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Abstract

Hybrid DC asynchronous interconnection system combines the advantages of LCC-HVDC and
VSC-HVDC to provide a more flexible power grid interconnection mode. Firstly, this paper analyzes
the circuit and control system of the LCC-HVDC and VSC-HVDC units. Then based on PSCAD/EMTDC
simulation platform, a hybrid DC asynchronous interconnection simulation system is built to study
the steady, dynamic, transient and fault recovery characteristics of hybrid DC asynchronous inter-
connection system. Finally, according to the research results, a measure to improve the voltage sta-
bility and fault recovery characteristics of LCC-HVDC system is proposed. The results show that hy-
brid DC asynchronous interconnection system has good steady-state and dynamic response. At the
same time, hybrid DC asynchronous interconnection system can effectively improve the voltage
support capability of the receiving grid by the excellent control characteristic of MMC-HVDC. More
importantly, it can restrain the commutation failure of the LCC-HVDC station, improve the fault re-
covery characteristics of the AC/DC system and increase the reliability of the LCC-HVDC system.
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Figure 1. Diagram of hybrid DC asynchronous interconnection system
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Figure 2. Control characteristics of LCC-HVDC
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Figure 3. Topology structure diagram of MMC-HVDC
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Figure 4. Internal loop control block diagram of MMC
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Figure 5. Outer loop control block diagram of MMC
5. MMC SMRMEHIHEE]

DOI: 10.12677/5g.2018.86055 509 B HE L


https://doi.org/10.12677/sg.2018.86055

(SN

B Aoy By W MNA T TNNHRKSHAE, A,n By WA BN HRFNEE, Kav Kias Kpgs
Koy AN DI HR KT T IR PLEEHIGR NS H. N 7RISR AR GHEAN MMC A KT TR S
AT i IR AR, ASCHAT TS K@) N IEF MG P2 BT RS

1 1
ey =uy +—(Ry+sLy )iy +— Ly
2 2 !
) 1 (%)
e; =u, +—(R,+sL,)i; —— Ly,
2 2
| ~ 1 -
e, =uy +—(Ry+sLy)i; +— oLy,
2 2
) ) (6)
e, =u, +—(R0 +SLO)i; ——wLi,
2 2
NGRR3R ARFR =AM A 0w, 7T UL A IESZ ) 1R AP 2 R oR
— jot, + + —jot, —
w, =e"uy +e’"uy, )
N q:I
+ o
uy, =uy+ ju,
S ®)
Uy, =ty + ju,
[
iy =€+, ©9)
i =i+ ji
v (10)
iy =1y + Ji,
S = P+ jO = (e uf, +e 7" uy, )(&"if, +e7y ) (n
CIES;
P(t)=F,+ P, cos 2wt + P, sin 20t
12
O(t) =0, + 0., cos2mt +Q,, sin 20t (12)
X
By =1.5(ujiy +ujis +ugiy +uyiy)
P,= 1.5(14;1'; fu i iy + u’i;)
Py =15 (i} —ugiy —uli; +ujiy)
s s - e (13)
0, = 1.5(uq1d —ugi, +u,i, —udlq)

_ T
ch—l.S(uqzd ugl, +u,i, udzq)

0, = 1.5(u;i; i —ugiy —u;i;)

MRA2) AT S T AT, A D h a3 R et Dy ok B — e sh v o Fads(u, =0)
TP HIRL 7> BT BN, SR R GEN MMC A DIATE D D) 3R B ] AR
{PO =1.5u,i,

. (14)
O, =—1.5u,i,

DOI: 10.12677/sg.2018.86055 510 B HE L


https://doi.org/10.12677/sg.2018.86055

SR

4. BEERRSEMAZEITIFEMR

HT AT Y EHN TSRS, A7 PSACD/EMTDC {1 Bk b @ IR S Hi S B BN R4
ARG, MHEGHEMRF PN T ER ARG SIS LB SR T E oM.
4.1. B

eIz T8 RANE 6 Fion. I 6 o0, FaSEiTht, BAERES BRI 25w M E R o
PR BRI R EFER AR AR R B A TIRAS o W EL AR O AN SR M LR A e A I8 4T — 52 I [0) ) ELVAL HA R FRL VAR
BHINMIEIN. LR ESERSERM B EERE, 6 LEER.

1.20. = | -~ 120 =4
= 3
3"—} J,«—— & Fr
s Vj 5 f/
2 o 010
i = i
1.80 = ~ 18
3 B
H =
- ©
020 0
o 1002008 < 153’.|
- | o |
z E ik
s &
< 00 00
E 1'20‘.;M | % 120 UmE V2
: i p i
E =
3 o °
ts oo 20 40 60 80 100 % 00 20 40 60 80 100
(a) W E R A ICEE R (b) & HUE LS TG AR
92D = Ums R 120 = Uns |
2 0% El
o 0.60 =
8 8.428 8
L =]
0.00 0.0
= Pac R ™ Pac |
= gg 5 3.0+
=z 20 = A
= 1.0 ‘IL g
£ s :
2.0 -4.0
= 100 2EB = 1ot
2 i) 3 .
4 i = ]
> il = |
[e] \UJ (e
\
-3.00 5.0
s 00 ' 20 ' 40 ' 60 | 80 100 s 0.0 20 40 6.0 80 10.0
(o) etk B TR (d) P E IR aIs AR M

Figure 6. Steady-state operating curve of hybrid DC asynchronous interconnection system
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Figure 7. Current step response of LCC-HVDC
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Figure 9. Waveforms of hybrid DC asynchronous interconnection system
when occurs single phase fault in AC system
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Figure 10. DC transmission power waveforms of hybrid DC asynchronous interconnection system when occurs single
phase fault in AC system
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