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Study of VSC-HVDC Discrete Model and Its Control Strategies
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(China Electric Power Research Institute, Haidian District, Beijing 100085, China)

ABSTRACT: According to the digital discrete control system
of HVDC based on voltage source converter (VSC-HVDC), the
discrete model is derived in synchronous dq reference frame.
The inner-loop current discrete controller and the related outer
loop controller of VSC-HVDC are developed according to the
discrete model. In order to compensate the sampling delay of
discrete model the inner-loop current controller based on Smith
predictor is also presented, and an improved Smith predictor
based on estimation error feedback gain in inner loop controller
is also developed. The correctness of discrete model and the
validities of control strategies are verified by PSCAD/EMTDC

simulation.

KEY WORDS: high voltage direct current transmission;
voltage source converter; discrete model; Smith predictor; time

delay compensation; control

FEE: £ H 5 i s LU 4 B (VSC-HVDIC) B 7 5 il il
RE, S T dq) P BesE ALRR R N I VSC-HVDCH B BUIRAS
AR, R T L A IR P B T RN R ER A S A
R R T OB A SRAFRE RS, 32 3T Smitho R A 6k
A PR LT N BRI SR, TR T A5 SR 2 A T Al
i 25 3 2 S U1 ek Smith R A TN A% 2 U IR R FRL R P
gl T G A 1 B K 4 PSCAD/EMTDC £ 37 T
VSC-HVDCHLAY J H o B 45 a8 o 1 A5 IR 90 UE T 1
FRCRE 220 11D T AT 2 A 4 ) SR ek [0 2

KR LU, RIS RO, S
Fiflids: SEMS A $E

0 3lF

B L) BRI R B AN W &
JE, HRJRH LA (voltage source converter, VSC)[T
IS FH 2 TG S /N 25 1 F, g 4 80 4008 1) vy R K2
PRV L U 7 o 71 v s L O sl DA T
Ho, i Y e s 119 w5 R BT FL(high voltage direct

current transmission based on voltage source converter,
VSC-HVDC) N AR % . VSC-HVDC 42 —Fh LLH,
JRYFE A« F O W s R 5 I #l (pulse width
modulation, PWM) 2 A by itk 11 3 24 5 I i v B¢
AR, EHEAREA T GRS EE R A A
R 5y PRI i iR R Gt s, 5
FB 4T T 2k AR 40 i 4% (line commutated converter,
LCO) A 145 4 LCC-HVDCAN ], VSC-HVDCAE
XPTIR A DI D2 AT P RIE I R, b
REE B AAMEATTRBF I L D, FeE AT T BF 2
I, BRI LR AMELF (STATCOM) IE R -
YHR[5-6]1118 T VSC-HVDC [HFa AR K Jk
TR P AR L 42 i) f, AR A 4 N A — A
FIEARKR N, BAAH DG B R ) (1) OC R R S 2,
RS SEA L ME . SCHRTIVERH5T T dg [\
e ARFR 2R T VSC-HVDC 22  [APR A H AR,
R 1 SR s PRI SO ANBE RN o SCHR[8-101 5531 i
WT VSC-HVDC [ 7 Y5 AN I Y5 P9 285 A R fr 42 1 5
W&, {HZX} VSC-HVDC (% 05l #s——VSC W
P HIAS TR e AN 1A, LB SR8 W
SCHR[11-12]2EF VSC-HVDC FaSHmisHig 1 a) %
RS I, LA RS T T, B RR RS
(i PR (R h R ) VAE S LN RPN = k70 42 % e
TR M 5 AN T ) AR AR . DL B SCHER T IR
VSC-HVDC £ 2 155 8 s 37 1 3 S I [RAR A 2% 1)
o, IR R IR L ARSI R . T SEBR
Tl R G W AR R FH VAL ] A5 A
LA b L B AR H KA IR 220 1 O 2 (AR 4 ol i
DRLHAT 00 S AR DN R B UL, 57 VSC-HVDC
S A o i N R R S A R S 2 ki 2§ VA ]
AL I VSC-HVDC %735 il ge pi iy



%28 M BROE5E

FLL P YT P L O A L 2 SRR R L e S s 7

H 2 HAs 1) PR SR A A B P, PWMEIR 1) L
R RE) b R e i L 28 0,
Tt g gl 5t A S EEEEERA LI, 5l AR
SE (K3 ATV S th rL i 0 K e sz
A T TR S I S B, % VSC-HVDCI)
BIATERE, AMEESHIGER 2L .

AXHESF T dq [\ AR R T VSC-
HVDC ZHCRAZ MIBCEEE, @7 T S Hm N
NP A8 S AN IS HES T H A S M2
A ——Smith H(%&T’J!fﬁ@/mfﬁ(%&fﬁy e Tt
T Smith AR AT &8 6 HLIE Y IR PRI SR, AT T
il UF 3R 22 RO 20 R AR APERER R .
PSCAD/EMTDC {jj EL¥iE T VSC-HVDC &b
(R IE A AL T Smith PR PN % B BOAL 3 il we et
G B A ERE A R .

1 VSC-HVDC BEi#irian

VSC-HVDCH# it 3 L Fh Wil 1 fios .
LA ST RA A SR A PR A H 7 T
FRPHPTZ A, CAFRIRMU R M 2 Ugpes Ucane
Lape 73 ) Jabe = AHFf IE AL AR R FAZU RGERELR L
JE~ VSCAZ LN He s 5530 1) 5t S 33 N B VSCI 2

FHIR ) s ige I VSCIEAN B HIR R 50 1 B FEL s
Toad A T3 N 28] HL At 480 70 3 1) EL AL FEL AL o
dc_>idc iload
Kz Kz A :
Usabc L Iabc RU e ] —=£2C
—rn—— o fu,
= L
K Kd K|

1 VSC-HVDC it st = %
Fig. 1 Circuit of converter station of VSC-HVDC

W1 7R, RS RAE R L HE ST P

H dq [FI20 e ARFR 2R N 1K) VSC AL A] i ) 58 5
eV

Uy, + Ldiy, /dt+ joLiy, +Ri, —u,, =0 (1)

sdg
A A Usdg~ Ucdqﬂ]idqﬁj\%Uﬁdqﬁiﬁﬁ%ﬁéﬁ‘%?%
RYATP AP Hs 1r) F . VSCl HE AR 38 L Hs 1)
AL IR R o R
*4VSC-HVDCH il i Ay KAF B HUdz i R e
BORME A T, MIFERFEIS TAIKT S (k-1) T,
JEIRRR AN, R A L P o1 -
didq /dt = [idq(k) — idq(k -D]/T, 2)

FERFEAI KT, 2] (k —DT, N, HLR AU
Igq ~ [1gq (K) + 14 (K=1)]/2 3)

HIFPWMBB A KT I, TFC 4 30

Py AR AN, I AT LB B R At B v
JEAERAE T T A AR AL -
usdq (k) ~ usdq (k - l) (4)

UL R, w B (D) s e, 133 VSC
AT A G B AR
Uy () =L Igq (K) —T'dq(k - Rl (k) +;dq(k -
ol idq(k)+;dq(k -1

tug k-1 (5

2 VSC-HVDC B LizHl SR

2.1 VSC BRNIEHUIEHI=S
EVSC-HVDCHE 45 R4+, thFAA£Edl
P A IR TH LI [R] ATV SC ) G W [R] R ZE DX B ], FELAE
PN IR T S0 A — A RAE S I e o PR g
2 R BT I 220 f 000 AP 55 1 38 (k=D T 220 (1 2
HoAl, BTN Z A VSC gt Hi R A/ A PW M i
RS IEAH:
{gq(k):i%gk-—l) ©
ucdq(k) = ucdq(k)
M E0(5) (6) P AT HLULLL I oC R A
Upgq (K) = =(L/T, + R/ 2)[ligg (k) = gq (K)] = Rigg (k) —
JoLLlig (k) + 14 (K)]/ 2+ Uygq (K) @)
A Ul (k) v gy (K) 2 VSC AZ U REE i Hs i
S AR NF] VSC (L i I S5 % (H.
LB R AR R iy (R o BT 565 KT I
Z 2 B RAE LI 25 2 FNAE L BEL L TR, B

k-1
g (KR = RZ[idq(m — g ()] (8)
50 (8 )4 AN (7Y HL I P9 B LR 4 s s

k-1

Uy () = K {ligy (K) = i3, ()] +Tiz[idq<n) —iy, ()]} -

i n=0
ch[i;q (K) + g (K)]+ Uy (K) ©)
Hr,
K=(L/T,+R/2)
T.=R/AL/T,+R/2)=1/(L/RT +1/2) (10)
K., =olL

HHC(9), i BRI AR 43 (P4 il 7 Ul ] DASZER



8 OE B AL

T £ %

527 3

VSC AT S5t I AR iy, (K) R 2B A i, (k) [
PO T Z PR EF——VSC L P PR B s, a2
fiRe H, 28, (k) 7Tt VSC-HVDC Ah3R#E
il 343 21 o

Iy (K)—
i, (k)—e

q

B2 ®RATEBIEHERER
Fig. 2 Diagram of discrete inner current controller

2.2 Smith Ff& 2 MEIEH
EVSC-HVDC TV B, B ki %
AT lm e, & S8t ERAR K, 51 R
G MR . Smith$g ) T —Mralidiy 5 42 Y
81 LI N 5P I B — N AMEIRAT, %A
PEIRTTRR A Smith Tl Al 8% o AN SC Smith A 85 (1) FEA
JIEE 2 ) FHOPRAS LI B84 1 — AN KA L A T S A o
ARG R, R TAL E A R 5 R F A
PRt a v, T A S s s P SR S
M5 A% FEL AL 1A A s 2 1) PRI A A TR M
M 20(1)73 Smith Fifl 2% J5 F
Upgq (1) = Uy () = Riy (1) — joLiy, (t) — Ldiy, () /dt (11)
FERA I R) KT, 21 (K + DT, A E AT 1) B2 :
{ucdq () =y, (k)
Uy, (1) = Uy, (k)
digg /dt =[igg (K +1) = i, (K)I/T, (13)
W) Eh R D) ~(13) 45 N A FE AR Al VTR
Iy (K +1)=(1=RT,/L—jT,)iy, (k) -
T. [, (K) —u, (K)]/L (14)

cdq
JET Smith TRAR &% 09 HLUL N BN il s 1] 3 P
7No Smith Fifli % )% H 2 VSC 56 KT, I ZI At
D RAE R A g (K) 5558 (k = DT, I ZRAE HL i ME
i (kK —1) IIZE{H . Smith Tl 24t &k =y
Algg(K+1)=—(RT, /L + joT )iy, (k) —
T[u, (k)—u, (K)]/L (15)

caq sdq
U RAE 5 KT SRR IR 2R AR i AR 4, #2256
(K + DT, KA I 20 L 0 9 PR32 2 ) i tH 225 L s

(12)

sdg

Uiy AR EAR A, Smith IRATRAGHS I HA L 0,
L 42 T R T F R 72 0 2 (K + 2)T, SRR 1
Tk AR AT I RS, Bk 0, Smith Fif 2%
AU FME. P Smith k58 HEET AN
AFRAE, RS IASE I .

i (4 iy (k) Uy (k=1)

igq (K)
> R [ i

| !
I

! pam | k)
\ TR Y Uy (k) !
| g I
1 g (k=1) T — !
| Smith R Tl &% |

|

3 BT LEHTIME R IR AIMEH R

Fig. 3 Inner current controller based on Smith predictor
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Fig. 4 Diagram of active power controller
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