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Research on the start-up strategy of first-order active disturbance
rejection SAPF with transition process

Yang Jianfeng Ding Yu Liu Yang Qi Rende

(School of Automation and Electrical Engineering, Lanzhou Jiaotong University , Lanzhou 730070, China)

Abstract : Aiming at the problems of voltage overshoot and current surge caused by parallel active power filter (SAPF) grid connection
under traditional control mode. Based on the protection of switching devices and line overcurrent protection from excessive current, the
article analyzes the causes of voltage overshoot and current impact by establishing a mathematical model of SAPF DC side. After the
above work, the transition process and first-order auto disturbance rejection control are introduced on the basis of the traditional series
current limiting resistor start strategy, and a first-order auto disturbance rejection SAPF grid-connected start strategy with transition
process is designed, which verifies the stability of the first-order active disturbance rejection control. The proposed startup strategy was
verified in the simulation software, and compared with the traditional proportional integral (PI) control method in the simulation, the
validity and feasibility of the proposed startup strategy were verified. Finally, through the simulation analysis, this startup strategy can
suppress the inrush current generated during the grid-connected startup process of the system within 100 A. Compared with the traditional
control strategy of 500 A, the inrush current greatly suppresses the damage to the grid; The voltage overshoot during grid connected
startup is 0, and the SAPF has no impact start.
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Fig. 1  Three-phase three-wire SAPF schematic diagram
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Fig.2 Schematic diagram of string resistance startup
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Fig.4 DC side voltage control structure diagram
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Fig.5 Overall startup flowchart

L (7) TR S B SAPF WA IR TAE, Kt kh
PRI 1, () W60 0,1,(1) = I, (1) 733

3 1 dﬁxw
3UA[F([) 3RLF(t) - ?L 7”F( 1) = ? a
(8)
RHEC(8) Bt A pidifElas, &
x = U(zlc
b=6U,/C

. 3.d.
f5—6mpc—615ﬁ+w

Hrh | o F7R @B PRI 1SR TN 5l #e
- ORE/C B - L AR, 5 o 4
ALD fo

3 T )RS AR AT 2 K SAPF LU Mk — By
ARG, 5ITE 6 iR B — e ADRC #=il#, ¥ kAR
WL 28 (extended state observer, ESO) J& ADRC 4% >
W8Iy F ESO BEIF O B, Xt 3h 2t 47 S LI 5
AT

&6tz gl B, z, Dk 2 O

B (8) FH x b f RFER 1S,

x =bu +f (9)

IR b AETE—E v e tE B AN ERA , DR G I Ak 2
FIA b, DS HIE I, fTRIH R (9) 50

x=(b-b)u+bu+f (10)

Ko —BirAPisity

Fig. 6  First-order active disturbance rejection structure

BAesh L IENE Ry,

h=(b-b)utf (11)

EHCRSZL R v, =w,x, =h, Wx=[x h]" AP K
R,

x =Ax + Bu + Eh

{ (12)

y =Cx

Hrfr,

HHESH H
A= B = ,C=[1 0],E=
0 0 0 1

F Y SRR ZS LI 2% ESO :

X =Ax +Bu + L(y - 3)
L : (13)
y=Cx
445 = Cx foAx = Ax + Bu + L(y - ) 14
£=Ax +Bu + L(y - Cx) (14)
R (14) R 2]

y

é’\L:[Ll Lz] T,A
- w, BN,

=(A - LC) , i e FR R E A

(sI-A)=(s - (-w,))* (16)
T (16) KA«
S+ Lis+L,=5 +20,;5 + o, (17)
XF L R BT
L=[20, o,] (18)

4 BREMSH

IR ASCR G R AR E 1k, X — B 2tk A
UL AT RS E PR BT, ZEA SO AR T R GE R
RETTHREAACRIE L, AR SCEZTHE 88 A
R E AT

E‘%ﬂﬁii%%ﬂ@%i&iﬂ*%,ﬂﬂ%%?ﬁ%iﬁ% x =



- 144 - LSRR R e o

LURRE

Sl w(e)) + bu BREA FHAEAE r, M H LESO B %
(2,2, ] YEUNF A5 .

k, 1 .
u=7(r—21)+7(r—22) (19)
Horp k>0 S HIER 280 WX (18) AT LA 1.
x=f—-2% +k(r—2) +r (20)

iar:rl’rz :r,j-JFEEI =r -z, g,
(‘.,‘1:%1_2'1:’"2_22 ==ke, —ke -¢, (21)

s 2, 02 x, TELAMEY SRV A8 T AL, &, =2, - 2,
JEMLINRZE

ide=¢,e=(¢,6) ., HFHA =[-k],A, =
0 0
[_kl _IJO
W= (21) AT RLVE R R
£=AE +Ae (22)

3 (22) st :

£(1) = exp(A,1)£(0) +fO(Al(z — ) Adr (23)

M AL - A, =k +ALA, TR Xl 727
ALAERE T A, = Tdiag| - A | T FFLL.

exp(A, 1) = Tdiag{exp( - A1) | T (24)

X TR IERL >0, A

lexp(A (e =) I, < UTIL T [exp(= A1) =

Bexp( - A1) (25)
M WEZIG, B AW
lim || exp(A,1) ||, =0 (26)
FIREA
lexp(A, (¢t =7)) || <Bexp(=A,(t-7)) =7
(27)

RS RS ek B QUM E S VNIRRT = lim lell,=0, Mifie
B TR B o, - HAHMEESRER n > 0, fFAEIER
ty, Bt > 1, i, e B " TEEUNT 9,

| [ exp(A, (1 - 7)) Asedr | =
0 2
Lo
| [ exp(A,(t-7))Aedr |+
0 2
] exp(a,(e=m)Asedr | <
fp
- [0 -
Bl A, aexp(=A,0) [ "exp(A ) dr +
BIA, [Laexp(=A,0) [ exp(A,7)dr =
)

exp(A, ) —exp(A,t,)

B A, [ zexp( - )\1t)
Ay

- BlA, - - .
A 222 = Nyexp( = A1) + Nyn (28)

BllA, |
2 2%

- [0 - -
Hh N, =g A, | e Texp(A,7) N, =

1

BB exp(— A1) —0(t— o0 ) S n WA,

tim | [ exp(4, (0= 7)) dedr | =0 (29)
Lraa(25) M(28) , Ak (22) 15
lim & 1, =0 (30)

PRIHEXS T r A SR AT S, RS0 BIBO R

5 AESH

N T AU S SR B A S AT 25T T 5
FURGIE 35 = A =2l IR B e ae i iy, Bk S
Bnz 1 FiR,

®1 HEERSH

Table 1 Simulation model parameters

S8 Bl

BMNEE U, , /V 380
N f./Hz 50

HIRMEBEARE U, /V 800
A L/mH 2

i R/Q, L/mH 5,2
Ja sl RO 3

{5 A TR I E A E S i BN 0.02 s, 2
AN BRI T R AR 2 )5 HAR T P
] A LA 0 E RS A5 E A 7 T R S R R

600
400
200
< 0
~, =200
~ 400
-600
-800 ¢ L . L . L . A . . )
0 002 0.04 0.06 008 0.10 0.12 0.14 0.16 0.18 0.20
t/s
(a) LI

(a) Current diagram

1000
800
600 [
400
200

0

HI R EE

U

0 002 004 006 008 010 0.12 0.14 016 0.18 020
t/s
(b) BLE
(b) Voltage diagram

K7 ANBCE ISR
Fig. 7 No startup strategy



57 3

WA T R —BY B BTt SAPF IS sh IR gAY - 145

MIELT (a) M) AT LA, FEAN B B0 8 0o A A 17
DU A IR 3 U A R RE R RS Bl {FL AL 3L A I A ot
IRBIEH TAEHIRAY 6 7%, 18 L 19368 AU AR A R I i
ili o [T X T BN L A P T HO BB e 2 X T
e AR BRI e P REA A5 e ) OR300 1 e A 1 A A 1t
AT IR IR B R A AR BT

R 1 PR — B FL IR Zh S
TS RN E 8 Fs

200 b fo i,

-100

-200

0 002 004 006 0.08 0.10 0.12 0.14 0.16 0.18 020
t/s
(a) B

(a) Current diagram

800
600
IS

2001

0
0 002 004 006 008 010 0.12 0.14 0.16 0.18 020
t/s
(b) HL.E

(b) Voltage diagram

B8 A Bl AR i — B A DT il s shmg

Fig. 8 First-order active disturbance rejection starting

strategy with transition process

M8 T LA H, 76 T8 A5 38 i 0F A RS TH R
7 B G A 3 o o — A A LR A AR A A DA
P, e i Sl FE AT B 00 R R A AT A
AR B — B A ST s 3 g T DL S SAPF T b il
Jagh,

FE SAPF J3 Sl i, % 4% B LR E 1T FFT 4347, 15 3]
& 9(a) B ig it o Hr i, WK 9 (a) & i H THD fHh
21.55% ;7E SAPF 1EH TAEJ5H THD {E°4 2. 28% 4n[&l 9
(b) 7R . FF A IR AR 3% THD < 5% 5 i, SAPF #
H RIS B AMETERE

Sy T ARE AP A PR, S A I U I R
fE58 P sk mg b A7 1 % Lo, I X Heatk A7 7 05 11, 15 5]
[ 10 iR SAPF ja sl B 5k, 5 Al
Pt 7 v J St FRAH LA, PT S 35 g 14 1 5l vl s B B
PEREZE R ShtE  AE T — B A Sl il s shaems iy
R S S,

Fundamental (50 Hz) = 106.5 , THD=21.55%

20
181
16
o\o 14
mﬁ 12F
41 10 1
X s
|
4t
i |
oL sllnaalla A.ILIIL B A nim & )
0 5 100 15 20 25 30 35 40 45 50
BB
(a) #MEAT
(a) Before compensation
12F Fundamental (50 Hz) = 102.3 , THD=2.21%
1.0+
2
WTEH 0.8
g 0.6
Sn
=04
L
0 Il- LTI ] I-I I I. lIII ll 1 Lalnaalal

0 5 10 15 20 25 30 35 40 45 50
PR
(b) #MEfF

(b) After compensation

PO RMEEHT R SR AL 3

Fig. 9 Total harmonic distortion before and after compensation

2001
100 |
< 0

-100 [

=200 [

0 0.02 004 006 0.08 0.10 0.12 0.14 0.16 0.18 0.20
t/s

(a) BT

(a) Current diagram

1000
800
600
400 -
200

0

UV

0 0.02 004 006 008 010 0.12 0.14 0.16 0.18 020
t/s

(b) HE
(b) Voltage diagram
10 A R PLS SR

Fig. 10  PI startup strategy with transition process

6 % it

SAPF Ji& ol ik A7 78 B IR0 000 B, e 68 978 A e, [RR) e, 35 b o
B M), A5 48 0 i B0 3 S BEAR I A0 i D 3X AN Tm] B, A
SCHHT T IR A PR L S B AR S B0 A Wk ] B HL IR o



- 146 -

LSRR R e o

LURRE

TR WO P, XY SAPF L MUMERT T HAE b
A5 ELHC IS A BN e B T — LA
LAY — Wy B ShOEN AT TR b, AT
SURAE , 3 5 A S R 0 A A e, i
T R R B R AT A A S R e, A
oL LR PR S AW L 1 FC0E R 2 e
MLl T/ B FE TR, O T A e
B 1 5 2 T A0 3 T L 7
it B R T AR 2D,

B30

(1]

(2]

[3]

[4]

[5]

[6]

(7]

TUYUE N D, FUJITA G.

combination supplies

PV-active power filter
load and

Power and Energy

power to nonlinear
compensates utility current [ J ].
Technology Systems Journal, TEEE, 2015(2) ;32-42.
BEHRIR EEAE, WA, BRIR SR A 2R
TN AR R R AR 773 [T ] AR 2R, 2019,
40(9) :237-245.

LIYY, LUO Y X, GUO L L, et al. A hybrid multi-
vector-based predictive common-mode voltage reduction
method for voltage source inverters [ J]. Chinese Journal
of Scientific Instrument, 2019,40(9) :237-245.
RAHMANI S, HAMADI A, AL-HADDAD K, et al. A
combination of shunt hybrid power filter and thyristor-
quality [ J ]. IEEE
Transactions on Industrial Electronics, 2013, 61 (5):
2152-2164.

ARy, B, IO, BT 0 B 0 = A
SVPWM 48 &t [ J]. AL I 4 5 {34 22 i, 2019,
33(3).161-167.

XU ZH F, WANG L, HU B H. Three phase SVPWM

inverter design based on dual-voltage-loop control [ J].

controlled reactor for power

Journal of Electronic Measurement and Instrumentation,
2019,33(3) :161-167.

SRR, T MR JHPAL APF 3 iTsE[ ) ].
HLAR T RERUE BILECR ,2016(23) :59-65.

ZHANG G R, WANG Y Y, CHEN X R. Research on
the Starting Method of Shunt APF [ J]. 2016 (23):
59-65.

BEAE e S R, A T LA R RSR 4 1
AU g A (1] B R R 54, 2010,
38(4) .58-62.

YINZ Z, YANG Y P, DONG Z Y, et al. Doubleclosed-
loop fuzzy controlled active power filter [ J]. Power
System Protection and Control, 2010, 38(4) ; 58-62.
4. A LCL i 1 I ) R, D 2 S s 4%
HIBFFELT]. AR ,2013(7) :16-20,29.

HU J G. The control analysis on soft-startup for APF with

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

output LCL filter[ J]. Electrical Engineering, 2013(7) :
16-20,29.

JESE WA R A P, A ORI U ) A R
ST ()], AR &, 2012(13) :33-36,56.

YAN H, YAO G, ZHOU L D, et al. Research on start
strategy of shunt active power filter [ J]. Low Voltage
Apparatus. 2012(13) :33-36,56.

ke B0, TRAR. TR IR A ) D B AR BT B O 1
rhitr BRI [ 0], AL S 4R 74, 2010, 14(3) ;
39-44.

ZHANG L, CAI X, ZHANG D. Study on shunt active
power filter design and suppression of impulse current
during connection to the grid [J]. Electric Machines and
Control, 2010,14(3) :39-44.

AR FPTIR R IT[)]. FE R e 5
2013,30(12) :1498-1510.

GAO ZH Q. On the foundation of active disturbance
rejection control [ J ]. Control Theory & Applications,
2013, 30(12) . 1498-1510.

TRAEEE koK, MR, 45, 36T 260 A Bid s dl AR
() PMSM {5 BLAF 52 [J]. 2 T %2, 2016,23 (S1)
51-55.

SHEN D M, YAO B, ZU L H, et al. Simulating
investigation on PMSM servo system based on LADRC[J].
Control Engineering of China, 2016,23(S1) :51-55.
HOON Y, MOHD R M A, HASSAN M K, et al. Control
algorithms of shunt active power filter for harmonics
mitigation; A review [ J ].  Energies, 2017,
10(12) ; 2038.

MR AR, TR o, S JTERAVE R R S As
JER AL Bt [J]. f 4 5 A0 27 4, 2015,
29(10) :1529-1535.

HUANG H H, WEI W, SHEN Y P, et al. Optimization
design of voltage loop for shunt active power filter[ J].
Journal of Electronic Measurement and Instrumentation
2015,29(10) :1529-1535.

ST KREESE MRS, SE R TR IR A O O L
sl I o - L [T ] W TR 2R, 2012,
27(2) :229-234,242.

WANG L F, ZHENG ] Y, MEI J, et al. Instantaneous
energy equilibrium modeling of DC side voltage control for
active power filter device [ J]. Transactions of China
Electrotechnical Society, 2012,27(2) :229-234,242.
TR A A A TR IRl T BRI AR 1Y S B
JRshiERI[1]. TR, 2016,50(9) :39-40,57.
ZHANG Y J, YANG SH F, YANG ZH. Segmented
startup control for parralel active power filter[ J]. Power

Electronics, 2016,50(9) :39-40,57.



578 WA R —B A BT SAPF Jf R Sl SR 5T - 147 -
[16] taSI%E, Wk, A XK. JFBIY APF HiJs sl s i B [a] power grid-connection based on first-order LADRC and its

[17]

(18]

AR L[],
37(9) :1904-1914.

YANG J F, YAO H SH, SHI G. Research on time
optimal control algorithm of parallel APF anti shock[J].
Journal of Systems and Mathematical, 2017, 37 (9):
1904-1914.

W rg R, AR R, A KR AP ML — B et A BT
Yo il &% 09 B ik (], # W TR, 2017, 24 (9) .
1818-1822.

ZENG Y N, ZHOU B, ZHENG L, et al. Design of 1st-

R G Rl 5 802, 2017,

order linear active disturbance rejection controller for
PMSMs [ J].
24(9) .1818-1822.

R, 8B, . — B LADRC KU I R
il B HARE P [0 ], W s R e SOH A 34,
2020,32(7) :33-38.

ZHU SH J, WANG Y, HE CH G, et al. Control of wind

Control Engineering of China, 2017,

stability analysis [ J ]. Proceedings of the CSU-EPSA,
2020,32(7) :33-38.

WIS, PN ER B Bile. St B PTp s il fs i AR E
WFE[T]. A Bk ,2013,39(5) :574-580.

CHEN Z Q, SUN M W, YANG R G. On the stability of

[19]

Acta

linear active disturbance rejection control [ J J.
Automatica Sinica, 2013, 39(5) : 574-580.
EEE N

5 8 $% , 2008 4F T #T L2 AR5 1+
S, B 22 N S 3E R B B, BT ST
5 1) A L RE S R RETA B,

E-mail ;1zjtuzdh401@ 163. com

Yang Jianfeng received his Ph. D.
degree from Zhejiang University in 2008. Now
he is an associate professor at Lanzhou Jiaotong University. His
interests

main research include power quality and power

management.



