬂﬂ%éﬂﬁh%( ajp \bll NS ) E( 2,0, 1 ) g&iﬁﬁﬁj,iﬁ
ML E FEAR AN 4 BT, L Oy ST 3

SNSRI IS T S AR R B A 37 225 Uay N R 55 ST
FBA IR IE sk, ey kA3 R ZEA a,, |



Qﬁlﬁﬁﬂ: 4

by E@lﬁ%?ﬁﬁ, Uall \Uhll \Ucllﬁ\%[JﬂV:ﬁ\1mu%
2 ay by o ITEALBSRRMERTE

4 D-MHUPFC 1 ST #MZ BB R E T2 E

Fig4 Voltage regulation range during ST
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Fig.5 Voltage regulation range of D-MHUPFC

AR M3 Sk 72 O ~ 1 2 I8 K i), 24 ST A0
UPFC e 2 i, 16 % P R B IR U s »
HIl D-MHUPFC 1 18 B o 18 5 vhN B w5
(AT X, 3 FLR ST 1

22 ST5UPFCHIBRERSE

T8 UPFC ot I 5 95 B B2 55 ST AN BEAb
B X, SOR AT R/ UPFC AR 3 1Y 45 i, UPFC
F4° 3 AN AR BT A M2 DX A 28 T ) — iR KRy £
JERAL, UPFC 5 ST By IR R RN S Fros, ey
HEFNN(3) froR.
Uvprems = Uslep/ ﬁ
U,., = Usgpa/Mm

step STmax

SUPFC UUPFCmax

Ka = =
SST USTmax

Ssr _ ﬁm
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Table 1 Proportion of ST and UPFC
in total capacity %
VAR & K, Ko Kypre
1 57.7 63.4 36.6
2 28.9 77.6 22.4
3 19.3 83.9 16.1
8 7.2 93.3 6.7

B VR 1T RAR 3G 0, UPFC 9 25 1 5 L% 7
Wi/ BN AR AR S PR E, RASCRR[21] 1Y)
230 kV/220 MV - A B0 48}y il , #5 D-MHUPFC
[FRER FH =8 9 Al 3, UPFC By 45 H 5 HOB FR IR &
6.7% , KIE AR A F MIZRIFE P, 0
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AR5 8 1 Ry i), 4 ST #8531 b2 P T
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Fig.6 Maximum phase shift angle of
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Table 2 Phase shift angle range of
ST,UPFC,D-MHUPFC

Uyiisr/p-u. Osr/(°) Ouprc/(°) Opwmupre/ (°)
0.10 -5.20~5.20 -8.34~8.34 -9.00~9.00
0.15 -8.00~8.00 -12.56~12.56 -13.44~13.44
0.20 -10.90~10.90 -16.86~16.86 —-17.81~17.81
0.25 -13.89~13.89 -21.25~21.25 -22.09~22.09

TE/h4s & UPFC YBCE T, D-MHUPFC 4 AH £f)
T AHEL ST $2 MR £, I HL7E FEAR 1) 3 B A /Y i
$& T L UPFC 030 45 3 Bl 5 R — 26, 45 3 2 ) I
AR AL, D-MHUPFC {138 37 3781570 Bl S5 K

TEBLGERAR 7 T, 445 SCHR [ 18,22 ], ST il i
JEAS F 29 15 T3 I8/ (MV - A) IS ATRR mg 7] A F
99% ,FHsf T8 n 2 XN (1-P,,,) x100% . DL fik
I G JRE R i 4 1 A0 AT SRR A )4 ( gate turn-off thy-
ristor, GTO) F i) VSC JyZ: I8, UPFC 1 il i il A
FUPFC(G’]‘O)?"] 75 ﬁﬁ/( MV - A) ’ éff:f%l% MNuprc(c10)
292% . 454 97RE 500 kV UPFC Rl TR ™ 3L
R Ak 22 |1, - 4 i 28 ( modular multilevel converter,
MMC) ] UPFC 3B 1780 nuprcone) 29 99% , il 1 1
$ FUPF(I(MMC) é/‘] 125 ﬁfﬁ/( MV - A)o %[ﬁ?ﬂ D-
MHUPFC=( ] HOLTC 23, #2 & EPRI-TR-105186
i, TP ek 2 F, 29 10 Too/(MV - A)
D-MHUPFC {9 ] 3& B A Foamoere M 38 17 20 F
Noamuere MFR 3 PR, HitHE LA (4) .

%3 D-MHUPFC HJ#li& B A RIZ1T 30
Table 3 Cost and operating efficiency of D-MHUPFC

il 1 A F/ S
e [F5 (MV-A)-1] BT 7/ %
UPFC(GTO) UPFC(MMC) UPFC(GTO) UPFC(MMC)
1 43.3 61.6 96.4 99.0
2 36.2 47.4 97.4 99.0
3 33.1 41.1 97.9 99.0
8 28.4 31.7 98.5 99.0

{FD-MHUPFC = KST<FST + ng) + Kyppe Fupre

(4)
Nomvere = KsrNsr + Kupre Dupre

MU g Kk 8 B, D-MHUPFC 7 W% {f T
UPFC 815 e S a2 T, il A 2924 UPFC
) 25% ~40% , IBATRHCRL] 99% , 384T AT (5 1 1
RO A B w6 /N K 4 X T ST, UPFC Al
D-MHUPFC B9 A e, 456 V8 15 S0OR F 3 £5

0, D-MHUPFC (25 BAR G 3 M A

%4 ST.UPFC #1 D-MHUPFC #)# R4 3T EE

Table 4 Comparison of technical characteristics
of ST,UPFC and D-MHUPFC
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WIRTTRE S 5 L
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BT 99% 92% ~99% 99%
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Fig.7 Equivalent circuit of the system after
D-MHUPFC access
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By , IR RBAEE N K, AT
2A, + Byp
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HLHE TR AP+]AQ I, R 1 MLk 2
PRt R E S S DE
Py 4]0, =Py + 0y +%(AP +jAQ)
(10)
Py 40y, =Py +jQy + ;(AP +jAQ)

1+K
(11)
P Qo 70 D ZR I 1 A S v L T IS 4 A
TIINFRMIC TN Poy Qoo 73 I AR 2 A iy 2
YR TR I A SRR TR
255 0(6) — (1) AT1S 4% 1 FIZki 2 iR
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= B 2A2 +BZP * 20 (13)
2P 2P
Hrpr
AP, = KAP/(1 + K)
{ (14)
AP, = AP/(1 +K)
MR Z A, W A I AR R R -
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U,
[-2=P20+AP2_j<020+A02) (16)
U2r
/\EFI:
AQ, =KAQ/(1 +K
{ Q Q/( ) (17)
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4R (12)—R(17) , AT D-MHUPFC
TELERE 1 I R AMEE L R U,
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B
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H= (Rl + ijl)(zAlP + BIP)/UhO
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GRS/ SIE SR
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Fig.8 Tap switching position of D-MHUPFC
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Fig.9 Block diagram of UPFC control strategy
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Fig.10 Cooperative control of D-MHUPFC
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Table 5 Parameters of simulation model

¥ Bt ¥ Kl
U./kV 10.£0° 7,/Q 1.9+j4.71
U,/kV 102 -30° 7,/Q 1.9+j4.71
U, /kV 10£-15° Ustnan/kV 3.000
BN BHP/Q  0.89+5.21||  Uppreman/kV 0.375
ST 497 28k 0~4

D-MHUPFC 42 S mg i 2g 3 & ik, Hirr,
B 1 AT PRSI U Q, WG (E 535
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A multi-line hybrid unified power flow controller for distribution network
YUAN Jiaxin', XU Shunkai'*, YU Mengze’ , MEI Jiajun*, ZHANG Weizhe' , YANG Xinyi'
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Abstract: In order to meet the power flow regulation requirements of distribution network and improve the power flow regulation
ability as well as response speed,a novel multi-line hybrid unified power flow controller for distribution network ( D-MHUPFC)
is proposed. Based on Sen transformer, unified power flow controller (UPFC) ,and hybrid on-load tap changer, D-MHUPFC can
quickly adjust the multi-line power flow of distribution network. Compared with the traditional regulation mode , D-MHUPFC has
the advantages of compact structure, fast response, good economy,and high reliability. Then,the multi-line power flow equation
considering D-MHUPFC is derived with the ZIP load model, and its cooperative control strategy is optimized. Finally, the
effectiveness of proposed D-MHUPFC is proved by a 10 kV distribution network simulation platform. The results show that D-
MHUPFC and its control strategy can quickly adjust the multi-line power flow within 0.15 s, and transfer the overload power as
well as improve the section transmission limit. Moreover, D-MHUPFC can realize decoupling control, and the compensation
errors are less than 1%. It is verified that D-MHUPFC has the same power flow regulation ability as UPFC.

Keywords : Sen transformer; unified power flow controller ( UPFC ) ; multi-line hybrid unified power flow controller for

distribution network (D-MHUPFC) ; multiple lines; power flow regulation;fast switching
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