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An AC/DC System Power Flow Algorithm With VSC-MTDC
ZHOU Tao, CHEN Zhong’, DAI Zhongjian, SUN Kehui, LIU Yi
(School of Electrical Engineering, Southeast University, Nanjing 210096, Jiangsu Province, China)

ABSTRACT: Voltage source converter based multi-terminal
direct current system (VSC-MTDC), which develops from
two-terminal DC transmission system, has a high reliability and
is appropriate for offshore wind power grid connection. The
control strategies of VSC-MTDC are multifarious and
corresponding power flow models are more complicated. This
paper studied the steady-state model of VSC station and
MTDC and deduces the power flow model of MTDC which is
appropriate for different DC topologies and connection types.
Then control strategies of VSC-MTDC and their differences of
power models were analyzed. On this basis, an AC/DC power
flow algorithm with VSC-MTDC was proposed, which
contains the advantages of the unified iterative method and
alternating iterative method and can be applied to different DC
topologies and AC systems. In addition, the calculation method
of initial values and boundary conditions were given in this
paper. Finally, the validity and convergence of the algorithm
were demonstrated in two practical cases. The results indicate
that the algorithm can converge steadily and rapidly under
different control modes, scenes and DC topologies.

KEY WORDS: VSC-MTDC; AC/DC system; power flow
calculation; master-slave control; DC voltage droop control
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Fig. 1 Steady-state model of VSC station
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Tab.1 Control modes and bus types of VSC stations of
master-slave control
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Fig. 2 Working characteristic curves of
DC voltage droop control
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Tab. 2 Control modes and bus types of
VSC stations of DC droop control
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Fig. 3 Flow chart of AC/DC power flow
algorithm with VSC-MTDC
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Tab. 3 Control modes and parameters of

VSC stations of master-slave control
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Tab. 4 Power flow results of master-slave control

Bk Pdpu Qdpu Uglpu la/pu drad M
D1 0.3990 0.3 2.1 0.2844 0.0209 0.6781
D2 0.7 0.2273 21313 0.4915 0.0375 0.6708
D3 -1 -0.6 19397 -0.7759 -0.0491 0.7875
D4 — — 2.057 — —
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Tab.5 Control modes and parameters of
VSC stations of droop control
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Tab. 6 Power flow results of droop control

Huis Pdpu Qdpu  Ugpu  ldlpu drad M
D1 -0.4214 0.3 2.0076 -0.3165 -0.0217 0.7407
D2 —0.5001 -0.3139 1.9908 -0.3773 -0.0257 0.7451
D3 1 0.6 2.1528 0.6938 0.0566 0.6354
D4 — — 2.0479 — — —
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Fig. 5 Connection diagram of Case 2

x=7 B2 &R AR EEH
Tab. 7 Control modes and parameters of
VSC stations of Case 2
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Tab. 8 Power flow results of Case 2

Hift
Ul
D1 -0.4798 -0.3995 2.0009 -0.3600 -0.0159 0.7135
D2 -0.5003 -0.3 2.0007 -0.3754 -0.0176 0.6937
D3 0.5 0.1132  2.0369 0.3679 0.0180 0.6696
D4 0.5 0.3 2.0369 03676 0.0242 05704
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Tab.9 Comparisons results with conventional
algorithms of Case 2
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Tab. 10 Comparison with conventional algorithms
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Tab. Al Variation of AC corrections during iteration of
master-slave control

flabli 1k B2 %3 Al
IBIEE IEAR B #4107 A0
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AVyg -0.0474 0.0078 0.0892 0.0001
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Tab. A2 Variation of DC corrections during iteration of AS  —00027 -0.0001 -0.0001 -0.0000 -0.0004 —0.0003
master-slave control AM, -0.0701 -0.0382 -0.0154 -0.0027 -0.0807 -0.0740
B 1R 2 W 3 54 AUg 03735 01080 0.0484 0.0079 02401  0.2200
115 TEAG AR P10 HEAR/10°8 Al —0.0656 -0.0332 -0.0130 -0.0022 -0.0681 -0.0625
Algy _0.1242 -0.0169 -0.4023 _0.0573 A&  0.0018 0.0001 -0.0000 0.0000 -0.0000 0.0000
AS, -0.0030 -0.0015 0.0456 ~0.0579 AM;  -0.0575 -0.0300 -0.0120 -0.0021 -0.0625 -0.0573
AM; 0.0007 00042 0.0485 08112 AUy 03834 01131 0.0504 0.0082 02504 0.2295
AUp ~ -01351 00037  0.098 0.0153 B 2 AR AR B AR IE AR B AS BT .
Alg —0.1495 0.0076 0.3238 0.0437 £ A5 EBf| 2 ERTEPEREEETWER
A& 0.0018 —0.0003 0.0035 —0.0020 Tab. A5 Variation of DC corrections during
AM, 0.0489 -0.0166 -0.1820 -0.0242 iteration in Case 2
AUgs 0.0563 0.0040 0.0727 0.0107
Algs 0.2665 0.0093 0.0785 0.0136 R ALk w2k BIU EATIE 5 %
A, 0.0014 0.0007 00123 0.0021 BIER AR AR AR £no® o7’
AV, 00235 0.0032 0.0396 0.0047 AUg  -0.0005  -0.0120  0.0116 0.0412 0.0843
AV 10,0596 0.0026 0.0608 0.0087 Al 0.1100 0.0004  -0.0003 -0.0012  -0.0025
A& 00057  -0.0098  -0.0002 -0.0076  -0.0108
RxA3 TEEHTERIBFRREESTUER AM;  -00004 01018 00106 01427 01703
Tab. A3 \Variation of AC corrections during iteration of AUp  —0.0002  —0.0120 0.0116 0.0412 0.0842
droop control Alg 01254 00004  -00003 -0.0012  -0.0025
R OBLIK B2k H3 Ik B4 WGk 55Kk BB 6 IKik A&  -0.0003 00008  -0.0001  -0.0001  —0.0004
BiER  ER B R0 07 R0t Ao AM,  -0.0004 0.0171 -0.0034  -0.0272  -0.0228
A6  -0.0073 -0.0016 -0.0288 -0.0319 -0.0966 0.0259 AUgz  -0.0365  -0.0121  0.0116 0.0414 0.0848
A6, 01177 -0.0079 -0.0455 -0.0149 -0.1129 0.0281 Al -0.1156  -0.0035  0.0012 0.0050 0.0195
A6 00405 -0.0011 -0.0020 0.020 -0.0311 0.0078 As 00033  -0.0018  0.0000  -0.0005  0.0001
AVs 01041 -0.0052 -0.0468 -0.0379 -0.1207 0.0194 AMz; 00122 -0.0378  -0.0055  -0.0553  -0.0440
AG; 01651 -0.0069 -0.0559 -0.0475 -0.0860 0.0284 AUy 00365  -0.0120  0.0116 0.0412 0.0842
AV 02253 -0.0077 -0.0455 -0.0149 -0.1678 0.0281 AUg  -0.1199 00028  -0.0005  -0.0026  —0.0144
A6, -0.0821 0.0039 00373 0.0326 0.0514 -0.0407 Al 00007  -0.0021  -0.0003  -0.0023  -0.0010
AV; -0.0985 0004 0.0372 00314 0.0276 -0.0191 AS 00118 0.0320  -0.0012  -0.0035  —0.0165
A6 -0.0384 0.0048 0.0373 0.0266 -0.0891 -0.0424
A6 -0.0423 0.0071 00610 0.0443 -0.2226 0.0666 kS HHA: 2018-05-28.
AV, -0.0436 0.0097 01104 01314 02805 —0.002 EEZN:
A6 00047 00075 00693 00578 02412 —0.2739 i (1991), B, WEEBEFCA, FEER
AVyy -0.025 0.0071 00653 0.0544 0.2235 -0.1651 Bl 9275 [N £ M B M B, zhoutao

e ASWATAULY 3y 11 AP AR, 20 4. 8 FPV AL, 5. 6.

7. 9. 10 A PQ T,

xR AL TEEFITERIREFEREESTLF
Tab. A4 Variation of DC corrections during iteration of

droop control

Hift LW M2k 3R AW 5L 6 Wik
BIER %A AR AR HAR R0 fR10°
AUy 03878 01153 0.0513 0.0084 0.2550  0.2337
Al 00289 0.0148 0.0058 00010 0.0305 0.0280
A&  -0.0039 -0.0001 -0.0001 -0.000 -0.0004 -0.0003
AM;  -0.0727 -0.0390 -0.0156 -0.0027 -0.0818 -0.0751
AUgp 03889 01158 0.0515 0.0084 02561 0.2347
Al 00367 0.0184 0.0072 00012 0.0376 0.0345

Gk

guo1908@163.com;

*EEEE: B 1975), 5, fEd,

AT, FEEGFT A E R
W, BN RS RE S, chenzhong_seu
@163.com;

Wb 2(1995), B, mitersd, FE
B IE 77 IR R B AR

PN EE(1995), L, fiLAFsAs, FE
B 9E 77 R R 1 B AR

XZ(1994), L, BLHETA, FEH
VWALV E S =R kI

(R1ERE 5L )



Extended Summary

DOI: 10.13334/j.0258-8013.pcsee.181322

An AC/DC System Power Flow Algorithm with VSC-MTDC

ZHOU Tao, CHEN Zhong, DAI Zhongjian, SUN Kehui, LIU Yi
(Southeast University)

KEY WORDS: VSC-MTDC; AC/DC system; power flow calculation; master-slave control; DC voltage droop control

VSC-MTDC (voltage source converter based
multi-terminal direct current system), which develops
from two-terminal DC transmission system, has a high
reliability and is appropriate for offshore wind power
grid connection. The control strategies of VSC-MTDC
are multifarious and corresponding power flow models
are more complicated.

In order to adapt the development of VSC-MTDC,
an AC/DC power flow algorithm is proposed, which is
applicable to different DC topologies and control
strategies and contains the advantages of unified iterative
method and alternating iterative method. Regular
equations of DC power flow unbalance quantities are
given as follows:

Ad;; = P — (1M /\/E)UsiudiYi sin(o;, — ;) -
U2Y,sing; =0
Ad,, =Qu +(14M, /N2)U U .Y, cos(s, — )
U2Y,cosa, U2/ X, =0
Ad;3 = (2/3)U g1y — (1M, /\/E)Usiudi :
Y, sin(S, +a)+(1’MZ 12)UY, sine; =0

o))

Ng
Adm =l _szcijUdcj =0
j=1

For different control modes, equations of Ad;, to
Adj, are the same. For constant DC voltage control, Ug; is
given and constant. Thus Adj; needn’t participate in the
iteration. For constant AC active power control, the
equation of Ad;; is given above. For V-P droop control,

the equation can be obtained according to its
mathematical model:
Adil :Udi - kdroopi (UOi _Udi)/ Idi =0 (2)

Similarly, the equation for V-1 droop control can be
deduced as well:

Ady; =U g + U Kyoppi) I —Ugi =0 (3)

Before the primary DC iteration, the original values

of all variables should be calculated. For constant AC

active power control, the AC voltage is given. Otherwise,

the rated value should be adopted. The original value

equations of other variables are shown as follows:

S4

Ugico) =Yagrer, OMU gy,
Idi(O) = Psi /Udi(O)
Sy =arctan[P; /(U2 / X, +US/ X, — Q)]

Mi@ = \/Eps. Xii /(14U U i) SIN G5 )

(4)

In the proposed AC/DC power flow algorithm, one
AC power iteration and one DC iteration is regarded as
one power flow iteration of the whole AC/DC system.
Each AC or DC iteration needn’t iterate to convergent
and the complex coupling relationships are ignored
which make the variables and boundary conditions keep
updating rapidly. Thus, the error of one system will not
expand or transmit to the other system which enhances
the flexibility and astringency of the algorithm. The
correction quantities of both AC and Dc systems are
selected to be convergence criterion and it guarantees the
precision of power flow results.

Method of this paper and conventional methods are
applied to the same case. Comparative results are shown
as show in Tab. 1

Tab.1 Comparisons with conventional algorithms

Unified iterative  Alternating Method of this
method iterative method paper
Strong and Weak and not Strong and
) applicable to applicable to applicable to
Astringency ) .
various AC weak AC various AC
systems systems systems
Programming .
High Low Low
demand
Storage occupation Large Little Little
Calculation time Long Long Short

The calculation and comparison results reveal the
proposed method owns the advantages of both the
unified iterative method and alternating iterative method.
It has a strong astringency as unified iterative method
and is applicable to weak AC systems. In addition, for
each AC or DC iteration needn’t iterate to convergent
and the complex coupling relationships are ignored, the
algorithm efficiency is increased and the calculation time
is reduced as a result.



