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Space Vector Modulation in PWM Inverters and PWM Rectifiers

R RE

ﬁ %**

(Bong-Hwan Kwon - Han-Tae Kim)

Abstract - In this paper, a space vector concept is generalized for PWM(pulse-width
modulated) inverters and PWM rectifiers with current link and voltage link
respectively. Through representing three-phase variables as a space vector, we propose
space vector modulations for PWM voltage and current source inverters, and
PWM rectifiers with current link and voltage link. For these types, switching
states of the switches are systematically analyzed from tables. It is shown in
three-phase PWM rectifiers that power factor of the line current and output dc
voltage can be controlled arbitrarily. The PWM rectifier with current link is also

given as an example system.

Key Words : PWM Inverter(PWMzgl v €]}, PWM Rectifier PWM=A 7)),
Space Vector Modulation(-%7bs! € 122 )
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Fig. 1 Three-phase coordinate vectors and a
space vector X(¢).

olv} 2/3% d-g¥ el A Alolo] ZHAS

{scaling factor)o|v}, 4 (13 4 (3)2zFH
oduigteled ohg ) ko] e,
=Rel[ X| (5-a)
Xb~Re[X exp( i3 ﬂ (5-b)
Xc:Re[X~exp< T’fﬂ (5-¢)

A Xo. Xo Xob W% 34 4Astelerd ohg
3 o] EA R

Xe= Vm'COS(CUf) (G_a\
Xo= Vm-cos<wt¥2T”> (6-b)
Xc: I/m'COS((I)t +2T7T) (G—C)
o714 Ve AW Adshe veEbdeh o]
% T2 (space vector) 2 ZAJsbH ohE3t
Ao,
X(t)= Va-exp(jwt) M
ol AL AAe AEx w2 HAFT Ye Hol

3. ZZtHE{ei X (space vector modulation)

3.1 PWM Mgt o |
als Bl gloiA &=

PWM 444l 237
ohe vEhiE TUE i e ol E4¥
ok,

743



0ol 1) =5+ [toal 1)+ v 1) 7+ 00 1) 7] (8)

714 voa, vob, o F a, b, cArel sk
S vebdich, AgY <= e (VSI: voltage source

inverter) o] H#E3l g 27 29} Zr},
29x9 AA g b3} Fol Hoxn

S;:on oé“H Sz‘*:L 1=1,2, -, 6
S off & of 5*=0

it

2x) 8] Aek 294 S 7 lon) shEk 493
Sob AR (off) axe) A9HEE ¥ 12 E

Alshar sio] AR L sa7F A HH s.7F —15 E4]

Trans KIEE, Vol.41, No.7, JUL. 1992
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S4'7 86/ 82 va=(2/3)E, v,=—(1/3)E, ve=—(1/3)E] th3}
e of a8l 33 o] Fd Vg g & 9k
SRR E 2§ 2eld 2 AR HE oE
a7 2 PWM Ay alue, EhalEl Vol Ve 32 £ glch o] ebpkol
Fig. 2 PWM voltage source inverter. oji gt F7koll glojAd Y W E e Zazql
E 1 Agd Adulee 294 29
Table 1 VSI switch combinations
Wi Ve Va Vi Vs Ve Vo(n=7) | Vo(n=8)
S 1 1 0 0 0 1 1 0
Sz 1 1 1 0 0 0 0 1
Ss 0 1 1 1 0 0 1
Sa 0 0 1 1 1 0 1
Ss 0 0 0 1 1 1 1 0
S 1 0 0 0 1 1 0 1
Va 2 1 1 2 1 1 0 0
gE gk gE 3£ gE 3L
Vi 1 1 2 1. | 1, | _2 0 0
iE 3L 5E 3k g 3L
Ve | _lp | _2p | 1 lp | 2 1 0 0
| 3k 3E 3k 3E 3 3E
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Fig. 3 State space vectors of VS

v
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a4 A 23] d@ Brhdee
Fig. 4 Representation of a space vector from
state voctors.
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Fig. 5 PWM current source inverter.
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I,=0, n=7,89

9ol 277} edel WE L T4
1
E

EAYHY AR e, &

5 i’\ﬁ&‘:}. %524 da%% A

v =
FE LE 9e 4 dvh 23 6belA 27
St FAARe FAAAE it e e
OEREL
(t)=(T L+ Ts L)-}— as)

73 2
@ V3, ]._1_ (
+/ 2 Tz Ts \19)
I,
=23 AATTFE AT L)Y dE AL g
F 4ug Tohd et pr
, io(‘k) la(fk):<lol4' l§2>'1']‘1/2i lo2 \2())
o] 7] A
I, 2
o z'm:ﬁ Lo(tk)-sin<—§‘~¢9r> (21-a)
. 2 ,
Zaz‘_";—*g ol te)-sin(8;) (21-b)
a8 6 AR Avieel Aega
Fig. 6 State space vectors of CSL ole}, ubebd Al (19)el4 4] (21)7AA o] &8l
k33 2 AFY advlEHe 285 =28
Table 2 (SI switch combinations
]1 12 13 14 ]a [a 10(7217) Io(n:S) 10(71:9)
S, 1Y 0 0 0 0 1 1 0
S: 1 1 0 0 0 0 0 1
Ss 0 1 1 0 0 0 0 1 0
S 0 0 1 1 0 0 1 0 0
Ss 0 0 0 1 1 0 0 1
Se 0 0 0 0 1 1 0 1 0
la 1 0 -1 -1 0 I 0 0 0
i 0 1 7 0 -1 -1 0 0 0
i -1 —1 0 I 1 0 0 0 0
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Fig. 7 PWM rectifier with current link.
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Table 3 Switching time of switches of PWM
rectifier with current link
I

=6 | a=1 | a=2 | =3
B=1| =2 3=3| f=4
S Ts T 0 To 0 Ts
Sz T Ts Y2 0 Ty 0

Ss To T T T 0 To
S, Ty o T Ts Ty 0

Ss 0 T 0 T Ts Ts

Ss Ts 0 Ty 0 T Ts J

6
1

748

Trans KIEE, Vol.41, No.7, JUL. 1992

2] &}

283 St 7 E L

= A ThiB=1)gsk A4 Aol 9l sieh, =
gk o FRAGFe B sk A o
S e meiAle] b Fol7] ¢ste] A9
= Sy7b Azl A 7ol o,

TO: Ts* “Te (33)

vlakria]e] o ® 5 Frlol M s 1 4 gl
on] 29A)e) AgHALe F 3o FolAle,

34 Motela g 71Xl PWM HEREJ
AgHzE 74A PWM 1ET7l'C 28 9ol ®
oAt 7hed ANAZYFL ¥ 13 28 33 7
o AstH <lvje e} %C’;lﬁ“ﬂ EA R AR
SHZ A (24) 9f 7o) BHEHG Ao A9y
5 AESA ZHabol] oEt Aok A AL A9d
b3 7o) i)
By Ry g (bar 51+ D) (34-a)
df L a d® o1 hAn \
%'v “Riviv—(va 53" + vnn) (34-b)
dt L & d" V3 hn \ J
LdZC“' e— Rivic—(va 85+ vnn) (34-¢)
(llt L c d 5 hn \ J

AZIA vmnrs A A FAA nrbole] A9l Afol

o, 895 e ARFE oga o] 3AHT)
ta=In-cos(wt — Ba) (35-a)
=1 'COQ(a)t‘g—]L*‘9> (35-b)
iy m - 3 d \
ic:lm'COS(CUZ+%7L— 6d> (35-c)

AZ|A Ine el Helghold Hy 3442
& AHEstEE rhge] A7 AR e

13 9 At =g 7hdl PWMAR 7
Fig. 9 PWM rectifier with voltage link.
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voltage link.
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Fig. 13 Output current of the PWM rectifier.
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