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Abstract: When Yunnan power grid is in asynchronous operation with main Southern Power Grid Xiluodu and Luxi HVDC can
be started at the initial stage of black — start to speed up the recovery of power grid. The control modes of the traditional HVDC
and the technical requirements of AC system for involving in the black — start are researched to set its technical conditions. At
the same time a new black — start strategy is researched when HVDC transmission system based on modular multilevel con—
verter ( MMC) is used in grid black — start. The simulation results with PSCAD electromagnetic transient model verify the cor—
rectness of the theoretical analysis.

Key words: traditional HVDC; HVDC flexble; black — start; system recovery

1 TM71 TA 11003 - 6954(2016) 05 - 0026 - 06

DOI:10.16527/j.cnki.cn51-1315/tm.2016.05.006

( MMC -
. . HVDC)

o MMC

> 2016

MMC
; MMC

MMC - HVDC o

1.1

e DG



39 5 Vol. 39 No.5

2016 10 Sichuan Electric Power Technology Oct. 2016
2)
° H, .
’ Hdc = ( 4)
5-7 .
1)
1.4 P, P,
1.1 Py A
° ek (5
P(, fn
K=3.0
2.5 Hz
6.7
2
28,
Q/»o ( 70%
1.2
0.1 p.u.) 0, =~
Pd(‘i = 0' O7Pdn Pdn ° 3
(1) ’
U
S,.="— 1
sc AU ( ) °
U AU
7S o
Pdn = 1OQf ° ~
1.1U, (6) ~ (8) o
1.0 3BX1,,
S, = (ﬁ( 20/ -0. 70/) = 130/ (2) Uy = Uy,icosy; — T
3BX 1,
2 =1.35E,, BT cosy, -———* (6)
13 o w
3BX,I,
P, =90, P, =1.35E, BT cosyl, - —— " (7)
1.1U, ™
1 0 Q({(‘i = Pdt‘itand) ( 8)
S :(ﬁ( 20,-0. 63Qf) =13.70, (3) 2Py, s U 1y
2 ; Udai
13.7 o VY yEL

27



028

39 5 Vol.39 No.5
2016 10 Sichuan Electric Power Technology Oct. 2016
( ) B X

; Ti ’ d) = arCCOS( U(|i,/Udoi,) o 1)
1) ;
. 2) ( SMC)
Udi [di ° ELL SMC
U, =1.35E, BT, U, cosg
tand Qi = Pytang = Uyl tand Ey, 2N r
Pd(‘i Yi ani ° N
12;
. 3)
2) 4) ;
AY 5) o
Urli Prlcr °
MMC
-U, + /U, +4R,P,,
[di — di di L* der ( 9)
2RL 2 ° umuref urms
Py =Ugly; (10) o
Pdci ° w = 277f° Uirgf( I’ =a
E, U, tang v, b ¢) PWM o ramp
Q O 9-10
dei ° o
2 MMC ,
MMC - HVDC .
3
o 3.1
1 0
70%
! 112 MW( )
’ ’ 174 Mvar
2 o
1) 13.7 x 174 MVA =2 384



Vol.39 No.5
2016 10 Sichuan Electric Power Technology Oct. 2016
MVA,;
2) o
112 x28 =3 136
MW -« s;
3) 2
>8 o
1
/KA IMVA /(MW -+ 5)
A4 2.94 2 672 6 040
A 4 1 o
70%
3
9 A 4
3. 12
342 MVA 2 672 MVA 33 273
MW s 6040 MW - s,
4 (a) (e
(kV) .
(kV) . (MW) . ( Hz) .
(Hz) o
4 o
560 kV
0.98 Hz.
3.2

0.

1s

+29 .



39 5 Vol. 39 No.5

2016 10 Sichuan Electric Power Technology Oct. 2016
gamma 5~ 8
1)
2)
5 3.3
6 Plua(l =1 000 MW Qload =294 Mvar.,
500 Q 0.25 s
10 1 100 MW
278 Mvar  7s ls 1
9~ 20 o
7
9
8
2
/ms /ms
112 441
112 573 10
2 ~
11

30



39 5 Vol. 39 No.5

2016 10 Sichuan Electric Power Technology Oct. 2016
12 18
13 19
20
14
15
4
16 MMC
1)
13.7 ;
3136 MW - s;
1
7 : ( 4 )

e 3] e



39 5 Vol.39 No.5
2016 10 Sichuan Electric Power Technology Oct. 2016
2009 33(20): 38 -42.
5
o J. 2013 33(8):1-6.
“ _ ” 6
J. 2011
31(4): 7-14.
7
J. 2012
36(14): 177 - 185.
8
| J . 2013 33
(28):1-9.
J . 2014 32
9 Hetzer ] Yu D C Bhattarai K. An Economic Dispatch
(11):1665 -1670.
Model Incorporating Wind Power J . IEEE Transactions
2 Katiraei F Iravani R Hatziargyriou N et al. Microgrids
on Energy Conversion 2008 23(2): 603 -611.
Management J . IEEE Power and Energy Magazine
10
2008 6(3): 54 -65.
J .
3
2011 35(11): 1-6.
I 2009 33
(24): 78 -82.
(1986) N
4
o ( 12016 - 05 - 08)
J
( 31 ) 6
2) J. 2010 4(4):
. 48 -51.
7
J. 2011 35
(3):92-96.
8
J. 2016 36
° (5):23-29.
9  Lindstrom R R. Simulation and Field Tests of the Black
Start of a Large Coal — fired Generating Station Utilizing
1 M. Small Remote Hydro Generation J . IEEE Transactions
2010. on Power Systems 1990 5( 1) :162 - 168.
2 Kundur P. Power System Stability and Control M . New 10 MMC —
York: McGraw — Hill 1994. HVDC 7.
3 2013 37(9) : 117 - 122.
M . 2009.
4 M . (1986) N
2010. . :
5 (1986) N
I N o
2016 36(0) : 1 -10. ( 12016 - 06 —22)

.48 o



