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Fig.1 Schematic diagram of hybrid tripole HVDC system
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A4 DD P, B LCC A BA LI RETT
TE IS R b &5 RTINS 51 A I
K PCC (Point of Common Coupling) HL H I 31
I, 75 E5E A F-MMC 1Y I8 S 55 BE 1 o st b - 4 kg
R AR TE T HE RS PCC LR AR E , 1L R R [m)
W LCC AMEAT T 224k F-MMC BEAT B 3 EL IR
ML S A, A B R A 3 % T U R U A ¢
HERr N 0, LA | 4 vy S AT Zh AR P 8l W]
FOR F-MMC F BB H 2 o I OR AP 147, Bly 1k A A
R B B IR RGBT, R AR
IR IR B A R AR G R R P R
WHEBEEZEUT 3 8. QLI (BE)F; Q-
5 ;OFBSM HL 7 AL TR ff

TS A A ik B R RSO Q) R A
3 Jrs B = A B O SR BEA T U] He U,
FS, U, A&, 53 )2 52 it 47 A4 HL IR AT PCC A HL T Wi
{ELFIAE A 5 L, 02 5SS UR AR GL S5 AL BELBT s P A0 Q. 2 il 2
UG A SRS S5 5 Q, 2 U8 5 A AIC kb
Eds i IS I E P 0, Uy R 1(i=1,2,3) 4535
SRR A D AR R G T SR B T
AUNERT NG ERT TN

U.L6, L

—>
M U
1s 1
U@‘M' L. > I, M
—>
P.,Q. jf
P,,0 J‘;
—_—
cL 0| sy
G DA [Ua
= 3, —
PCC =

B3 ZHREREMNERER
Fig.3 Unilateral equivalent model of tripole HVDC
XTI () K 7E T PCC
HUE U, PR R RS e A7 AT T3 n] AAR 240
NRIA



4] ® 0 8 & iR B

F34%

p=LUe Gn(s,-5)
wl, (D
2
Q== cos(Brm8)+ [

i % 8, E

_ Ut
Q.= L. (2)

XTEERRGEMF U6, .0 L IHE, HE 2
JIT 7 1) 0] ) SR % T R O ok B B B P, REAS ORAFANE
PRk, W (2) AT VR Y, Q, M U, B3 8K 447 U,
AR FE A YRR QA S, RS BRI Sy U,
AAE XS T PCC & AFAEW T TCH 5 e
Q=00 0= Q> (3)
Q():Qh_Qs (4)
T U AR W Q, F1 Q, WA | 3
Qo A% F-MMC JCH- P4 il (4 B AR fE 24560 3 4
WM S TE T B R R FF AL RIS ZE06 2 Q)+ Qa+
Q3=ro
XoF T FL AT T, 3 AR LU R OC R R
G2 R0 (5) , U HR R B B, A AN AN T A
P D I o e b A, A I A% R T D) R

REPRIFIEE

Id2=Id1+Id3 (5)
2 LCC #EHIR B

M 2 AT LA Y M 1 AT 2 3l 9 LeC
FE 2o U By B B B LU RIS T RIE A T
S A R T R AR e R R PR R 3 R B
LR A A e B 1 Rl 2 19 LCC 75 243 342 il
B R E R R, A SC LCC B4 il o w2 IR [
B K 2 I (CIGRE ) B i i B A o D3 2R 40 4 il
EET AR IE S e
2.1 EifR#h

FELh BT CIGRE M4 il % | BI R FH E
T4 ) R /)M i & FR R
22 HETEE

AR A E R S T 4 s, Hoep s Udtes L e
F e 2300 TV LS | LU P A R O DB A A )

1 dref

Usios | 31k,
| ww

1 |pr| 7
max . [F ‘+”‘
Use . 2 |l
+ i

Yo Y.
* RET

Vi
B 4 Tkl E R

Fig.4 Block diagram of inverter station control
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Hybrid tripole HVDC system based on F-MMC and LCC,
and its control strategy
XU Feng,XU Zheng,LIU Gaoren,HUANG Hongyang
(College of Electrical Engineering,Zhejiang University , Hangzhou 310027, China)

Abstract: The existing tripole HVDC system adopts the thyristor converter as its pole 3,which causes AC
voltage fluctuation and transition overvoltage/overcurrent. An improved hybrid tripole HVDC system is
proposed , which adopts the modular multilevel converter based on the cascaded FBSM (Full Bridge Sub-
Modules) as its pole 3. For better response performance,it is required to control the reactive power
(voltage) balance,DC current balance and sub-module capacitor voltage balance. The modified current
control and AC voltage control are proposed for the modular multilevel converter and the capacitor voltage
balance control is proposed for the FBSM. The proposed system is simulated with PSCAD/EMTDC and
results show that,the proposed system with given control strategy realizes the voltage balance,DC current
balance and capacitor voltage balance perfectly.

Key words: DC power transmission; hybrid tripole HVDC; LCC(Line Commutated Converter); F-MMC; reactive

power(voltage) balance; current balance; capacitor voltage balance; control
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Optimal adjustment strategy for unsolvable power network equation

in heavy load condition
YI Tao,WANG Chengmin, XIE Ning,ZHANG Yan
(Department of Electrical Engineering,Shanghai Jiao Tong University,Shanghai 200240, China)
Abstract: The optimal node load adjustment strategy of power system with unsolvable power flow is very
important for the system stability analysis. With the node voltage and the branch current as its
variables , the hybrid electric network equations are established,based on which,the expression of node
voltage by branch current and the boundary conditions of unsolvable power flow are obtained. With the
minimum node load adjustment as its optimization objective,the Kuhn-Tucker condition is obtained and
the extended equations for iterative calculation are formed. The nearest adjustment direction and the
minimum adjustment amount of the load under given condition are the solutions of the extended
equations. Simulative calculation shows the proposed method is correct and effective.
Key words: hybrid electric network equation; branch current; unsolvable power flow; power flow

regulation; Kuhn-Tucker condition; electric power systems; stability; optimization; electric loads





