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Components
Stage State # v 0 =
Conducting
01 ison 1 VS/Z o1 ifia >0
02 is off D1 ifi <0
02 is on 2 -VS/2 D2 if io >0
01 is off 02 ifio <0
Q17 and Q2 areis off 3 Vg /2 D2 if i >0
VS/2 D1 if io <0
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Stage State # vy Vin v, Components Conducting

QI and Q2 are on 1 v/2 -vg/2 Vg Qland 02 ifi >0
and Q3 and Q4 are off Dland D2 ifi <0
03 and Q4 are on 2 v/2 v/2 Vg D3 and D4 ifi >0
and QI and Q4 are off O3 and 04 ifi <0
QI and Q3 are on 3 v/2 v/2 0 Qland D3 ifi >0
and Q2 and Q4 are off Dland O3 ifi <0
Q2 and Q4 are on 4 v /2 v/2 0 D4 and 02 ifi >0
and Q! and Q3 are off O4and D2 ifi <0
01, 02, Q3 and Q4 are all off 5 v /2 Vg v /2 D3 and D4 ifi >0

v /2 Ve v /2 Dland D2 ifi <0
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Mode 1

HS9AU (4) NISUE ()
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Mode 2
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Mode 4

HS9AU () NISUE ()
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State State No.  Switch States Vyp, Ve Veq Space Vector

S1, 8,, and S; are on 1 100 Vs 0 -V Vi=1+ jO.577 =23 £30°
and §,, S5, and S5 are off

S5, 83, and §; are on 2 110 0 Vs -V V, = j1.155 = 2/3 £90°
and Ss, Ss, and S, are off

S3, 84, and S5 are on 3 010 —Vs Vg 0 V3 = =1 + jO.577 = 2/ 3 £150°
and Sg, S¢, and S5 are off

S4, S5, and S5 are on 4 011 -V 0 Vs Vy= -1 —j0577 = 2/j3 £210°
and S;, S,, and Sy are off

Ss, 8¢, and S, are on ) 001 0 -V Vs Vs = —j1.155 = 2/3 £270°
and §,, §;, and S, are off

Se. 81, and S5 are on 6 101 Vs —Vs 0 Ve=1-—j0577 = 2/3 £330°
and S5, 84, and S, are off

S1, 83, and Ss are on 7 111 0 0 0 V;=0
and S,, 8¢, and S, are off

84, 8¢, and S, are on 8 000 0 0 0 Vo=0

and Sy, 83, and S5 are off
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1. Single - Pulse - Width Modulation
2. Multiple - Pulse - Width Modulation

3. Sinusoidal Pulse - Width Modulation
4. Modified Sinusoidal Pulse - Width Modulation

5. Phase - Displacement control
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9.2.1 Single - Pulse - Width Modulation
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Mode 1

HS9AU (4) NISUE ()
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Mode 2

HS9AU (-) NIZUE (B
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U9 (-) DIZuE ()
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Mode 4

HS9AU () NISUE ()
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1 my 2my 3my 4my Smy 6ms
v v d a d'
mﬂnmwasaﬂuaﬁmumm ma=1
NORMALIZED FOURIER COEFFICIENTS V,/ Vg, FOR BIPOLAR PWM

My =1 0.9 0.3 0.7 0.6 0.5 04 0.3 0.2 0.1
n=| 100 090 08 070 060 0350 040 030 020 010
n=m 0.60 071 082 092 101 108 LIS L0 14 L2
n=mex 2 0.32 027 02 017 013 009 006 003 002 000
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n £, (Hz) v, (V) Z, () 1. (A) Ly vins (A) P, (W)

1 60 80.0 12.5 6.39 4.52 204.0
19 1140 22.0 143.6 0.15 0.11 0.1
21 1260 81.8 158.7 (.52 0.36 1.3

23 1380 22.0 173.7 0.13 0.09 0.1 43
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1 60 £0.0 12.5 6.39 452 204.0
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21 1260 21.8 158.7 0.52 0.36 1.3
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madlvhingnganaulaalvandadiumu

P=) P R204.0+0.1+13+0.1=2055W

d a [ YY)
a1§uaunaauﬂuqammmazmﬂ"lﬁ’

47



A) %THD va9nszualvianyillalag

o0
()
n=2

/

1,rms

THD, =

Ny \/(0.11)2 +(0.36)" +(0.09)°

4.52

—0.087 =28.7%

48



2
3, ON Wa v o= v

2
SR T ¢ N 1 B R S

2
3, ON Wa v = Vv,

2
: 5, ON Wo v, =,

S [

Lo | S I A
Full bridge Inverter

U @1%35U Unipolar PWM

(d)

49



o a (4 J
icl"iNﬂﬂ1§ﬂ1ﬂ1umﬂﬂﬂu!3@§!ﬂ@§ 1 W‘lﬁ 111 Unipolar

A
Ll
L
HIRANE 4
VAL
SIRAIAVAN
IR
’ | | N—"
YT
S 4
" i v
0 >
54
#V
LA | 4

50



o a (4 J
i‘i"iNﬂﬂ1§ﬂ1ﬂ1umﬂﬂﬂu!3@§!ﬂ@§ 1 W‘lﬁ 111 Unipolar

o1







HS9AU () DIz ()

53




33U (0) NI (+)

54




Mode 3J

190U (0) NIZUE (4)

55




HSIAU (-) DISUE ()
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NORMALIZED FOURIER COEFFICIENTS V,/V. FOR UNIPOLAR PWM

m=l 09 08 07 06 05 04 03 02 0l
n=| 1.00 090 080 070 060 050 040 020 92X 010
n=2m =l 0.18 025 031 035 037 03 033 027 01y 010
n= Emf 3 0.21 0.18 0.14 0.10 0.07 (.04 0.02 0.01 0.00 1),.00
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LY Jd
11399119 1MYNN Normalized

h 0.2 0.4 0.6 0.8 1.0
1 , 0.122 0.245 0.367 0.490 0.612
m, x 2 0.010 0.037 0.080 0.135 0.195
me x 4 0.005 0.011
2mJ,r = | 0.116 0.200 0.227 0.192 0.111
me *= 5 0.008 0.020
3mf & 2 0.027 0.085 0.124 0.108 0.038
3mJ,r + 4 0.007 0.029 0.064 0.096
4m.,r A | 0.100 0.096 0.005 0.064 0.042
4mf + 5 0.021 0.051 0.073
4r_nLi ) 0.010 0.030
Note: (V) ,/V, are tabulated as a function of m, where (V,,), are the rms
values of the harmonic voltages.
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