5545 45 4 4 ) T 5 B 3 & Vol. 45 No. 4

2019 4F 4 A Industry and Mine Automation Apr. 2019
NEHS:1671-251X(2019)04-0049-06 DOI:10. 13272/j. issn. 1671-251%. 2018110002
W H X FR L 6 &5 #ME 25 BB AL R BR 42 I °R R

Wi, AL

CREG PR AEs0 PR 5E R TR B, bt 100083)

FH R 3 b 3%
WE AT B ST HILER Y AMEZE S & R A AR5 648 %0, & B & R 3T 42 &) ks B A 42

e AU Wb R AR R AR 69 AL AR T — A R AR HE R 69 57 IR 4 Xk B AME B B R SRR
P Fowk . AR ) e DA SR WA B R A ) ek R e R B R AT AR IR P e AAME IR Y i AME 3R
WE TR A8 R G IR B R RO B, RA A A PRI X AT AME SR AT E , T
B ith T R G AME RN 69 LR K Ko AAAME RN G 49 2 ) Rk T A 0K PR A2 R 2L BT Aok ) b R e R P %
B vf AR AR AL Bl B AME B A R b R AR WA TR DAL 5 R R AU LI Rk A AR
Bl W R B A ) A B Y B AR IR R AOR

E@EF. T X BRI T AMEE; AR, A ER; W EAME; S48k 5454 STATCOM

K 93285 . TD611 SR ER AR . A

Current tracking control strategy for mine chain STATCOM

TIAN Xu, MA Yue
(School of Mechanical Electronic and Information Engineering, China University of
Mining and Technology (Beijing), Beijing 100083, China)

Abstract: In view of problems of strong interaction effect between STATCOM and power grid under
weak power, the power voltage feed-forward control strategy is not effective in resisting power grid voltage
distortion due to the delay, a current tracking control strategy for mine chain STATCOM considering
control delay was proposed. The control strategy is based on the traditional proportional resonance control
strategy, and compensation link is added in power grid voltage feed-forward link. The compensation link is
equal to reciprocal of product of sample delay and control delay transfer function. The approximation
expression of compensation link available to meet the requirements is derived through MclLaughlin
expansion. The compensation strategy added compensation link can eliminate control delay and avoid
influence of grid voltage distortion, so that the STATCOM can still work normally when power grid
voltage harmonics are large. The simulation results show that the control strategy has strong ability to
resist power grid voltage disturbance and good control effect of current tracking.
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Fig. 1 Circuit topology of chain STATCOM

HT T B F TR AN ER B0 I ) RCROR L BT A fRCE
FLUE AERAEE I B E T R e, A]
LUK AN BET & OF SRR — AN BRSO SR R0 I
wE 2 fros. Kby w, M E . w N
STATCOM 42 A i B H S » e oy 80 370 B B 1 HR TS
i. 4 STATCOM #ij i L

L, ii Le R

2 fEX STATCOM FAHSE R f%
Fig. 2 Single-phase equivalent circuit of chain STATCOM

I 2 AT 50, STATCOM iy H B i Al 32 7 0
(LoL) Y =y R, (D
dez

1.2 #%4 X STATCOM 35 4] % vk

i F4% 0 STATCOM 1 = #H B i B 26 ok 57
#iok  dq AR & g R L D S d Bl g
03 4l iE . it &K, WA, TR E X
STATCOM iy = A ) H T AT dg 284 )5 A e
A7 PRI R B A A T LA A R ) AR AR b 2 L )
PR ) LA o) 2k R A m U A AT BT R AR
SCR FH 43 AR ST 5 1 SR

K 3 AR 7 4 i B 9 85 X STATCOM (9 %
il SR W AT R OB BR 25 44 o F R AR IR AN 3 B L
T A LI 00 H S O R A A8 I L O 2 A LA T
i G5 KB T 43 Sy E R R 57 A6 I 5 O R kR R R 4 o
25 HURARAL AT I AR R R LR v s e s
u AR B = AR AL @ s g s e s LI BE R R



2019 F % 4

W e 5 4 X # ok Bl AME 55 b R SR IR 48 ] Kok . 51 .

H A8 11 20 1) 6 = AH T H R AT R A T
3 AN H Bl FH 4> (Proportional Integral, P1) 3877 #5 4H
J s UL P 25 0 MH wtaeeer VB0 25 45 M U PP 2 B A
Uaen s e » waee VE R PR A5 00y A Hodan 1 28 2 A%
T8 Y8 U A 5 e DL R R GE R AR A AR S I 5% R R
ZHEBMT AR S . H EAENSE R
T IE B i o Lo, LR AE N ZE R e

Lhref 9 Lerefl o

Q
- sin g,
@a sin - [ 2
Uy, — cos Pa >

- sin gy,
upe —] PLL Po | sin 05 01 ‘%

cos >
Ugy = % | sin ::::;% Y
ca cos Pe
Ugeref. A\ Laref
PI —>® Vw >
Udea
Y .
Udcref Y + Loref
PI —>®— (+ —
UgeB
Y :
Ugcref Q X C: i,
cre PI +-< cref
Ugec

B3 L Ah B4 ] S m
Fig. 3 Control strategy of outer voltage loop

FHL I PN R o SR n 1B 4 PR, E A
P B R A BT B L AR YRR 2 ANy, W
T ER R A A A S H O e 5L BR L
AR 28 33 [ ) i §R (Proportional Resonant, PR)
RS B AFEA SR ERT D o, JFAE NS 2
2 e i S A 0 o B R ) B A A B s
5z BB & S R 2 2485010 — A B 5
P LIZAIS B oL . 872 % B R DUZEE T
W RS 3 AR R A PWM ) 2875, 58
ST I B AR AT LR, AR %R Y B PWM ik i

(R

PWM

i N y
B ) B
i U

B4 PR P B O
Fig. 4 Control strategy of inner current loop

SR FH 43 RE M ST 4% ) S 2% AH FRL O AR B 00 A
55 O R XSS U A A R T PT AR W JE v AR IR
RS B T H 25 . PR 45 il 76 55 58 90 Ak 1) 34 25 R
oG5 Ko A K PROJE &% o I ERE 428 1 25 10 38 4 4
FRYBLE N T (50 Hz) T A, 38 45 il 20 7 32 4000 26 b
(R 138 25 R T0 55 K P BR3 £5 0 1, W) AT S B AR A
TC w25 IR ¥R

AR PR 4% 1 &% th e B 25015 7198 IR 2619 4
i oA 3t R RN

Kr
Gpr(s) = Kp+sz +wf (2)
KK, N B R B K AR 45 o0 O i 3

H 2 PAL PR 426 &5 72 5L LAY i R vh B AF e
—SeR L FERH T . O BAMEMIE PR %
) 5% 75 3 4 A0 Ak 1Y 18 5 S T8 95 R {H 32 B DSP,
FPGA KB FR . PR F ] 28 XELASE B @ Wi T
AR PR P 4% 094 58 AR A% . 24 &R 48 HL s 9 000 RO
AE ™ 4% 45 T 1 R I P21 SOR il 2 AT 3 1.

BT L E 2 SR 7R S BR AR b R
—ME Bl PR(Quasi-PR, QPRO#& il &% . H AL iR
2K, w.s

(JQPR(S) - KP _’_Sz +2Krw(.5+wz

K w. HEALIR
2 R B AY RO ER BRI IR
FL AL P B AT S AR R E A R AN P 5 P

Uug($) 1 4

5
ref - io(s)
iref(s) m 1 io(s

3

+ R.tsL,

() fEGefr Rl

ii(s)

i(s)

() 5 4 ] ) S I 1) 80~ 4 1

w)y
irel(s) + — 1 ic(s)
4.?.(@,(5>)_QL.{+ Geomp(®)|+] Gz | ¢ oL

() I SHE Bof 42 254 Ji 11 o A
PS5 HL I PN B R S5 2 B R

Fig.5 Mathematic model of single-phase

equivalent of inner current loop
A (D AT B 5 1 8 2 STATCOM 1y 31 4%
il Z G0 0 AR A5 R A 2 B AL A 1R 5 () iR, BT
Gl(s)ﬁﬂlj\]%?iﬁrﬁﬂ%%yﬁzﬁi* Gl(S):GQPR(S)D nJ



« 52 5 B

2019 £ % 45 %

PLAE . STATCOM 22 A S5 LR w, (o) 55 % Y HL 3
Z IR = R A HAEH

T S R FT 5 S B B A B G &L 5 (b)
FIT7R » B T R A% 3 o 250N

G, (s)
i(s) = R.AsL. G (s) )
Lerer (8) 1+ G, (s) R, +sL.4+ G, (s)
R.+sL.

O R LU H 3 A H P e R 45 H ) e
JE AL B RS I oy i B A B A5 DLOE BRI , e e
EHEMRE RS S H A G, WS R G H R M
AR T STATCOM fi th Lt A 232 3 R 40
HL R (14 5%

(BAE 52 BRI o STATCOM By 45 1 4 0 %5 78
DSP w4 B B AT 16 7 305 B O s 4 o) ) 4 45
Tt . AR RS LR, P g e A Y 2K
SRR 5 (o) TR » f1F DSP # fil rf 4 45 R A B0
7R B A o PR Y S AR R Ok T ) AL 8 R

ﬁﬂﬁ%%ﬁﬁ%%ﬂiﬁ%llkﬂ%m

G ()~ DL g o2 i 45 8 A
RGN o T AEI SR 5 97 1 0 56 15 Tk
S 4 o o, PR 0 o 8 T3 O S0
AT LA BE AN IR 1T A 5 (D) o, 35 b A4 36

— oy RGBT AE T LLEN . 1
w (5)

jﬁ Gcomp ( S )

1 T.s

- Gz (s) - 1 —exp(—sTO %)

G eomp (8)

— 1 - .
¥ exp(—sTOE WM ————, I RHZE 755 M
exp(sT.)

JEIT AT AL Ak 2, W] 45
Geomp (8) ==

T.s _
1 — 1
T. [T¢, T, Lo s
1—|—1!5—|—2!s —0—3!5—0— —Q—ETCA
T 3 T ;2 T. 3 1 oreen
Tot gyt gy’ bgps T b g T

(6)

T. T ) T P | -
ﬁ+is+§s + iji!TCb

Rk BOAS [ BN L 22 7 57 bhORe JT 505 el A%
128 PR A A SRR L AN P 6 BT . NI 6 mT LA .
S A I RSB TT NS Geony, (5) BRI A M 17 S AR
B T DL AR SCHOCRMEE IR 5 19 12 336 o B0A

2 3 l
T.+ Ls -+ T st sz
Gy (5) = 1zt 381
comp \ 9 L + L(Z + 2 B
TN

6+6T.s+3T%s* + T35°

6+ 3T.s+ T%s* 7

— Geomp
k=1
1.04F — j=2
g k=4
1.02
o
=
1.00 «
0.98 L L y
10 100 1000 10 000
$F /Hz
(a) WA 3 75 L& WOR
18
_Gcamp
151 k=1
o — k=2
S 21 s
"ol
g
g 9
3k
0 I )
10 100 1 000 10 000

Bi# /Hz
(b) AHALHE 45 19L& BOR
B 6 NI BBCT 22 50 57 MR I =0 35 ROR
Fig. 6 Fitting effect of Maclaurin expansion under
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