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Abstract: H- bridge cascaded multilevel inverters has been widely used for good output waveform. For the
H bridge cascaded inverter with equal D C voltage, power components difference or the load transient mutation
during operation may cause the distortion of output voltage and current, the output power ranging of H bridge
or even serious damage to inverter. For the H- bridge cascade multilevel inverter traditional control methods are
built on the H bridge DC voltage equal to the premise. One dimensional vector modulation technique fitting for
DC voltage ranging and equal pow er output of H- bridge was studied. The method presented has been verified
on the experimental device of two units cascaded inverter.

Key wards: multr level inverter; one dimensional vector modulation; equal power output; unequal DC voltage

—= ’ 1
L3ls ki1 Va= kVe CHB
H ( cascaded H- H H
bridge multilevel inverters, CHB) 1975
[1]
[610]
H s
(CHB) H CHB
>3 CHB H ,SPWM  SVPWM
, H 1 , , CHB ,
H H H

(1965-), , s , Email: yanlumin414@ 163. com
29



LAEFH 2010 F F4A LK F 124 R, S ARACERFAKAET R AL AR
H
11
HB 01 20 21
¢ : o .
| | | | | o
’ I IE [ I I
H -2E - 0 E 2F
2 E H CHB
L 4 Fig.2 1D control region of a two cell single
+ phase CHB assuming E DC volts
TED 2k
b L . H CHB
s g S |
+ ’
s | s
Vo —
-t b
K Es K S
- o
2
: ! H CHB
Fig.1 Two cell CHB
3
R =4 S =
2 CHB#Z & X EiAH floor(x) x
1- 1 2-
2.1 (1B ) ’ P
1 H CHB Ve,
a=V,/E t=a-a,
Vi H s a,=floor(a) 4H=l-4
Va= Vit Vi H : N by
Va= Va= E’ H - E, 0,+ E 3 l l
EAFE1=0 T 1=0
; 01,2 H R0 TR0
H THVE 1=a,43 FHE1=0,+1
THFF2=0,+2 R 2=q,
, H CHB , H
) 5 1 3 H CHB
H Fig.3 Flow diagram of switching sequence and
timing choosing for the two cell CHB
2
H CHB 1 Va ,
50 Hz, 600 Hz,
5 H CHB ,
2, XY 4
00,01 H X, H Ve, Vi H »
Y parrn
1 E H CHB e 1 1 [
0 0.01 0.02
Tab.1 Output phase voltages of two tls
cell CHB assuming E DC volts > }_I_U_I_I_Ll_l—_l—ﬂ
= , Lnrr,
i 4 (V) 0 0.01 0.02
0 0 -2k tls
0 1 -FE B
1 0 -F o3
0 2 0 0 0.01 0.02
1 1 0 tls
2 0 0 .
| ) B 4 H CHB
2 1 E Fig.4 Output results using 1D vector modulation
2 2 2F for a two cell single phase CHB

30




BN, S BALERFRABALT R L ZRAHAL wAAEF 2010 F H40 £ F 12
Vas= Vat+r Vo Vb 5 , I
01 20 21
SPWM 00 10 A 12 2
R RA L AAVIAS
22 H (1B 2E -E 0 l E 2F
1 CH B H © OIO 0{1 1}0 OIZ 1I1 ZIO 1{2 2I1 2}2 v,
, 9 2 FaVa  VaVaFurVa0 VaVu Vo Vs VitV
(@) Vo< V<2V,
N V('l H N V(Q H 1
01 20 21
02 12
P R oL P ok A S
2 H CHB -2E -E 0 l E 2E
Tab.2 Output phase voltages of two cell CHB with Ol() ()Il (}2 1? lll 1|2 2|0 2|1 2|2 v
unequal DC volts in each H-bridge @ T I 1 [ |
Fa-Vo YV VatVo -V, 0 Vo VaVo V. VatV,
H H (Va) ) V> 2V,
11
0 0 - Va-Va 1 20 21
00 10 02 12 22
0 1 - Va o e BN R N A I Ve
| |
1 0 -Va —2E -E o | £ 28
0 2 - Vat+ Ve olo 1|0 0|1 2|0 1|1 0|2 2|1 1|2 2|2 v
1 1 0 ®— I I I B B 1
2 0 Ve Ve WV Ve T ViVa0VarVa Va Vo VbV
| ) V. (©) Va< V< 27,
@
11
2 1 Ve o1 20 21
2 2 Vat+t Ve D 0|0 /1|0 >(0|2 >< 1|2 T 2|2 V.
| | | | |
H CHB . H o & 0 | 5
O(I) lIO 2|0 Oll lll 2i1 0|2 1|2 2|2 v,
Va/Ve=1 2 O— T 1T T 1T 1T T 1
FaVo VoVaVo Vo 0 Vi-FarVo Vo Vb,
N 2 Vcl/ V('Z () V2V,
, . H CHB
5
9 H CHB
H CHB ’ ValVe Fig.5 Movement of the state vectors due to the voltage
" unbalance and control region of the two cell
, Val Ve H single phase CHB converter
CHB 4 , 3 ki
5 5 @ Va. Ve Tab.3 K factor calculation
’ cly -
o) ki
’H CHEB ’ k= (Va=Va)/(Va+ Vea)
’ 1 Vo< Va< 2Ve ko= Vo/(Va+ Va)
k= Va/(Va+ Va)
Val Ve , H CHB ki=Vo/(Vat Va)
4 , ki 2 Va> 2V k= (Va=Va)/(Va+ Va)
Vel Va ky=Va/(Va+ Va)
N 3 ki= (Vo= Va)/(Va+ Va)
o 3 Va<Va< Wa ko= Va/(Va+ Va)
Va/Ve H CHB , hom Ve (Vs Vo)
H ki=Va/(Va+ Va)
CHB H 4 Vo> 2V k= (Vo= Va)/(Va+ Va)
, ki= Vo/(Va+ Va)
CH B V cl/ N Vrl[), a=
V(Q H C H B le /( V('l + V(Q ) 5 CH B
) , CHB
, H 5 4 ,
, 3 ki
H s ki

31



WAEF 20105 F4 K F 124 W, FARCELFRARAELTE X TARNARL
Va H , H H
4 5 , , H
, H
4 5 CHB , H ,
1- 2- 2 ,
L, 0 1- 1 H R
, 1= 2- 2
H CHB ,
4 H
Tab.4 Switching sequence and duty cycles
if output voltage is negative
6 H s+ 1o
a H ,— 1 b
1 11- 02
H Ve H
2 11- 10
0> (L>—k1 1= (u,+ kl)/kl
3 11- 20 6 H |
4 11- 01
Vc] N H
1 02- 10
2 10- 02 ’ ’
- k> a> -k t1= (a+ ka)/ (ko= k
TR g 0o 1 11T (er R (k) Ve , 6
4 01- 20
H . H
1 10- 01
2 02- 01 ’
—k2> (L>—k3 3 0l- 10 t1= (u,+ k3)/(k3— Ag) ,
4 20- 10 , H
1 01- 00
2 01- 00
- k3> a> -1 3 10- 00 = (a+ 1)/(1- k3) .
4 10- 00
5 Vo=
Tab.5 Switching sequence and duty cycles
if output voltage is positive -
6 H
1 20- 11 Fig. 6 The analysis of DC voltage for H-bridge
k1> a> 0 2 12- 11 t1= (L/k]
3 02- 11 6 H
4 21- 11 Tab.6 Instantaneous influence of switching
1 12- 20 for DC voltage of H-bridage
2 20- 12
k2> a> k] 3 21— 02 t1= (u,— kl)/(kz— Al) H 1,>0 H 1,< 0 H
4 02- 21
1 21- 12 Si1Sy
2 21- 20 0 ~Va o35
k3> a> kz t1= (u,— kz)/(k3— Ag) e
3 12- 21 S,
4 12- 02 10 53
1 22- 21 S5,
2 22- 21 1 0 —-=
1> a> k ti= (a— k3)/(1- k S1S
a> ks 3 12 1= (a= k3)/(1- k3) ‘12
4 22- 12 1 0 5_15_2
S1Sy
R s M =4 S| S
3 AARCELRFNCHBEZEEE 2 v, 2
152
AL 2R EA > =2 -
H M%) 5450k 4 X 2A%
2
CHB H | H CHB



B, AR AERFRAEAET R L 2RI wAEF 2010 F H40 K F12H

H .
S IA
H H
CHB H , CHB , H
H
7 2 2
, Ia> 0, H 8~ 12
Ve< Vag 2Ve  Va> 2Ve | 10, 201
20,21 H Va
Va ’ 1| R . .l
: H =2 | | |
| ! 2R FRERNR
Z ' |
10, 20, 21 Iao> 0, Vo< Va< 2Ve S ‘
V(:l > 2V(2 H ‘
R 7 7
t/ms (10 ms/k%)
8
2 2 2
Fig. 8 Output voltages no considering the DC voltage ranges
2
00 ()1 02 ll 12 22, —~
| T Y | Vo g
[ 1 11 [ [ =
TV FiVaVatVa 0V-Vo Ve Vi VotV o)
! Sk
00 01 0211 12 22
| | || | | Vo
[ [ [ I [
FVaVa  Fa VatVa 0 Va VotV
7 t/ms (10 ms/#%)
Fig 7 Reducing the instantaneous output power imbalan ce 9
of converter, some state vectors are not used Fig.9 Output voltages considering the DC voltage ranges
H ,
2
; =
>
S ki a , o> 0, Vae< g
Va< 2V e Va> 2V e N 7 =
7
Tab.7 Switching sequence and duty cycles calculation 1 1 1 1 1 1 1 1 1 1
t/ms (10 ms/k%)
a
- ks>a>-1  01-00 t=(a+ )/(1- k3)
k> a> -k 02-01 1= (a+ ka)/( k- ki) 10 H
14> 0 0> a> - k 1= 02 h= (a+ ki)/k) Fig. 10 Output voltages with balanced H bridge output power
ky> a> 0 12- 11 t1=al k .
2> a 1= a/ H 2 . 1
1> a> kz 22-12 = ((L— kz)/(l— kz)
— k> a> - 1 10-00 ti=(a+ /(1= k2) ’ 600
0>a> -k 11- 10 h= (at+ ka)/ks V,300V, , H
14< 0 k> a> 0 20- 11 h=alk 1.414x 600 V, 1. 414 x 300 V,
k3> a> kl 21- 20 t1= ((L— k])(k}— k]) 2' 1 )
1> a> k3 22-21 4= (a- k3)/(1- k3)
2

33



wAAEF 2010 F F 40 K F 128 W, 5 BRACERFERAET R X ZRAHARL

UIV (1 VIH%)

#fms (100 ms/4%)
P
11 ? H
Fig.11  Output current no considering the DC voltage ranges H
[1] Baker R H, Bannister L. H. Electric Power Converter[ P].
g U.S. Patent3867643, Feb. 18, 1975.
; [2] R R , .SVPWM SVp
g WM SPWM . , 2006,
26(1):133-137.
[3] Franquelo L G, Rodriguez J, Leon J I, et al. The Age of
t/ms (100 ms/#%) Multilevel Converters Arrives|[ J]. IEEE Ind. Electron.

Mag. , 2008, 2(2): 28- 39.
12 [4  Cheng Y, Qian C, Crow M L, et al. A Comparison of Diode

Fig. 12 Output current considering the DC voltage ranges clamped and Cascaded Multilevel Converters for a STATCOM

wih Energy Storage[J]. IEEE Trans. Ind. Electron. , 2006,

8 9 53(5): 1512- 1521.

[5] CarrascoJ M, Franquelo L G, BialasiewiczJ T, et al. Power
Electronic Systems for the Grid Integration of Renewable
Energy Sources: A survey [ J]. IEEE Trans. Ind. Elec
tron. , 2006, 53(4) : 1002- 1016.

11
[6] M anjrekar M D, Steimer P K, Lipo T A. Hybrid Multilevel

12 10 201

Power Conversion System: A Competitive Solution for
H 5 Highr power Applications[ J]. IEEE Trans. Ind. Appl.,
P 2000, 36(3) : 834- 841.
H CHB , [71 Blaabjerg F, Pedersen J, Thoegersen P. Improved M odul
H s tion Techniques for PW M VSI Drives|[ J]. IEEE Trans.
Ind. Electron., 1997, 44(1): 87-95.
[8 ) ;
[J]. ,2003,23(11):9-12.

H [9] McGrath B P, Holmes D G. M ulticarrier PWM Strategies
for Multilevel Inverters[J].IEEE Trans. Ind. Electron.,
2002, 49(4) : 858-867.

[10] Gupta A K, Khambadkone A M. A Space Vector PWM
Scheme for Multilevel Inverters Based on Two level Space
Vector PWM [J]. IEEE Trans. Ind. Electron., 2006, 53
(5):1631-1639.

P P 12016 04 08
12016 06 23

34



