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A new AC-DC reactive optimal power flow model based on nonlinear interior point method
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Abstract: For the AC system, the artificial node voltage is used to express the LTC branch power equations. For the DC system, an
artificial node is introduced to locate between the ideal transformer and commuting impedance. Some variables such as artificial node
voltage amplitude corresponding to the converter branch are included to express the converter equation. The coupling equations
integrate the quadratic AC and DC equations from the different coordinates into a united quadratic AC-DC ORPF model. The
predictor-corrector primal-dual interior point method (PCPDIPM) is used to implement the optimization. The Hessian matrices in this
model are constant and require to be computed only once in the optimal process, which speed up the calculation greatly. The
simulation results show that the proposed method achieves a good convergence property than the conventional one.
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Fig. 1 LTC equivalent model
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Fig. 2 Converter equivalent model

BB A A T IR FEY, PHY L L 3 T LA
FoRN

Vo —kkyV, cosp, =0 ®)
Horbe o NIRRT R A
BB IARAFE, LA AT DTN

Py =Vl =0 )
Wi dis NAZ LK TEZh D50
Oy = Vol ytang, =0 (10)

t Erf%n, (7))~ 10) &AL AR R =B e
A, FOO N IRERARA AN B R DRI AESE - 1500
I SO Y DA T S, REUGE AN #8
i E e, X TR TR O TIRE
(N5 Y Y P b R KD W A AN VAR
{5V, A (e 1, A P A&, ATEATT i sE A
HE BTN s ST A, Wl 2 P
AN ELAZH 6, 10 AR 5% cos 0, 11 D4 LN A B 5



kK, G

B3 AE AR T 745 PR U BEL O AT BEAR AR s 2% 2 18] 5|
B AR ROL R I EAR R Y, R AR
ot FRALEE, RTDAFERRARRR R T HIR RSN
JikE, HRASKITRER S, R AR
Ko MEAIATESR, W TR

Viai —kV; =0 (1D
Vi = (Vg €080y, =X 1;,) =0 (12)
Py —(ea,+ fb)=0 (13)
Oy —(fia,—eb)=0 (14)

PRI HFE, H DI SE T A AR
HI 2
V.l,—(ea,+fb)=0 (15)
A Uit FL I AR 29 o (A BRI ¢ &R
H
I, —kkyly; =0 (16)
X, kT 0.995 M HL XN 1.
HIR LS TR

ildi_zgdz’dej =0 (17)
=

Boias e s, R, B, EE
7 M E s A s s AR bE T AP RE A 7 5, I
P 7 ARG AT B IR A R G 5L b ia 47 2

mbifee, fHiEh
X —Xa =0 (18)
Xy = Xg5; =0 (19)

Forbe xg, My, AR EWB S, HURUR, HH
K, WA AR LU R A AR LA R L .
1N RS i (1 A A R s (AR AR A
A NIARR, eI S A A AR R T
Az, eI FAERR, EARMARRR MRS
FERR G2, JBRg CHRIRG ARG,

I P
—V ——e ——f =0 20
Vo 20)
Lptetyo @1
2 2 2

ATLLE Y, 2ead Bk ab s, Eimr i)~
XA T FE(20)~ 2 1At — IR R AL
2 RERBERKRENENIHIRE
I GINB L, = a,+jb, (WZF% 50, W18
R =1,ny) s ACHIR G RGN R A4
Jikeh
2 (G (ee, + [i1,)+B,(fie, —e. S )]+

€Sy

Z Pfij+/1PiRii_PGi+13U =0 i#Ns

ij€Sy;

(22)

BT RSt N AR AT HIR RS DR HT Y - 37 -
Zs [G,(fie, —e.f,)-B,(ee, + f.f )]+

IZS Orj + 290y =96 =0 + 0y, =0 @)

Soobe s, 5 R B S,

55 R A RO RSO G ny A RGRA
M54 A, =1 R i AR asAH I, 4, =1
FoRTT T RS AR SRAIE, A, =0 FoRTT i A Al
HoRAasFHIE s 2, =1 FoR T mli MR A HE, 2,=0
PR A WA R ARAHIE s P, IO, AT R TR
RUGHA DRI T3 B, RO, A1 L
AU MG Fgirs O, A1 si IR D A
o B, MO, A LTC SZER AT DD fE L )
WA R O ARRRMEN S £, Py MOy 5K
()~ QRS WERAT i A brAEMTY 5L, Py, A
0, X (3). R@)kit5.

FETF LU XS LTC BRI 25 (T Ab 3, A LA
T RS LTC BRI SRS . K
MUEDIH T FEBTCYAME S T A 3R AR LA
HAEMARGAAAS Fry DARIR 2% 7 656 I 1) B
ik BRAA . BmSHESI M RsL, ik
ARG R AR AU AR A
A P B RN AZ AL FEL AL SRR S FELUAL R A b LA
Rt AR, LLPY s NA Dyd D oA B bs
BREL, ST LU T A IR A RGN B.
2.1 BfrEE

A CASP AT N ) Py B/ o B AR R
M RGEIATT SN DAL, P R
DA S T R G DIARARI AR o RSP AT 1Y A
BA I LTC 2 B s im A Al &4, W) P, nIRRA

P = 2 [G,(ee, + /) +B;(fie,—ef)] (24)

2.2 FAXAR

AR AFEATH LTC MR H07 FEal(5) . X
6)~ Him 7). AR (15). K (19). Ak
a5 iR (20). (21), ZWHIM AL IR
VTR . A HIIRGS RGN RV R
i13). KaHrRARX©22). X@3I))E, HEE
P MO, M.
2.3 FERYR

AER AR AFET B RIR . Ry
Jv RN . FFERICDAMEH ). LTC A2
to. BHHE. BHBn. HRhR, e
ITCT D i e 4a il £ R AR % A A TR 45 A8
L, EIRRA



_38- CE R R R EEL

VMY [2<VP 12 (V™) /2 Q=10 (25)

05" <05, < Q05" i=Lung (26)
05" <0, <O i=lrng 27)
"<t <™ Q=10 (28)
Vit SV SV i=1en (29)
I <1, <I5 i=1n, (30)
P <Py SB™ i=leny (€2))
0,>0 i=1-,n (32)
cosO" <cos@, <cosOr™ i=1,-,n, (33)

K< k<R =1, (34)
B BRI, P A R R S B ) B
PRIEICS) AR BRI R A, DR, AT TR Y R i AR
HRE AL AL, £E5E T PCPDIPMAEEAN T TR
A R R, AT T AN R
H A0 AR A5 UL AN S 38 n, - A3 n
TAEIETT R SRAF IS 18] s H S TR R A1 R
/N ¥ (Column Approximate Minimum Degree,
COLAMD) 53236 % 1E 77 F2 1 R EE FEEAT 5 st
i, FECRAE IET7 R T BG I IS TAPRE N T B
SR HOH R P 44 IR, TS A S N R] N T
R GEREARLAAL ) S I 1) (5 T-PCPDIPM ) /1 41 WL
SCHR[7-8] , X HUREAFRBEIR) o

3 BHIInE

A UAEFMHE2.1Q2 GBHNAE), HIERSE N
WINDOWS Vista?f 855 F, K HMatlab7if 5% =4
TR RS HAA (Mod1) FI3 MR AY (Mod2)
HATORFET B SR . F T = MIRR R S, HiHIE
(KT ECA0.9~1.1 pu, LI HLVR 38 FEIECA 0.5~2
pus FEHIAEFIECA 15~25°, B4 1 2% (1948 EE )
YR 0.85~1.15 pu, 252 AH L FHEN 40.039 pu,
BRI HFH0.013 pu. R RGN

ZY: 1: {F IEEE30 &G, 955 2. 4. 6 2|
) =45 A i R R B B AR, Bz A )
IEEE30 R4 & = v B i H X 4% 1148 HL
WA RS

4 2: {E IEEEST R4, 7 mi 8 F1 9 Z [alf)
AT A LR B H U R AR, & 2 5 1) TEEEST
FRGE e R P i B L D 4 (A LR TR A
EY R

A4 3: {E£ IEEE118 &4, 714 264 30 2]
FY A 8077 Z B FATN 2% A2 AL i v 4 s . i v 2
AR, B2 511 IEEE118 R4 &— M & Widc i
HL 2% A8 LRI B T R e

FVRIR T I 5 4% e R AT — kAR

TE A 1E 5 R AR B R ISR A 15 R BT it 2 (Y i
], WLAEH, Prigiiqe — JOSAINE B 1E Ty
PR AR MR BT it 2 PR I ] B R /D, O R N
M PR AR R, FEH bR, SF AR
ANAN S LT AOHX I (1 45 T AR R i R
FEREAN AR T R EH Ik, XK T
RSB IE 5 R 28 KON e e BRI 1 s (G A A
BE, BT AZRLTCS A H R S5, 3
B T BRI ORI FR 2 AN AR T A ERE— S
AR FE AR 25, AN T B IE 5 R &
HOTRE I o BRI 18] o FESRAFEIETTRERT, P
PR BRI 8] L AR AT BT I, 3 DR AR AL
YLTC S 5% R EL U A 450 370 8 S 8% 5 N AH 2 A4k A2
5, XA, SFLONR ] H o 11
BEINT 2y +5ng » AR N T TE T RE AR BOR R
B8, P EORMHME IE T REPT ity ZE N TRIAT DT g .
{H COLAMD 53k 50 A7 230 2> SR At i S A5 28 /4 it
JiREFTHE I 18] AR IRTEAFE X Prie iy
M5 TERUE IE T RE 2 KO B4 4 (R I Te) KK
fAZ LT RE BT R I AR I 1] o
=1 AMRER LR

Table 1 Comparison between two models

RE T R T BT 1) /s A6 1 J7 T SR AR I 150 /s
B Mod1 Mod2 Mod1 Mod2
IEEE30  3.3894e-004  6.3961e-004 0.004 9 0.004 8
[EEE57 0.001 1 0.001 5 0.007 9 0.007 7
[EEE118 0.004 0 0.005 1 0.0107 0.0100

P2 TR T PRSI 0 I3 2R e K AR TG DA
AT R AR RN T IE AR A B A, S
[A) L F T G AR AP s AT ORI L AR A (1 I
(LA A= 05 R P it ZEAA IR TR o R = AN
ARGTEAFH, PR R 210 S I 1) LE AR Se i
b RGP, WEKNNEEZ, XEhT =
VOB T S TE 5 RE AR AU PR IN 548 T KR
] S HLEIE, PURBERARAT A A A S DA, P
SR 7 E AR EACUI AN 2L,

R 2 MALEEE. EROREFIRILER

Table 2 Times, iterations and optimal result

RE SR ) B IEL .
) SEZIRIEN
B Mod1 Mod2  Modl  Mod2
IEEE30 0.117 0.194 13 13 0.2826
IEEE57 0.243 0.405 10 11 42719
IEEE118  0.826 1.107 12 13 5.089 4

AMEETRISUS e T SR SR v, R B
ROEAT BRI EE S X MR IR A



kK, G

AN BB AT H IR AR S IR R

-39 -

U, AMENBRTERT LD 1B AR HL A A PR b
T E. T AR s BB R SR I, 33
%4 TIEEE30. IEEE 57F1 IEEE118 =N E i &
GEEA L R AME I BRIG AR, (B ah R B oR i
PR 28 15k LD 36 AR M (] 0 S0 AR P Tl b 3 i 21
%, KUEM eI A EI SR, (R REAkAR
L >—1h,
=3 IMEEPEEEA IR

Table 3 Change of complementary gap with iteration

AR IEEE30 IEEES7 IEEE118

Vi Modl Mod2 Modl Mod2 Modl Mod2

1 134496 134496 248112 248112 214.879 214.879
2 3.3079 3.3079 129967 129997 152.515 152.411
3 14724 14723 49123 49235 9.0529 11.500 4
4 0.3893 0.3852 1.2138 1.1534 4 6.2811

5 0.0578 0.057 03511 0.334 1.2737 1.548 4

6 0.0157 0.0153 0.0822 0.089 5 0.2758 04254

7 0.004 4 0.0042 0.0232 0.03 0.0547 0.0932

8 0.0013 0.0012 0.0028 0.0029 0.008 5 0.0169

9 0.0003 0.0003 0.0002 0.0003 0.0012 0.0037

10 0.000 1 0.000 1 0 0.000 1 0.000 1 0.0007

11 0 0 0 0 0.000 1

12 0 0 0 0

13 0 0 0

4 it

AR SCAEAT A0 A 28 T R AR e 2% SRR AR I |
HEREAUTS AL IR Z R AT SO LR AR R
A BT AR LA SR D) ITRE, 28Rk LTC SCg AR L
EANR R XN THMARSE, (s Hds ) H AR
FE SR BT T8 5 TN — AN AU s, RS A
F S M 1 45— S8R R g FH SR s SR A S T R
Ma T FRAEAFARPR R T A& 23—k, Hitk
HESL T AL HUIR G R G DA 0] ) B
o FEEE T -AL O E SO R N RE LA R Y, 1%
B (AR R R A TR AR R, AR R R
TEUH IR, IXFEARET T A R v LI AE 2
1] . A COLAMD S323565 24 7 #2128 20 B
BEAT T A HE s DLRARSRAE IE TR it 221
I S5 RN ARSI 5 AL G A
EEA AR A 2R, RO s T TS
S 30k
(1] [Bs%, Z=fEsh, Jukh. S&T 3 S A p kg

HWMRETLINAGD] W THAR Y, 2009, 24(2):

158-163.

(2]

(3]

(4]

(5]

(6]

(7]

(8]

DI Tao, LI Hua-qiang, FAN Pei. Reactive power
optimization of AC/DC power system based on singular
value decomposition and interior point method[J].
Transactions of China Electrotechnical Society, 2009,
24(2): 158-163.

Pepe, SEedE. BHORL TRES N GRS AR RS
TINAL[T]. B RGPS L35, 2010, 38(3): 48-52.
YAO Yu, CAI Yan-chun. A hybrid strategy based on
DPSO and IPM for optimal reactive power flow[J].
Power System Protection and Control, 2010, 38(3):
48-52.

PR, Zu. TRl L B EA I 2 H AR
LIAALI]. BT RGRY 5 HEH], 2012, 40(24):
65-70.

LUO Yi, DUO lJing-yun. Multi-objective reactive power
optimization based on immune memory colonial
selection algorithm[J]. Power System Protection and
Control, 2012, 40(24): 65-70.

FEFEM, 2k, 12 9k —FcDh AL TRENAS 1 A s
FIRD]. BT HEARSNR, 2010, 25(2): 152-157.

CHENG Jun-zhao, LI Shu-sen, CHENG Qiang. A
predictor-corrector interior point method for optimal
reactive power[J]. Transactions of China Electrotechnical
Society, 2010, 25(2): 152-157.

BB, TKBH, Py, A5 TR T LSRN AR S
OZIEA RAD]. RGOS 0, 2012, 40(14):
20-25.

XIONG Ning, ZHANG Wei, HUANG Jin-hai, et al.
Centrality correction interior point method based on
constrained slack variables strategy[J]. Power System
Protection and Control, 2012, 40(14): 20-25.

XU, ARk, FRAT. FE TN A S S AR R
TR A TR & kD). B R R Y S i,
2008, 36(17): 56-59.

LIU Pei-jin, GU Li-chen, HAN Xing. Reactive power
planning based on IPM and improved GA hybrid
method[J]. Power System Protection and Control, 2008,
36(17): 56-59.

TORRES G L, QUINTANA V H. An interior-point
method for nonlinear optimal power flow using voltage
rectangular coordinates[J]. IEEE Trans
Systems, 1998, 13(4): 1211-1218.

RUB, B, REE, S T IR IR SO0 1 P R
PHE B AL (D). AL TR 4R, 2005,

on Power



-S40 - CE R R R EEL
25(11): 146-151. coordinates[C] // Proceedings of the IEE 2nd
YU Juan, YAN Wei, XU Guo-yu, et al. A new model of International Conference on Advances in Power System
reactive optimization based on predictor corrector primal Control, Operation and Management, Hong Kong,
dual interior point method[J]. Proceedings of the CSEE, December, 1993: 262-267.
2005, 25(11): 146-151. N
(9] ek, briks, 2. TS P ORERRE R 201370876 BEEIRA, 20130509
ROERI ) A AR AT SRR, o TR A 4R, BAE (19700, B, @ik, Bl H WFb
2012, 27(6): 232-241. HAGEAT S EH F @ L LA Email
JIAN Jin-bao, YANG Lin-feng, QUAN Ran. Parallel yonghui_n@yahoo.com.cn
algorithm of dynamic optimal power flow based on EE = (19459, B, #IE, NEGahiss et 125
improved multiple centrality corrections decoupling 2 TR, AR GRS BRI W A G 0 R
interior point method[J]. Transactions of China I A%
Electrotechnical Society, 2012, 27(6): 232-241. XRE(1969-), %, HEAHKIF, NELFMAE X
[10] KALAM A, HAQUE M Z. A new version of exact & 69 A5 TAE

decoupled second order AC-DC load flow in rectangular



