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Smoothing Reactor Design for SVM Current Source Converter

WANG Qi-bing, DING Ming, SU Jian-hui, ZHANG Ya-yu, YU Hai-xian
(Research Center for Photovoltaic System Engineering Ministry of Education,

Energy Institute of Hefei University of Technology, Hefei 230009, China)

Abstract: According to needs in engineering practice, for the value of smoothing reactor of current-source
converter based on space vector modulation (SVM), we provide a convenient and effective designing
method. Realizing the modulation of three-phase current-source converter front and rear-stage power
devices, analyzing direct current inductance voltage, according to fluctuation requirement of direct current,
this paper provides the formula to select smoothing reactor. At last, inductance value through the formula
is obtained and verified by simulation, and the result confirms the feasibility of the design method.
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Fig.2 Switching sequence of CSC-based SVM

V3 U, 0, ,
\4 3 UZ’ -V 3 UZ@
1 2V 3 U,
Fig.1 The diagram of current source inverter PWM
30
, Lyo Ly ’
s N A
’ 2V3 U,
C ’ N
Ly2 s R
[ [ (. |
’ [ [ 11 |
[ [ [ |
’ I [ [ |
, Ly T 1 |
CT. 2 3T -
) o 3 .
, , Fig.3 Steady-state waveform of DC voltage and current
, 15%P1,
2 2V3 U,
1 SVM [H] ’
SVM , , ,
1(a) , 281 )
2 ) , SVM
’ ) ) T,
o ’ 5 Tu ’
’ U20 s

V3 U, , 0, [12] (7-337)



. SVM .55 .
s~ V3 U  (T) ) 4(b) ,
Ld]rl Ts y
(1) :6= Aiy (Ai, T./2, (3)
[d Ldmin
) T, V3 U,
: b = 28511 ®
SVM , #).5) .,/ s fo= 1T,
° , 0
3
k-m/3(k=1~5) , 5
’ Iref 2 ’
’ 4(3’) (b)o TI\TZ ]1 \12 ° l(b)o SVM
, stiz-i6
5 , ,
fi f /s
S Ji S
5
(a) Fig.5 Switching function waveform of
phase-controlled rectifier circuit
’ UZ’
in(wt
L . sin(wt) .
(b) W | = U, sin(wt — =— ©)
: te sin(wt + Zl)
Fig.4 The basic synthesis model of current vector 3
[3] (10-23) 5 6),
T\ = msin(m/6 — O)T. Ui
T, = msin(m/6 + O)T., 2) Ui=V 3 Usin(wt + /6 + k- m/3)
T,=T.-T,-T, mt € (/6 + a~m/2 + o) (7)
(7) , ;
@ mo= At G 3
[d o
t=T,+T,=mycos 0T., 0 € (-/6,7/6), Ui =V 3 Usin(wt + 7/6)
(1) ,  my. T, , S, i € (/6 + a~m/2 + o) (8)
(8) ’ Url )
="
6 b
Ly = igz mi2 = /3 m)T, 3) Upe=\/3 Us, Upin =\/3 Ussin(271/3 + @)
) O<a<m/6
4(a) , )
(3) U(ll\ux:\/? UzSin(Tr/3 + (X) ,
Liwin Ugin =V 3 Usin2m/3 + a) ml6<a<m/2
@
L(]min = @ (4)
oY o a

401, f.




y B T 47 3

.56 - 2011 3
' 3
o 0~30°
, ) V3 U, . 1 MV-A,
4160 V( ) 50 Hz.
V3 o ’
3 U,, o 0~90 =21 Q,
’ 3 U, 0.5 mH, 54.88 ul,
1 kHz, 500 Hz,
Y 3 U [}
> U 200 A, <15%.
SVM , 1(a),
SVM 4.9 mH, 54.88 uF,
o 0.05 Q 1 kHz,
) 3 UZ ’ ’ ’
0 s 4), Ly =49 mH;
o 1) ’ (5) ’
L,=245 mH,
SVM ,
6 1 kHz,L; = 49 mH; 7
’ 1 kHz,L, = 24.5 mH,
’ 88V)16 = 8.5%
1 0~30° ,
) * Osvwr = 15.3% s (4) o
New ~ V3
3 e, 7 U 240
k) . <200 pp ARV o
’ 160 . . . .
Liin 0.30 0.32 0.34 0.36 0.38 0.40
t/s
Lin = % (10) 6 (f. =1 kHz,L, = 49 mH)
afs Fig.6 DC current waveform when single-triangle
’ pattern(f. = 1 kHz,L, = 49 mH)
L(]min
Lo 23V3 U, a1 240
S, <200 meie
2) « 0~90° , ol
Sy 0.30 032 0.34 0.36 0.38 0.40
V3 U, - T3 U, t/s
3 7 (f.=1kHz,L; = 24.5 mH)
3) Fig.7 DC current waveform when single-triangle
’ pattern(f; = 1 kHz,L, = 24.5 mH)
Ldmin
3V = 0. V
L 5v/3 U, (12) 8 dsvis = 8.9%, 6
dmin 166[(|ﬁ , (4) (5) o
’ 240
< 200 RIYELYVIR TR TRV TYT PRI
Ldmin = % (13) 160 1 1 1 1
v 0.30 0.32 0.34 0.36 0.38 0.40
(10)-(13) . il
Q 0~30° 0~90° 2 8 (f. = 1 kHz,L, = 24.5 mH)
a 9) Fig.8 DC current waveform when double-triangle

pattern(f, = 1 kHz,L, = 24.5 mH)

0~90°



) )

. SVM

57 -

o a=m/8, 200 A,
(10), L;=613mH,
9
8. =7.2%, .
240
200 A AR A g
~
160 R R R R
0.30 0.32 0.34 0.36 0.38 0.40

t/s
9
Fig.9 DC current steady-state waveform when

phase-controlled rectifier

4

SVM 2 , SVM

1) SVM ,

) )
2) , o
,(x' o
3) ;
ko k 0.8~1.0,

(1] . . [M].

,2000.

2]

(3]

5]

[7]

9

[10]

[11]

[12]

WAN G Zhao-an,HUANG Jun. Power electronics [M].
Beijing: China Machine Press,2000.
: [JI-
,2004,7(10):622-627.

XU Fu-rong. Classification and comparison of high—
voltage inverter [J]. Power Supply Technologies and
Applications,2004,7(10):622-627.

,2007.
WU Bin. High-power converters and AC drives [M].
Beijing: China Machine Press,2007.

,2007.
XU De-hong. Power electronic systems modeling and
control [M]. Beijing: China Machine Press,2007.
DAI Jing-ya,XU De-wei,WU Bin,et al. Dynamic per-
formance analysis and improvements of a current
source converter based PMSM wind energy system[C]/
Power Electronics Specialists Conference, PESC: [s.n.],
2008:99-105.

) ) SHE-PWM

[J]. ,2006,40(3) : 4-6.

YE Man-yuan,SONG Ping-gang,Guan Er-yong. Sdudy
of single-bridge current source rectifier based on
SHE-PWM control technology [J]. Power Electronics,
2006,40(3):4-6.
ZARGARI N,RIZZO S C. A new current source
converter using a symmetric gate commutated thyrister
(SGCT)[J]. IEEE Transactions on Industry Application,
2001,37(3):896-902.
WU Bin,RIZZO S C. Rockwell automation technolo-
gies,inc,integrated DC link choke and method for
suppressing common-mode voltage in a motor drive,
USA :patent no:US7132812 B1, nov.7[P]. 2006.
XIAO Y,WU B.Design of line/motor side capacitors for
PWM CSR-CSI drives to achieve optimal power factor
in  high power fan/pump applications [C]//APEC’97
Conference Proceedings 1997, Atlanta:[s.n.],1997:23-27.
LI Yun-wei,PANDE M. DC-link current minimization
for high-power current-source motor drives [J]. TEEE
Transactions on Power Electronics,2009,24(1):232-240.
SHATSHAT R E,KAZERANI M,SALAMA M M A.
Multi converter approach to active power filtering using
current source converters[J]. IEEE Transactions on Power
Delivery,2001,16(1):38-45.

, . PWM [M].

,2003.

ZHANG Chong-wei,ZHANG Xing. PWM rectifier and
control[M].Beijing: China Machine Press,2003.



.58 - 2011 3 Endz 47 3

[13] , , . 2009,45(3):8-14.
. ,2007,35(3):37-40. [16] . ;

WANG Lei,LIU Xiao-ning, WANG Wei-li. Abnormal [JI- ,2003,40(9):4-7.

harmonic analysis of DC side in high power rectifying GUAN Zhi-gang, SHEN Wen-qing, HOU Rui-sheng. De-

system[J]. Relay,2007,35(3):37-40 sign of energy-saving smoothing reactor for medium-fre-
quency power source|]J]. Transfoemer,2003,40(9):4-7.

[14]
[D]. : ,2005.
) o ' (1984—), , ,
GUO Jin-yan. HVDC transmission system optimal i ) 13721059100
design of DC filter [D]. Beijing: North China Electric . qibingwong2061 @gmail.com
Power University ,2005. (1956—) ) ) i
[15] ; N .
[J]. ,2009, 45(3): 8-14. . .
YANG Fen-yan,XU Zheng. Selection of smoothing re- (1963—), , s s N
actance for HVDC projects[J]. High Voltage Apparatus, °
?WW““&E
L/"\NMMMJ
110 kV . 220 kV 7
220 kV , , 15 , 2240 o
3 ”»” s 5000 s 3
” 13 , .
: € Do



