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DC Offset Suppression Strategy for Quasi-Z-source Inverter
Based on Observer under Weighted Average Current Control
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Abstract: Aimed at the issue of DC offset injection to the grid when the topology of a quasi-Z-source
grid-connected inverter without isolation transformer is adopted, a DC offset suppression strategy based on an observer
under weighted average current control is proposed in this paper. First, the topology of the quasi-Z-source inverter and
the causes of DC offset are analyzed. Second, the order of an LCL filter is reduced from the third-order to first-order by
weighted average current control, thus simplifying the system model and eliminating the resonance problem. Then, a
disturbance observer is utilized to observe the DC offset of inverter output voltage in realtime, the DC offset disturbance
is dynamically compensated by feedback, and its stability is analyzed. Finally, the proposed strategy was validated by
experiments. Experimental results show that the proposed strategy can effectively reduce the DC offset of
grid-connected current, meet the grid-connected DC offset requirement of less than 0.5%, and ensure good steady-state
and dynamic performances of the inverter.
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Fig. 1 Topology of quasi-Z-source grid-connected inverter
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56

MARTT, A ISP UR P BT LI A5 ) Z 50042 i 00 O 540 ) SR 155

7 A — AR ERDY G (s) BB R
(ot R, ik h

Gh(s)zl_e

sUih L T AR

I e L P ER R R P el 4 7% A4
el 4 AT R R LA £, SR L R
LRI Gy (2)

(3

G,(z)= TH,G (2)Kpwy | zsin®,T,
’ (z=DwLiL2C (2 =2cos T, +1)
(4)
- L+L
Xp, o ="1-"2,
LLC

2 AR

WAEA (D AR ATER, gl 5 s .
MIEL S sATUE Y, 1 Z P g% A LCL R
fIFRIN, BT RGZ =Y, 76 LCL IEMAHY
ISR AERWEFAR LI , K5 SRR
o I ] R GU i MERE . N, ARSCR
WACC, HEREIER IR TIRL, K LCL I
e =B — B, HERIE RS RGN, il
PRI ST,

80
60
40
20

1 ¥

&
(=}
T T
|
|
|

102 10° 10* 10°
P /Hz
(@) MRAE 4

180 T

[T T
= i

10° 10! 10? 10° 10* 10°
P/ Hz
(b) FHSTHRIEE

Es5 G,omaEE
Fig. 5 Bode diagram of G,,(2)

WACC SR FH AR 250 FL 3 7 R P A0 P 3 4, 3967 7
IECKRAT, AHBMECFE R @, #EAT R S8
MEEI WA 6 Frs. K, gl 1B AIACE R
AR ZRE MR 6 WIAFIBCT- R i, Rl
MBI REL G, (s)

G, ($)Kpyn H[L,Cs* (1= ) +1]
L1L2Cs3 +(L, +L)s

MRS R L- =L, /(L +L,) I, K(5)

(A 326 PRSI P S8 BB TS, DK LCL 980k

(5)

G, (s)=

Uy

+ 1 i

J [
Il Glegs) 5

|
ne
sC

H,
il

B 6 hniFrrR iR R HIE R

Fig. 6 Block diagram of weighted average current feedback control

it =B — B, TEERISHR SO0 RGN, D
A(S)ATdch
G, (8)H ;K oy
(L1+ L2)s
MR BN BRI L, +L, (09— L0
WeasFErE. I, SR WACC WK E 4 ()3T I H

Gl,(s)= (6)

T NI P IHE AR TR ] 7

Udc U.’l
4 ++ +7 i
N _

E7 EF WACC B Z IRiF 225 W R i
Fig. 7 Grid-connected current control of quasi-Z-source
inverter based on WACC

bref +




156 i, b

E 4 $523 %

K7 w7, L k2R WACC L7 i B 0k 78 Fh SR
i, L=L+L,; H, AWIACEF AR RE H
Pl 7 IS B i U BB LR 6, A5 3
PR Gy, (2) M
[lz(z) B zT

S

Uyo(z2) Lz(z-1)+ T"SH,.3G,. (2) Koy
(7)

G, (2) =

3 DOB#lHIERWESH

DOBP A AN ] 8 k. (K. P(s)
NSEBRZHEXTG 5 P (s) IFRFRER ; G(s) Al 4 ;
R(s). Y(s)sril ARG A . fitlh; Uls)hhiEiz
HAREL; O(s) MIREIETAR 5 E(s) R R
DOB JFFHJE:, W24 Xt G oM ol X N S50
3 B A i BT 5 R AR AR 1) 25 S5 SRR R G
s d(s), it DOB fhit ksl d(s), Rk
Pesh d(s) Sebst im0 il i s Cs), BT
¥ RGN d(s)TE R Z /T K BR . &3 OCs)
SARE G AR , 24 R GR/ N T S A4 R
RIS, IR, BeEX T G T LIARFRAL ;
U RGN TR, A s 5 515
Lhgmi =,

B8 DOBEAXFHE
Fig. 8 Basic principle for DOB

KHI WACC J&= , G it AL o 7. I,
WA DOB J5, RGFEHIHEE L 9 FroR.

B9 E-TF DOB HFERRIMZHEIHEE
Fig. 9 Block diagram of current-loop control
based on DOB

mIE 9 i, RGNA DOB J&, ¥ Z T
PO 338 0% 25 i PR Y LR N B i U R SRR
31, FIHH DOB XHLsh Hii i &t U, #4752
RO, , BIHRBHME, DUEBRISh E i RS
it U, XTRGERSE ., AT DOB J& H i i &
i U, B i i, R R G, (2) A

G () = 1,(2) _ zT[1-0(z)]
Uy(z2) Lz(z=-1)+T.H;G,(2)Kpyy
3.1 DOB {KiEIEKEFIZIT

DOB X B 3t fh - 2t A4 il M R B e T3 1
Wedw O()MiTt, FEX DOB JEM#R TS H0K
o XTREENSR, A

J g
as’+a, s +--+as+a,

(&)

F(s)=

©)

bs" +b, s+ +bhs+b,
DOB i@ JE B A BEHh

e, (z.s) +c  (z,8) "+ +ers+e,
d (r;8)" +d, (z;8)" "+ +dzs+d,

(10)

Os) =

A, o AU Ta]

JTH4IE DOB ZE4PE FRSEBE, BEITIEIEAE
W, RIEm—1=k—j , B O(s)FARXT b2
KRFHET P ()IAXIBRUK; [FRS, 25 g
FESRBYRE,  m— 1 BB NI AR SCR 4
P(s)=1/sL H—Br &5, Lt O(s)H—Brik
SR/ | W)

)= rfsl+1

R T AT R G ke P RSSO, R %L
g1 7 e NS N T R N

10/, < f, <0.1f, (12)
Wor. B £ ARHIER SR E AR f,
S oAU 2R RS MR Bl A

X (12) ) — B IGE B B A, AR R A
o, =1/7, =2nf, , KA

iqf <O (13)

2xf, 2mf,

ARSCTFRITHA 10 kHz, BRGETHINRN N TT
KA 1/10~1/5, ML 1/8, R 1.25 kHz, H

(11)



56

MARTT, A ISP UR P BT LI A5 ) Z 50042 i 00 O 540 ) SR 157

TN 50 Hz, EIRMLEHFEf 4 0, A DOB
JER T A FR SR ENE, TR /R 1.25 kHz,
H Pl B i 1 33 pRECTE AN TR] 7, T B B BR i 7
Mk, ik 10 Fis.

0.6

0 0.005 0.010 0.015

Isfil/s
B 10 ERPLah{Eis R B R x e
Fig. 10 Comparison of step response of DC

disturbance transfer function

HIP 10 R, BEE UEE E] 8 o R,
VAL RN 0 A BIS . PRk, 7ai 23X (13)
N, DR, AR ERRLEEE, (B o K/ha
SO e P A o TRIESS SRy 1 AN MR B 14 B
ABJ1, Q@)W FERi KT 50 Hzo ZRG% B E LD
MHIBE S PR GEM R , DL sl i A 75 10 52
M, Bz, =1.6 ms,

Hit, KA WACC irf, REEIIA DOB J& B
(B U, S5 ) B RO

, z(z—cosw,T))
Gy, (2) = =

2 =2zcoson T, +1 '
T,

: (14)
L(z-1)+T.H,;G,(2)Kpyy

zT;
e

1 (7)1 14) AT ATE [R]— AR bR T A L e
DOB 5 T 5520 L it i 1 00 28 Gt it A0 i A4
TEEL, 11 o

M 11 AT LUE >R 1] DOB il 0 v 2
AT B 10 ] P D 5 0T i o ) S U A
HRRFERTI DOB T HYIEHAEA, HAAGBATS
LA i ) S DB
3.2 RGREMSH

HIE 9 751, HIA DOB J&, ZRZeHAZ|5HH
AR R P A 8 pR R R TR 2

ky(z =)+ kzK o H ;T
k,(z=1)+ kzK pyn H T + Lz(z = 1)

(15)

AP, of =1/7.5 G@)=k, +k

H(z)=

2 ]

SO T T T Fedtmmomse
RN M A S e B AR L

| i

107 1072 107! 10° 10! 10? 10°
i /Hz

11 A&. X DOB TERREE RS HK

TEsia = E X t

Fig. 11 Comparison of amplitude-frequency Bode diagram

of DC offset to system output with or without DOB

P12 315 B PR 6 R TR T, MU
Hn] LI ARG MG s B0 AT 3 s, HAR
TESRALIBI, R, PRt i REEREE R, B
JIT R 14 AL O AT ) SR AT ARG E im AT o

1.0

0.8

0.6

0.4

0.2

HE
=3

0.6m/T
0.80/T

-1.0 -0.5 0 0.5 1.0
ek

12 FIRMEREHEREE

Fig. 12 Pole-zero diagram of closed-loop transfer function

4 SCIHIHE

R T B EAR SCRT IR T LU O 410 1 S W 1
Mk, 76 HIL 2R S5 F- 6 gk, SEg-F-6 an
& 13 Frzs, EAALAAY StarSim HIL #7565 320 B%
Bl ml % 5 HIL SCRH A8, 5 DSP il
PR F S TMS320F28335)il 55 1/O #4411



158 i, T

i 8503 %

B

AR S, RESHIE 1.

e

E13 XBFE
Fig. 13 Experimental platform

K1 BESH

Tab. 1 System parameters

28 gl
FRIERIE V, /V 400
HFHE U,V 220
e Z IRMAGHEE C . C/uF 500
e Z IR L, L/mH 0.3
TP L, . L /mH 25
UEIE AT CIpF 12
FE U R L/mH 5
Hil G ZE D, 0.2
TP . /kHz 10
REEAIR [ /kHz 20
TG-S L R AR R B H 0.15
koo k, 0.5, 30

4.1 LEWER

RGEAMA DOB I, i Z JHLZHUE u, FIIF:
WIHLIL 7, FLTHLIR u, BOE AN 14 R 15 PR
ME14 FTLIE W, 1 Z VRS R ] LI E 1)
HUERIT s, JF BB, e EEoK,
P15 (a)nl 41, I o Hi i 5 R O | T RS R AR A T
RN, RIAPTITTEIE Z TR L2 R AR
I FL i N AR R S8 FT LAOE B R g 181 T o

] 15(b) A Z P07 g 31 D90 Hi S I R L
THD(total harmonic distortion) T (ZAAL AR LT 5
AR, TR AT LAE I LS 0.90%
LA R S, AT G IR i B O

/(100 V/£%)

/(20 ms/#%)
14 K ZFEHEBHEE

Fig. 14 Quasi-Z-source capacitor voltage

u,/(100 V/#%)

v/

/20 A/HS)

! 1

| z/l(zo rlns/%) |
(a) P HLE AL TR

THD=1.01%
10'F 0.90% I il B4k

WEARLC o 0 7 43 BL)

_.
<

0 200 400 600 800 1000
PR /Hz
(b) Ff M HLFETHD 43 A
B 15 RMETRER R EMH KM 2 5 iR
Fig. 15 System output waveforms without proposed DC

offset suppression strategy

Ko P16 AR H BB i 100 4 SRt A
W R E AT THD 2308, ML 16(b)RT LA i, i
ANIZRME e BT E RN H Dy 0.06% 47, /INT
IFRIZER A 0.50%, SLHE5 R I Hh i) B
AV SR R A S5 A ) B, DA O
o L i i K

R IE TP ARS JE T RN R G SIS TERE ,
TR YIRS . WIDT IR R BB AT e AR,
0.1's Jablfe a8, SLRZMPIEmE 17 fim.
LA, RGO R R R TRE
1847, RUIFHRRIE A RS SIS TERE



MARTT, A ISP UR P BT LI A5 ) Z 50042 i 00 O 540 ) SR 159

%561
. 2RI
o | A
AR
£ ”\PU ;
5 AV
S [./(20 :ns/%) S
(a) HEMHLE HL B
10 THD=0.96%
10t 0.50% B i B I W b
0.06% H. i fhi & &

(A HENE 4 )
2

i

0 200 400 600 800 1000
Bz /Hz
(b) I F L THD 43 A7
E 16 MMAFTRERRIREMH R IE R oM H K
Fig. 16 System output waveforms with proposed DC offset

suppression strategy

i /(20 A/KS)
v

Iy
«

/(20 ms/#%)
B 17 RAFRRENZZNNEEEIEER
Fig. 17 Experimental results of dynamic performance of

system with proposed strategy

42 FRAESUBHEXL

PN AT R NL e R YR W R S B
BRI Ak AT B o SCRRT 1 TR 22 70 R
o TR T8 8 0 A8 o 300 7 25 i 000 P S ) L v
AR BRI, SN BV (i ELA R (], SCBE
TV BN A o 2T TR, A
A0S SR AR RS A ) P, B ARSI R E AR SR
IECF- 2 v A Al AN RES AR , 11 LRI T 8

PEXTGE, i s T T B [ A A e
SN — N BIE, R DOB #EAT LRI
WM, TR TR IR RERE B i f I S 37 M
B IR R B, SR E AT AR

RGREIBITIE , WHUE IR 5% B i B
HIEA, 0.1 s IR TEE I e SCRR[ 11107250 4%
A, XFH 2 FOTEERIIERIRCR, ANkl 18 s

| T
L 424, £ 140.02 A ]
'ﬁ‘f’ﬁlfll R R I T W W W Sl Wy WY W by T G .‘h‘-*ﬂ"J.;f: -
P | NIN N
ﬁ \ IRy VEY S IE A
< 1 (1N [IRIRIRN
=R UL
Q R | 1
S HOatOannsateaan Hit
o | i W
ERRLRERASRERAARE! AR
)w-,,srl y SR CH BT L S URLELE RS S | 1Yy
| |
F 384 139.98 A
/(50 ms/#%)
() SR FHSCHRIL 1T 5 123 W LI I T
247018 40024 1
"I G O L N TR W e N N e W 6 e Ve o E
~ | B IED I W
L (L .
% POV TR (L I
<(>4 PUCCELE LRI UL L L UL EL LR LR L L LR LB &
5 I Il
< HOH L
=T EA RIEIEIR] p
F VL AR 1
Eroser T"] """ F:.Iﬂ',;, """""""" B
L 384 139.976 A 1

;/(50 ‘ms/i"%) |
(b) SR B4 J5 14 5F M LA B
18 PFTR7A RS 3CHk[11) 75 ERT L
Fig. 18 Comparison between proposed method and
method in Ref. [11]

WP 18 HRT LA, SCHR[ 11 RERS B I
M S%BERE] 0.05% 247, FEATHBR B i lm s, 2
SIS VHEERT A 0.4 55 AR SC5 8 DR 0 e
M 5%REARE] 0.06% 4547, IAE 5 SCHR[111AH 24 /iy
HIRCR, (HEhA TR IR, (Ch 0.1s, Z5 L,
AR SC TR B L O T ) i 5 SOk [ 110 A
b, BETHENE R, AT T AR, HAEAF] 53
BRIV AR S A fIRCR , Zhasm n k.,

5 4Hig

BB 2 TR AR AU Z IR0 AR LR



160 i, T = Eird o523 %
A e A X R R, AR SCHE HH — i B O 4 o Chinese)

b5 2 M R e OANGEN L 1 T ol | D R 7

(1)i%&i+ WACC ¥ = LCL JEI 2555 —Fr,
HERISIR A, st %, 5 FR5E .

QYK Z VR AR g FE R Y LI e
HICASNBYLSh, KA DOB X9t 8l B i i & i ik
TS Al I RO A, T BRI Sl B T R
)AL

G)SIREE T, W Z FIE RS g TE fr il
TEL I A SR R LA S b ek /L L O
TR, I R E N T 0.50% 1 2
K, HEA RN RGeS PERE.

SE Lk

[1] #ERIGR, #58. 5T LCL SERLA# e iR fHea Mt
W3S e P Jr vk ). HLURSAAR, 2021, 19(3): 70-76.
Fan Ganggiang, Yang Yong. Control method for grid-
connected inverter in new energy microgrid based on
LCL parameter optimization [J]. Journal of Power Supply,
2021, 19(3): 70-76. (in Chinese)

(2] #AL, Bk B, B, 5 ST o SR EOf

PO 305 25l PO S O AT SR (0], R TR SRR, 2023,
38(11): 2908-2920.
Yang Quan, Liang Yongchang, Wei Jianrong, et al. Rese-
arch on harmonic suppression strategy of grid connected
inverter under multi-harmonic sources [J]. Transactions
of China Electrotechnical Society, 2023, 38(11): 2908-
2920.

[3] JEICC, R, BRER. —AHE R Z I AR 2R
BARFNRT RIS (0], HUR2A4R, 2018, 16(4): 133-142.
Qu Aiwen, Xu Junyang, Chen Daolian. Circuit topologies
and modulation strategies for three-phase voltage-fed
quasi-Z-source inverter [J]. Journal of Power Supply,
2018, 16(4): 133-142. (in Chinese)

[4] AR, PMISZY, BESET, 5. —Fhie LCL AU i
o FEL AL P R BE A SE I AMATT A (], P R A HL T A S
2, 2020, 40(19): 6320-6330.

Wang Lin, Sun Pengju, Xue Tongyu, et al. A delay com-
pensation method to improve the current control per-
formance of the LCL-type grid-connected inverter [J].
Proceedings of the CSEE, 2020, 40(19): 6320-6330. (in

[5] Zhang Weichi, Armstrong M, Ali Elgendy M. Mitigation
of DC current injection in transformer-less grid-connected
inverters using a voltage filtering DC extraction approach
[J]. IEEE Transactions on Energy Conversion, 2019, 34
(1): 426-434.

[6] Xiao Huafeng. Overview of transformerless photovoltaic
grid-connected inverters [J]. IEEE Transactions on Power
Electronics, 2021, 36(1): 533-548.

[7] Gonzalez R, Gubia E, Lopez J, et al. Transformerless
single-phase multilevel-based photovoltaic inverter [J].
IEEE Transactions on Industrial Electronics, 2008, 55(7):
2694-2702.

[8] Long Bo, Wang Wei, Huang Lijun, et al. Design and
implementation of a virtual capacitor based DC current
suppression method for grid-connected inverters [J]. ISA
Transactions, 2019, 92: 257-272.

91 EF, FNE, sk, 55 JoEEERER S EDLROf

P 39078 e LU AP B R[], v A AL TR SR,
2009, 29(36): 23-28.
Wang Baocheng, Guo Xiaoqgiang, Mei Qiang, et al. DC
injection control for transformerless PV grid-connected
inverters [J]. Proceedings of the CSEE, 2009, 29(36): 23-
28. (in Chinese)

[10] He Guofeng, Xu Dehong, Chen Min. A novel control
strategy of suppressing DC current injection to the grid
for single-phase PV inverter [J]. IEEE Transactions on
Power Electronics, 2015, 30(3): 1266-1274.

[11] Chen Min, Xu Dehong, Zhang Tao, et al. A novel DC
current injection suppression method for three-phase
grid-connected inverter without the isolation transformer
[J]. IEEE Transactions on Industrial Electronics, 2018,
65(11): 8656-8666.

[12] Long Bo, Huang Lijun, Sun Hongbin, et al. An intelligent
DC current minimization method for transformerless
grid-connected photovoltaic inverters [J]. ISA Transac-
tions, 2019, 88: 268-279.

(13] BEAE, M, frid, S5 fREH] ST b A it 2
IR Z SRR, AL RBRTEOR, 2021, 40(4): 10- 16.
Kan Zhizhong, Jiang Chunpeng, He Hao, et al. Wide
range input improved series Z source inverter for energy

storage [J]. Advanced Technology of Electrical Enginee-



56

MARTT, A ISP UR P BT LI A5 ) Z 50042 i 00 O 540 ) SR

161

[19] W44, BERTE, E2EAE,

ring and Energy, 2021, 40(4): 10-16. (in Chinese)

[14] Long Bo, Zhang Muheng, Liao Yong, et al. An overview

of DC component generation, detection and suppression
for grid-connected converter systems [J]. IEEE Access,

2019, 7: 110426-110438.

(15] far . 2 R AR 4% BRI sl e A (0], T A g

T, 2016, 34(1): 9-14.

He Guofeng. Analysis of DC disturbance for full-bridge
inverter [J]. Renewable Energy Resources, 2016, 34(1):
9-14. (in Chinese)

[16] Wi, 2508, Jifk, . QURZHFIE Z TR g

ToZEAATE P R S (], o0 RGP 545, 2019,
47(17): 48-53.

You Yunfeng, Li Yuan, Fang Fan, et al. Deadbeat grid-
connected control strategy of quasi-Z-source cascaded
multilevel inverter [J].

Control, 2019, 47(17): 48-53. (in Chinese)

Power System Protection and

[17] EefEidk, sREEAR, BRET. JETHUE Z PR 2 e g

JIE 25 DC-DC 2 #e 28 [J]. FIEAEIR, 2024,22(6):1-12.
Qiu Hengyue, Zhang Guidong, Chen Sizhe. High-gain
DC-DC converter with low voltage stress of capacitor based
on quasi-Z-source [J]. Journal of Power Supply, 2024,
22(6): 1-12. (in Chinese)

(18] Fhaks. e Z POLMIF RN AE A BCITHD]. i

ARHLT R, 2020.

Lei Yangsong. Design of quasi-Z-source photovoltaic
grid-connected inverter[D]. Zibo: Shandong University of
Technology, 2020. (in Chinese)

A5 W5 LCL BRI RO A5 2%
Xof v PO BELAC B M ) 42 1l S 80 (0], TP R L TR
2F4%, 2015, 35(10): 2558-2566.

Pan Donghua, Ruan Xinbo, Wang Xuehua, et al. Contro-
ller design for LCL-type grid-connected inverter to achieve
high robustness against grid-impedance variation [J]. Procee-

dings of the CSEE, 2015, 35(10): 2558-2566. (in Chinese)

[20] TEA, PMEM, HIeH, A5 St AT B R Y

LCL BUWZ g2 )i 1]. mEHOR, 2021, 47(8):
2678-2687.

Wang Ying, Sun Jianfeng, Xiao Xianyong, et al. Control
method of LCL inverter based on improved weighted
average current feedback [J]. High Voltage Engineering,
2021, 47(8): 2678-2687. (in Chinese)

[21] Lou Guannan, Gu Wei, Wang Jianhui, et al. A unified

[23

[

control scheme based on a disturbance observer for
seamless transition operation of inverter-interfaced distri-
buted generation [J]. IEEE Transactions on Smart Grid,
2018, 9(5): 5444-5454.

2R, DUHLE, XU, AE. SRITYCSWLI A8 A4 i 22
FRAE S R0 b E AL TR 2R, 2015, 35(22):
5859-5868.

Li Chunpeng, Ben Honggqi, Liu Bo, et al. Deviation
decouple control method based on disturbance observer
[J]. Proceedings of the CSEE, 2015, 35(22): 5859-5868.
(in Chinese)

WOCIE, FHRGE, MO0, A5, SET SR i R R
R AR s 7 B L R R ) e 2 ik ()],
THAR2R, 2020, 35(4): 862-873.

Cao Wenyuan, Han Minxiao, Xie Wengqiang, et al. A
disturbance-observer-based load current feedforward con-
trol and parameter design method for voltage-sourced
inverter [J]. Transactions of China Electrotechnical Soci-

ety, 2020, 35(4): 862-873. (in Chinese)

[24] TRE, IR, WRIEFL, 55 FET UGk PCI gAY

DGR I P AS 25 A LI 3 e A SR (7] PR BB 4L,
2022, 43(7): 93-100.

Gan Tianzhu, Liang Licheng, Chen Yanli, et al. DC
component suppression of PV grid-connected inverter
with improved PCI controller [J]. Acta Energiae Solaris

Sinica, 2022, 43(7): 93-100. (in Chinese)

{EEE T

MARTF(1996— ), 3, WL
Ao WFFETT I AR SR SFTREIREOR
E-mail: linjf@ctgu.edu.cn,

fIEE(1971— ), B, TEEHE
OB, WEEE, W, g, B

U7 BEEUR AR | AR AN Ak
ANy S NN A C R R o8 T Es N
E-mail: dragonhgf@hncj.edu.cn,
JAFE0A999— ), B, WH#F5E
Ao TR BRETR & HLIE Mg AE 2
FEE M . E-mail: 202108080021064
@ctgu.edu.cn,
EM(1998— ), F, BEBRA.
Mo Jrm . WAERSHAEEE AR,
E-mail: 15236506912@]163.com,
G )





