3-dimension voltage vector PWM and Double-level Hysteresis
method, is introduced into the 5-level inverter PWM system. In
the 5-level inverters, the 5-level space vector PWM control
method is one of the most popular methods. However, it needs
many computational steps and it has to determine the
corresponding space vector according to the complex algorithm. : :
By the way, the hardware DSP's requirement is high too. The
control of 5-level inverter is more complex than the 3-level one

only due to structure but aso the complicated

Dimensiona PWM 1)

— (3

algorithm . The proposed agorithm simplifies the control
agorithm in 5-level inverter and aso has the common
advantages of multi-level inverters. In 3-Phase 4-Wire System,
there is the neutral line current. 4-Arms Inverters are needed -
and one arm of them is dedicated to compensating the zero- {PWM ’
sequence current. However, three-dimensional PWM is a novel

technique in handling 3-phase 4-wire system and was proposed

in 2001. The conventional 3-Arms Inverter can be used in 3-

Phase 4-Wire System when the 3DPWM control agorithm is

used. The novel control algorithm is proposed with 3SDPWM in !

5-level 3-Phase 4-Wire Inverter. The mathematical model of 5-

level inverter is described in detail. The shunt-connected 5-

level power inverter in 3-phase 4-wire system as an active filter,

which uses the 3-dimensional voltage vectors pulse width

modulation technique, is illustrated. The simulation results

demonstrate the validity of the proposed method.

[4 9
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= PWM

o 3DPWM

’ 3DPWM

27 8 Val. 27 No. 8
2003 8 Power System Technology Aug. 2003
: 1000-3673(2003) 08-0036-06 : TM464 ;A
1 1,2 1,2
1 1
L1 1 V2 : 100084 ]
A NOVEL 3-DIMENSIONAL PWM CONTROL FOR 5-LEVEL INVERTER
TANG Jing!, HUANG Ming-cong® 2, HAN Ying-duo?- 2
i 1. Faculty of Science and Technology, University of Macau, Macao, SAR, China;
2. Department of Electrical Engineering, Tsinghua University, Beijing 100084, China!
ABSTRACT: A novel PWM control method, which combined a

( IGBT) ’

13,

{1GBT ) :
(6]

i 3DPWM }

PWM
look—up

PWM
{IGBT)



27 8 37
- 1 2
1 0 Tab.2 Switching logic table according
) ’ ’ to equivalent cir cuit
X a b.c S s S, S s s
, 2 a 2 1 0 0 0 0
1 0 1 0 0 0
1 0 0 0 0 0 1
1 T2 Ve 1 0 0 1 0 0
_@ N _@ A _@ yi N 5 0 0 0 1 0
= A X
1. 2 2 ’
-ﬁ K"ij 25—@ A —+ Ug
ca 1 =« AC
€ L
0
ec L
iodig o
F -K‘} ¥ -KI} Fl| T Ye | LCT - R:l ca” Uy TUgy
5| W3 3| +F & odiy
-%} z:@ ZH{;} r Y i L. d; =- Rlg - Uy +Ug, 2
T2Udc | .
. =-Rl u. +u
1 % C dt cc C SC
Fig. 1 Circuit configuratian : (uy,u,,u.)
1 IGBT U,LU,U5U,)
ZUTab' ! L:GBT gagl n9 |Og|CU 0 ][Ua = Slaul +(Sja +SZa)U2 - (SSa + S4a)U3 B S4aU4
+ dc + dc ~ Ve - dc
S 1 0 0 0 0 U, = SU;y +(Sp +Sp)U, - (Sy, + Sz - Sy (3)
S L L 0 0 0 1 U =S +(Se + S - (S +S:Us - S,
Sa 1 1 1 0 0
Su 1 1 1 1 0 ’
Ss 0 1 1 1 1
Se 0 0 1 1 1 .
s 0 0 0 1 1 ZX = AX +BU (4)
Se 0 0 0 0 1
S) ) ) J_ gF% 0 0 -8 -(S+S,) S.+S, S4ag
S48 U A=g0 -R 0 -S, -(S5,+S,) $,+S, Sy
ks' \S-, \S,P Ul é 0 0 - R - S.I.c - (Slc +SZC) SSc+S4c SAcé
_ R ey . I
U-. —|=..»||" S q X _[Ica lep loc Ul UZ U3 U4]T
u.—= > Z=diaglL, L, L]
U___:'_IVV\ d-1 1
N [s. | I's. s "s. u7 B=diagl 1 1]
—‘ S,Al S,”/l Sl/l UAT u :[usa Uy, usc]
3
2
Fig. 2 Equivalent circuit 3DPWM ,
» a a-b-0 : :
i2 Sa a-b-c a-b-0
:i: 1 SZa [ U1:U2:U3:U4:]7/2Udcs '
8= 0 s, ()  abo
i1 é 2 1 1.6
! e Us:Udcé\/:é%a__SD__sc++
f-2 Si gl3e 2 2 “g
’ 1 1 u
—(S, - S)+k—=(S, +S, +S.)q 5
201.0. -1 —2b ¢ : 15 &Sk GBS+ S O

2 .



38 Power System Technology Voal. 27 No. 8

u ugfsa+-130+kls“ (6) " !
= = —-— —=0
S dcé 3 Jﬁ —\/§ OG . 3 .
1 1 0 . a-b 61
Sa =Sa' Esb- ESC;
S =S-S:; - 1 a-b
$=S+5+S, ! bood
3“
4 a-b . 61 :
4 . PWM :
61 PWM 125
Uy U Uy Yirn Uiy
3 ab-0
Fig. 3 Vector chart in a -b-0 coordination system
3 U ,
Fig. 3 Vectors classification ¢1-1-2)
U(2,2,-2) > { U 2,2-1) U(l,l,- 2)} >
MLV ( ) 4 SV ( ) 2 U U U >
VLV ( ) Jafera VsV ( ) B2 (220 =13 7 00-2)
LV ( ) 09°4  MSV( ) 1 U(221)’U(Ll,O)’U(O,O,-l)’u(-l—l,-Z)}
LMV - bAY
) s e 5 3DPWM
SMV ( ) 093
: 0.9 sinB0°/sn105° . .
\ [3 7, 8],
’ = 3DPWM

Ug2-22+ Upa-y+ Yai-g* Ueoog
Ugi-n+ Yoo+ Yeoy+ Yaig » Yoy \



27 8 39
5.1 , 0 . Da, -
Db, DO, - MLV. VL. LV. LMV  SMV
“ H Dal\ Dbl DOl
. Da,. Db, DO, - SV. VSV MSV.
PWM . 4 : Da,- Db, DO,: 5
: a-b-c a-b-0 : ,
- a-b 0
I;bO irabo H
i ab0 Uy  Uga
a0 =1rabo = Iiabo (7) e 2 & .2 2U
. o b =U. éﬁsai E5s2 EEee i
Ir,abO é 3 ﬂ "/E a \/é 7] g
i i
ab0 cab0 Udc\/m (9)
% . . 2 2
Di,,=i -1 (8) élo U é1 U
ab0 ab0 cab0 Uab :\/é gsag +g$SDH
[N +[-.?? |_- __D@___OL S N | :NI : 1
i; +.9Dn |_1 é é S S oW UO =_333
. Dy
iy e ] e W 2 1 a-b ,
Do
L Errke] : CHZICNE
T : R .
Ic] a,b,0/a I.c_/ D|0 1
lo| be
4
Fig. 4 Control strategy 5(a)
4 . _ ab0 . 5(b) 1
{ Sign Cubical Hysteresis: SCH! .
»  Da,,Da,,Db,Db,, ’ @ :
D0,,D0,, Da, < Da,, DO, <D0, Da, = Db, = DO,, 1 ’
Da, = Db, =DO,_ 5(b). _ .
1: Da, <D, <Da, Di,>Db,;
U, U, Di, "
2: D|a >D8.2 Db1<Db <D:)2!
K, 1 KI10, 2 Us Uy Dig -
K/10+K/5=3K/10. 3 Di, >Da, Di, >Db,,
52 Ul" U2 U4! a - b
5 I H) DIO L]
4: Da, <D, <Da, Db,<Di, <
. 2 . Db, Ug+ Ugr Uy  Ugo
2 ' 2 U, Ug -
; 2 - 2 D v} Us
1 ' 1 , 4



40 Power System Technology Vol. 27 No. 8

'O 6

D
] +[b1

) /| +i3-5;_-[£1 Db1/

+Da, " -Da, [ Do Dey

D

(a

Uisp+0)  Us(+++) Uz(++4)

U (+++)
Uld( +) L/ ¢+
(0F0)
q-)
Usg )
it
Do,

3 ) / () 6
1 /{ Fig.6 Load current
Db, /4 o/ Un Us (o)

R N} AN SN . S T —— )
Lt] ELIE] HIR a2 oG U2
Us(ers)

a, Da, - .
(b)
5
Fig. 5 Control diagram of double-level hysteresis control
4 e
Fig. 4 Vector selection look-up table 00 100

Sab [} Sabc Sab ] Sabc Sab ] Sabc Sab 0 Sahc 7
+++++422-2 ++0 11-2 00—~ -2-2-2--+ 0-12 Fig. 7 Load current in 3D
+++++ 212 ++- 00-1 O-++ 102 --0 -1-12 WA
++++0 202 ++- -1-1-20-+ 102 --- 122 2
++++- 10-2 +0++ 211 0-0 0-11 --- -2-21 50 f,‘,«\{: - ey
++4+-- 1-1-2 +0+ 100 O-- 21-10 -—-++++ 021 ool ;’/ o \ -".k ]
+++++ 21-1 +00 2-1-1 0-- -2-2-1 —-+++ -120 ml_).«. 5[“ 1\
++++ 20-1 +0- O0-1-1 O--++ 1-12 --++0 -220 y \
+++0 202 +0-- -1-2-2 0--+ 1-12 -—++- -22-1 ol ? "'"JW?
+++- 2-1-2 +-+ 202 0--0 0-22 —++- -22-2 50 i b
+++-- 0-1-2 +-+ 1-11 0-- -1-21 -—-+++ -121 |||.1;'| / i /r\.
++0++ 200 +-0 121 0-- -1-20 -++ -221 o . M Lo |
++0+ 1-1-1 +-- 0-10 -++++ 002 --+0 -220 200 OO |
++00 2-1-1 +--- 12-1 -+++ 02-1 --+- 210 0 0004 00 0002 00le 0020
++0- 2-2-2 +-++ 2-12 -++0 -110 -—-+- -21-1 8
+0- 122 +-+ 122 -++- -12-2 --0++ -122 Fig. 8 Source current by five-level inverter
++-++ 2-11 +--0 121 -++-- -21-2 -0+ -222 compensation, 20 kHz
++-+ 2-10 +--- 0-21 -+++ 121 -00 -211
++-0 2-20 +-- 0-20 -++ 010 -0- -200 = :
++-- 2-2-1 O++++ 120 -+0 -110 -0- -200
++-- 0-2-1 O+++ 12-1 -+- 11-1 —--++ 012
++--+t 222 0++0 02-2 -+- 202 -+ 212
++--+ 221 O0++- -11-2 -0++ 022 ---0 -202
++--0 220 O0++- -10-2 -0+ 011 --- 201
++--- 120 O0+++ 221 -00 211 =—--- -2-11
++---- 1-2-1 0++ 120 -0- 2100 -4+ <112
+++++ 22-1 0+0 01-1 -0- 2-1-1 —---+ -102 A
++++ 122 0+- -10-1 --++ 112 -0 -202 s ok
+4+0 11-2 0+~ -2-1-2--+ 001 —~-- -2-12 W ez 100
+++- 012 00+ 222 --0 ;101 - 222 9
+++-- 00-2 00+ 111 --- -1-11 . : :
ti4+t 220 000 000 --— 220 Fig. 9 Source current 3D by five-level inverter

+++ 210 00- 1-1-1--++ 002 compensation, 20 kHz




27 8

41

3DPWM
. 3DPWM

[1] Kazmierkowski M P. Sulkowski W. Novel space vector based current
controllers for PWM inverter[A]. in Proc PESC'89[C]. 1989: 657-664.

[2] Akagi H. New trends in active power filters/A]. In Proc EPE95[Z].
1995. 1: 664.

[3] Matsuse K- Sugita K. Kitahata T et al. A control method of a three
phase five-level PWM converter[A]. Proceedings of the 24th Annual
Conference of the IEEE. Volume ZC]. 1998: 750-754.

[4] Takeshita T. Matsui N. PWM control and input characteristics of
three-phase  multi-level AC/DC converter[A] . Power Electronics
Specidlists Conference[C]. 23rd Annual IEEE. 1992: 175-180.

[5] Suh Jae-Hyeong. Choi Chang-Ho. Hyun Dong-Seok. A new simplified
space-vector PWM method for three-level inverters/A]. Applied Power

Electronics Conference and Exposition. Fourteenth Annual - Volume:
1. 1999: 515-520.

[6] Wong Man-chung. Zhao Zheng-yi. Han Ying-duo et al. Three-
dimensiona pulse-width modulation technique in three-level power
inverters for three-phsse four-wired system[J]. IEEE Trans on Power
Electronics. 2001. 16(3): 719-725.

[7] Veenstra M. Rufer A. PWM-control of multi-level voltage-source

inverterd A]. Power Electronics Specialists Conference 2000 |EEE 31st

Annud . Volume 3[C]. 2000- 1387-1393.

Kim Y oung-Seek. Seo Beom-Seok. Hyun Dong-Seok A novel structure

of multi-level high voltage source inverter[A]. Computer. Commu-

nication. Control and Power Engineering. Proceedings[C]. TENCON

'93. 1993 |EEE Region 10 Conference on Part: 50000. 1993: 503-508.

8

=

= 2002-04-28.
(1977-1. . . .
. DC—Unicon :
[1938-1. .
FACTS
. . GPS
{ J

[ 35 continued from page 352
5

L] 2 -]
(1) :
(2}

113 M .
(3} :
113 L
[

1s

[1] Ding Qia Li Naihu. Wang Xiaodong et al. Implementation of interior

point method based voltage/reactive power optimization[A]. Power
Engineering Society Winter Meeting[C]- 2000. 2: 1197-1201.

2 . [ Lin Mingbo. Chen Xuejuni.

[Improved interior point method for reactive power
optimization in power systems? [J]- [ Automation of
Electric Power Systemsl. 1998, 22(5)- 33-36.

[3] Grudinin N Reactive power optimization using successive Quadratic
programming method[J]. IEEE Trans on PWRS. 1998. 13(4): 1219-
1225.

[4] Kenji Iba. Reactive power optimization by genetic algorithm[J]. |EEE
Transon PWRS. 1994. 9(2): 685-692.

5] . . . [Feng Zhihong. Liu Qu. Ni Yixin et al1.

YaYa [Anaysis steady-
stale voltage stability in - multimachine power systems by singular value
decomposition method [J- [ Proceedings of the
CSEE’. 1992. 12(3): 10-18.

I M.
1996.
17 . %% [M]. : .
1994.
E . ; [M].
. 1994.
: 2003-01-13,
11972-1, . .
(19541, .

[1939-1. . .



T T R P A S = P ] [H hG®®E ..

(=p JEG, R, EhCRE

=LA JE GRITR RGNS 7 TR, IR XD, SR, S0 QR R 2R e LS i DR
F, W TRE X T AR AL, dEat, 100084)

H: i e R[ISTICPHU]

Y44 POVER SYSTEM TECHNOLOGY

F, B0 2003, 27 (8)

B 51 UEL 4R

1. Kazmierkowski M P;Sulkowski W Novel space vector based current controllers for PWM inverter 1989

2. Akagi H New trends in active power filters 1995

3. Matsuse K;Sugita K;Kitahata T A control method of a three phase five—level PWM converter[#F3r<>i] 1998

4. Takeshita T;Matsui N PWM control and input characteristics of three—phase multi-level AC/DC converter [#F34xill] 1992

5.Suh Jae-Hyeong;Choi Chang-Ho;Hyun Dong—Seok A new simplified space-vector PWM method for three—level inverters[#F304:

W1 1999

6. Wong Man—Chung;Zhao Zheng-yi;Han Ying—duo Three—dimensional pulse-width modulation technique in three—level power

inverters for three—phsse four-wired system[#F3CHAFI] 2001 (03)

7.Veenstra M;Rufer A PWM-control of multi-level voltage—source inverters[#F3C<>i] 2000

8.Kim Young—Seek;Seo Beom-Seok;Hyun Dong-Seok A novel structure of multi-level high voltage source inverter[4#p3C<xiX]

1993

A e i (1046)

L Bk, $hE 5. 457 BRI CHEN Binfa. Sun Xiaorui.Li Yanping. Chen Gang HJ-T-F7 ¥t Jy SIS RS 10 P FlopT 284 Avie 2 il 3% DA T
- HIREEAR 1998, 22 (5)

2. FHURAL B4R XIEE. PMAZ. YIN Zhong-gang. ZHONG Yan—ru. LTU Jing. SUN Xiang-dong — Pl = vf ~F-PWMAL i 2% ) 475 ECRF 5% [ )
W] -4 2B TR 72242006, 22 (4)

3. Bk R R T TR AR A i A A 1 g v A H A U T8 500 - i e R 244122002, 17 (2)

4. BEARIEL PRAEEE b R T I AR BRSPS B 5 ¥ 2 BT 5 07 2L D18 300 - B S 44.8)2002, 32 (5)

5. X5 MY . FLET Rl i A R RN T AR AR SVPWM AR AR 5 [ I8 31—k e ) K2 2412004, 31 (4)

6. JIERIRH. BOf 2. EARIC. BREEEE. TANG Zhao—-yang. HUANG Shi-sheng. WANG Zhen-min. CHEN Yi—ting J& T 3 PR F A S0} i it v
i 9 W 42 T SR 31036 3] - 1 I 1R 2008, 32 (12)

7o SR XSO MR e, SRR RPN PN BT A AR A S 9T [ I8 3] -2003

8. VAAEME. HONG Chun—mei AR HFAE AL E P AR B0t BV AN Pl 2 R P28 0l DA S ] -0 T 22 B 24 CRARELSEID 2005, 25 (4)
9. Y. TTTAE TR AR O e I T 4 R DA PR ST - UL S5 4 42003, 7 (3)

10. M. 5K 92 [ Cong Wang. Zhang Aimin 1 Hi VIR 0 20 AZ AT 5 ¢ D FIE SCT - L AR 2009, 29 (5)

L Wit GRtgct. fRiCik. B, EJR 9 PWWASHRAR BB P ) () 0 A W R 7 ¥ DRI RIe S0 =P I AL LR 24 2006 (14)

2. b R, T UL IR ORI AR s I TR AS (UK g I R BOR DIITIHE SCT - Fa R AR 2006 (21)
3. ihbd. R, T UL IR ORI AR R TR RS (UK 5 I R BOR DIITHE SCT - Fa AR 2006 (21)
4. ARFEIS. A TR/ RS SIS, SOAERE AT P Y R0 A A OB A L R M A IR ST - L AR 2006 (22)

SUMASCR# 3 R s, SO ie B A T a0 A % — P DI SCT - B IR 2003 (8)

B



http://d.wanfangdata.com.cn/Periodical_dwjs200308008.aspx
http://www.wanfangdata.com.cn/
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%94%90%e5%87%80%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%bb%84%e6%98%8e%e8%81%aa%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%9f%a9%e8%8b%b1%e9%93%8e%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e6%be%b3%e9%97%a8%e5%a4%a7%e5%ad%a6%e7%a7%91%e6%8a%80%e5%ad%a6%e9%99%a2%e7%94%b5%e6%9c%ba%e4%b8%8e%e7%94%b5%e5%ad%90%e5%b7%a5%e7%a8%8b%e7%b3%bb%2c%e6%be%b3%e9%97%a8%e7%89%b9%e5%8c%ba%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e6%be%b3%e9%97%a8%e5%a4%a7%e5%ad%a6%e7%a7%91%e6%8a%80%e5%ad%a6%e9%99%a2%e7%94%b5%e6%9c%ba%e4%b8%8e%e7%94%b5%e5%ad%90%e5%b7%a5%e7%a8%8b%e7%b3%bb%2c%e6%be%b3%e9%97%a8%e7%89%b9%e5%8c%ba%3b%e6%b8%85%e5%8d%8e%e5%a4%a7%e5%ad%a6%e7%94%b5%e6%9c%ba%e7%b3%bb%2c%e5%8c%97%e4%ba%ac%2c100084%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e6%be%b3%e9%97%a8%e5%a4%a7%e5%ad%a6%e7%a7%91%e6%8a%80%e5%ad%a6%e9%99%a2%e7%94%b5%e6%9c%ba%e4%b8%8e%e7%94%b5%e5%ad%90%e5%b7%a5%e7%a8%8b%e7%b3%bb%2c%e6%be%b3%e9%97%a8%e7%89%b9%e5%8c%ba%3b%e6%b8%85%e5%8d%8e%e5%a4%a7%e5%ad%a6%e7%94%b5%e6%9c%ba%e7%b3%bb%2c%e5%8c%97%e4%ba%ac%2c100084%22+DBID%3aWF_QK
http://c.wanfangdata.com.cn/periodical-dwjs.aspx
http://c.wanfangdata.com.cn/periodical-dwjs.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Kazmierkowski+M+P%3bSulkowski+W%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-dwjs200308008%5e1.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Akagi+H%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-dwjs200308008%5e2.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Matsuse+K%3bSugita+K%3bKitahata+T%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/NSTLHY_NSTL_HY.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Takeshita+T%3bMatsui+N%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/NSTLHY_NSTL_HY.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Suh+Jae-Hyeong%3bChoi+Chang-Ho%3bHyun+Dong-Seok%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/NSTLHY_NSTL_HY.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Wong+Man-Chung%3bZhao+Zheng-yi%3bHan+Ying-duo%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0212108552.aspx
http://d.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0212108552.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Veenstra+M%3bRufer+A%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/NSTLHY_NSTL_HY.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Kim+Young-Seek%3bSeo+Beom-Seok%3bHyun+Dong-Seok%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/NSTLHY_NSTL_HY.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e6%96%8c%e5%8f%91%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ad%99%e5%ad%9d%e7%91%9e%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e4%b8%a5%e5%b9%b3%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e5%88%9a%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CHEN+Binfa%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Sun+Xiaorui%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Li+Yanping%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Chen+Gang%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_dwjs199805011&Category=Recommendation&TO=http://d.wanfangdata.com.cn/Periodical_dwjs199805011.aspx
http://c.wanfangdata.com.cn/periodical-dwjs.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%b0%b9%e5%bf%a0%e5%88%9a%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%92%9f%e5%bd%a6%e5%84%92%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e9%9d%99%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ad%99%e5%90%91%e4%b8%9c%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YIN+Zhong-gang%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHONG+Yan-ru%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LIU+Jing%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22SUN+Xiang-dong%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_xalgdxxb200604009&Category=Recommendation&TO=http://d.wanfangdata.com.cn/Periodical_xalgdxxb200604009.aspx
http://c.wanfangdata.com.cn/periodical-xalgdxxb.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%b6%e7%94%9f%e6%a1%82%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%b4%94%e4%bf%8a%e5%9b%bd%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_dgjsxb200202010&Category=Recommendation&TO=http://d.wanfangdata.com.cn/Periodical_dgjsxb200202010.aspx
http://c.wanfangdata.com.cn/periodical-dgjsxb.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%b4%94%e4%bf%8a%e5%9b%bd%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%b6%e7%94%9f%e6%a1%82%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_dqcd200205005&Category=Recommendation&TO=http://d.wanfangdata.com.cn/Periodical_dqcd200205005.aspx
http://c.wanfangdata.com.cn/periodical-dqcd.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e6%98%8a%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%82%96%e6%b9%98%e5%ae%81%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e5%ae%9d%e5%bf%97%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ad%94%e5%9c%a3%e7%ab%8b%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_hbdldxxb200404006&Category=Recommendation&TO=http://d.wanfangdata.com.cn/Periodical_hbdldxxb200404006.aspx
http://c.wanfangdata.com.cn/periodical-hbdldxxb.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%94%90%e6%9c%9d%e9%98%b3%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%bb%84%e7%9f%b3%e7%94%9f%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e6%8c%af%e6%b0%91%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e6%84%8f%e5%ba%ad%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22TANG+Zhao-yang%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22HUANG+Shi-sheng%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WANG+Zhen-min%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CHEN+Yi-ting%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_dwjs200812015&Category=Recommendation&TO=http://d.wanfangdata.com.cn/Periodical_dwjs200812015.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_dwjs200812015&Category=Recommendation&TO=http://d.wanfangdata.com.cn/Periodical_dwjs200812015.aspx
http://c.wanfangdata.com.cn/periodical-dwjs.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%b8%a5%e5%b9%b2%e8%b4%b5%22+DBID%3aWF_HY
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e6%96%87%e5%8d%8e%22+DBID%3aWF_HY
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e8%bf%9c%e5%8d%8e%22+DBID%3aWF_HY
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%9f%a9%e8%8b%b1%e9%93%8e%22+DBID%3aWF_HY
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Conference_5204408&Category=Recommendation&TO=http://d.wanfangdata.com.cn/Conference_5204408.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%b4%aa%e6%98%a5%e6%a2%85%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22HONG+Chun-mei%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_lngxyxb200504005&Category=Recommendation&TO=http://d.wanfangdata.com.cn/Periodical_lngxyxb200504005.aspx
http://c.wanfangdata.com.cn/periodical-lngxyxb.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%b4%aa%e6%98%a5%e6%a2%85%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%b9%bf%e6%9f%b1%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_djykzxb200303007&Category=Recommendation&TO=http://d.wanfangdata.com.cn/Periodical_djykzxb200303007.aspx
http://c.wanfangdata.com.cn/periodical-djykzxb.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%b8%9b%e6%9c%9b%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e7%88%b1%e6%b0%91%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Cong+Wang%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Zhang+Aimin%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_chuandjs200905001&Category=Recommendation&TO=http://d.wanfangdata.com.cn/Periodical_chuandjs200905001.aspx
http://c.wanfangdata.com.cn/periodical-chuandjs.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e5%a2%9e%e7%a6%84%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%bc%8a%e6%bf%91%e6%95%8f%e5%8f%b2%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%bb%bb%e8%ae%b0%e8%be%be%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%af%9b%e6%83%a0%e4%b8%b0%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%85%86%e5%ae%89%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/Periodical_zgdjgcxb200614010.aspx
http://c.wanfangdata.com.cn/periodical-zgdjgcxb.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%8f%b6%e6%bb%a1%e5%9b%ad%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%ae%8b%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ae%98%e4%ba%8c%e5%8b%87%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/Periodical_dwjs200621015.aspx
http://c.wanfangdata.com.cn/periodical-dwjs.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%8f%b6%e6%bb%a1%e5%9b%ad%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%ae%8b%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ae%98%e4%ba%8c%e5%8b%87%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/Periodical_dwjs200621015.aspx
http://c.wanfangdata.com.cn/periodical-dwjs.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%bc%8f%e7%a5%a5%e8%bf%90%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%bb%ba%e8%b5%9c%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e5%b0%8f%e8%81%aa%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9b%be%e7%b9%81%e9%b9%8f%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%ba%aa%e5%bb%b6%e8%b6%85%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/Periodical_dwjs200622012.aspx
http://c.wanfangdata.com.cn/periodical-dwjs.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%94%90%e5%87%80%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%bb%84%e6%98%8e%e8%81%aa%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%9f%a9%e8%8b%b1%e9%93%8e%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/Periodical_dwjs200308008.aspx
http://c.wanfangdata.com.cn/periodical-dwjs.aspx

