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Abstract: Aimed at the problem that the control modes of interconnecting power converters(IPCs) are complicated
to assign and difficult to control when different types of power grids are connected, a novel grid-forming(GFM) control
method for TPCs that interconnect high voltage direct current(HVDC) and high voltage alternating current(HVAC) sub-
grids is proposed. This method uses modular multilevel converters(MMCs) to control AC and DC terminals simultaneously.
In addition, two dual-port GFM MMC control strategies are put forward. Finally, a simulation comparison between single-
port GFM control and the proposed two-port GFM control is performed. Results show that compared with the single-port
GFM control, the two-port GFM control method is more flexible to emergencies(i.e., line and generator outage), and there is
no need to choose the control mode of GFM or grid-following(GFL) for IPC ports in the power grid.
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i
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Fig. 4 Schematic of test system with single IPC, grid-

connected AC source, grid-connected GFL AC source

and grid-connected DC source

1.05
2 1.00
2095
*0.90
0 1 2 3 4 5 6
tls
(a) %
/; 045 |
N O DC-GEM/AC-GFL
—0.5 L 1 1 I 1
0 1 2 3 4 5 6
tls
(b)ZZFMA TR
105 — CCTM7AC=GTT;
2100
= 0.95
= 0.90
0 1 2 3 4 5 6
tls
() ELTM R
i
B
(d)BEHN
i
<
(e) ELTMTII %
B 5 AE GFM EHIXaf/ZBTH EEEERH
FESNE RN AL

Fig. 5 Response of different GFM controls to load/

generation changes, setpoint updates and emergencies

4.00 4.05 4.10 4.15 4.20
tls

(a) FFTIA BE IS

‘ ) ]
.00 AC-GFM/DC-GFL
\é 095 AR ]
DC-GFM/AC—GFL
T
0.90 L . i i

4.50 4.55 4.60 4.65 4.70
t/s

(b) ELFHLIR V, WiFFa
1.00
Z 095 DE-GFM/AC-GFL
e FE
0.90 L L .

1
5.50 5.55 5.60 5.65 5.70
t/s

() ZCHLHLIR U, Wi
6 3NEHTHNKRGMETL
Fig. 6 Changes in frequency of test system under
3 events
R 2 GFMZHISH: 24 IPC MK R
Tab. 2 GFM control parameters: single IPC test system

e

P ® ®

HWIESE — 005 0050 — — 1.000 0.01
WL 00500 005 — —  — 0.040 —
WA TE 00500 005 0050 05 05 — 001

~
e 0.0125 0.05 0.025 0.5 0.5 0.001 0.01
3 BB R RS s R R S
FNOAESEL ), SRR HOVA , RGEAERRAR
ACTRAT /L R B L R R ag4 7, i S Al 7E
1=0 s B, B SR 0.4 pou., B 1T GFM 251l F1
DC-GFM #4533 Pl A P Ay 2 356 381 52 G ) ( B3I
SEWAMF R ) | T AC-GFM 45 {5 47 S5 BT 59 MMC
DG i F1 MMC S22 5 78 1=0.3 s B, 38 i 7
I 0.38 pou., 7E 1=0.6 s B, 32 i 71 2K FRAK 0.26
pou., VE 0 7, X T GEM $5 ] Fil AC-GFM #2761
WA A2 328 B BN (B SCRAIR SR S 6
WHLUE), T DC-GFM & $il AR 7S5 Hi 1) MMC H i
ST MMC TR, BEAh, Bim 1 GFM &6
MMC S RE 42 A AR ARIE, i 22 5 1 HTR
Ui 1 GFM F5 il B ) Dl A W E L o 7E ¢=1 s
B, RS BCIE B R I A8 T F R LA R 48,
AP B BB R G B BR BRI R A EL I L 5 FE




294 L - 5502 %
Fx3 MXRFEEESH
Tab. 3 Related parameters of test system

tls Py U, P, P, I Vv, P Pic o’ Vi
Wik 0.15 1.00 0.35 -0.82 0.5 1.00 -0.1 0.33 1.00 1.00
0 0.15 1.00 0.35 -0.82 0.5 1.00 -0.5 0.33 1.00 1.00
0.3 0.15 1.00 0.35 -1.20 0.5 1.00 -0.5 0.33 1.00 1.00
0.6 0.15 1.00 0.35 -0.94 0.5 1.00 -0.2 0.33 1.00 1.00
1.0 0.35 1.00 0.35 -0.94 0.5 1.00 -0.2 0.33 1.00 1.00
1.5 0.35 0.9 0.35 -0.94 0.5 1.00 -0.2 0.25 1.00 1.00
2.0 0.35 0.9 0.35 -0.94 0.5 0.98 -0.2 0.25 1.00 1.00
25 0.35 1.00 0.35 -0.94 0.5 1.00 -0.2 0.25 1.00 1.00
3.0 0.35 1.00 0.35 -0.94 0.5 1.00 -0.2 -0.20 1.00 1.00
3.5 0.35 1.00 0.35 -0.94 0.5 1.00 -0.2 -0.20 0.98 1.03
4.0 0.35 1.00 0.35 -0.94 0.5 1.00 -0.2 0.25 1.00 1.00
45 0.35 1.00 0.35 -0.94 0.5 1.00 -0.2 0.25 1.00 1.00
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Tab. 4 Control parameters of multi-IPC test system

P ku(' ku(' kd(: ku(' kd(: - e

P q P ® ®

AT 0.05000 0.05 008125 04 04 — 0.001
REEF# 0.01228 0.05 0.004 00 0.4 0.4 0.001 0.001
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