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Figure 35. Power Bridge for a Three-Phase VSI
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Table 75. Device On/Off Patterns and Resulting Instantaneous Voltages of a
3-Phase Power Inverter

c b a Van VBN Ven Vae Ve Vca
0 0 0 0 0 0 0 0
0 0 1 Npe/d3  -Vpo3 -Vpo@  Vpe 0 Vpe
0 1 0  —Vpo/3 2Vpe/3 —Vpef3  —Vpe Ve 0
0 1 1 Vpo3  Vpo/3  -2Vpo/3 0 Vpe Vpe
1 0 0  —Vpof3 -Vpo/3  2Vpof3 0 Vpe Vpe
1 0 1 Vpol3  -2Vpo/d Voo Vipc “Vpe 0
1 1 0 —2Vpefd3 Vpofd3 Vg3 -Vpe 0 Ve
1 1 L 0 0 0 0 0 0
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Table 76. Switching Patterns, Corresponding Space Vectors, and their (d-q)

Components
c b a Vs Vas Vector
0 0 0 0 0 Op
0 0 1 2V, 0 Ug
3
0 1 0 _ Vbc Vﬁc U1ED
3 /3
0 1 1 Vi De Uso
3 ]
1 0 0 Ve - Ve Uz40
3 3
1 0 1 Vo _ Yoe Usaop
3 V3
1 1 0 B 2V 0 Uqag
3
1 1 1 0 0 O111
B4 (c,b,a):
U,5(010) T Ugg(011)
q

U,go(110) » U,(001) —

Upe(100) Usgo(101)

Figure 36. Basic Space Vectors

The objective of Space Vector PWM technique is to approximate a given stator
reference voltage vector V* by combination of the switching pattern corresponding
to the basic space vectors. The reference voltage vector V* is obtained by mapping
the desired three phase output voltages(line to neutral) in the (d—q) frame through

the Clarke transform defined earlier.
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Figure 30. Projection of the Reference Voltage Vector
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Table 70. 1 and t2 Deflnltmns for Different Sectors in Terms of X, Y and 2
Variables
Sector Uo- Uso Uso Y120 Yiz0-Y4ao Yiaor Yza0 Yza0-Ysoo  UYaoor Yo
i1 -£Z z X -X =Y Y
t2 X Y Y Z -Z -X
B X 1 2 3 4 5 6
ARAIVEN U0 U120 U120 U240 U240 U0
20 VR E U60 U60 U180 U180 U300 U300
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S22 IR R -1 T
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LURE S
Table 71. Assigning the Right Duty Cycle to the Right Motor Phase

Sector Upg.Ugg  Ugo. U420  V420- U1go Vigo: Vago U240, Vago  Vago: Yo
Ta taon thon tcon tcon tbon taon
Tbh thon taon taon thon tcon tcon
Tc tcon tcon thon taon taon thon
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/%

File name: SVGEN DQ.C (IQ version)
Originator: Digital Control Systems Group Texas Instruments

Description: Space-vector PWM generation based on d-q components

History: 04-15-2005 Version 3.20
__________________________________________________________________ */
#include "IQmathLib.h" // Include header for IQmath library

// Don't forget to set a proper GLOBAL Q in "IQmathLib.h" file

#include "dmctype.h"
#include "svgen dq.h"

void svgendq_calc(SVGENDQ *v)
{
_iq Va,Vb,Vc,tl,t2;
Uint32 Sector = 0; // Sector is treated as QO - independently with global Q

// Inverse clarke transformation
Va = v->Ubeta;
Vb =_IQmpy( _IQ(-0.5),v->Ubeta) + IQmpy( I1Q(0.8660254),v->Ualpha); //sqrt(3)/2
Ve =_1Qmpy(_1Q(-0.5),v->Ubeta) - IQmpy(_1Q(0.8660254),v->Ualpha); //sqrt(3)/2

// 60 degree Sector determination
if (Va>_1Q(0))
Sector = 1;
if (Vb>_1Q(0))
Sector = Sector + 2;
if (Ve>_1Q(0))
Sector = Sector + 4;

/I X,Y,Z (Va,Vb,Vc) calculations
Va = v->Ubeta; /I X=Va
Vb =_IQmpy(_IQ(0.5),v->Ubeta) + 1Qmpy( 1Q(0.8660254),v->Ualpha); /Y =Vb
Ve=_1Qmpy( 1Q(0.5),v->Ubeta) - [1Qmpy( 1Q(0.8660254),v->Ualpha); /I'Z=VNc¢



if (Sector==0) // Sector 0: this is special case for (Ualpha,Ubeta) = (0,0)
{

v->Ta=_1Q(0.5);

v->Tb = 1Q(0.5);

v->Te=_1Q(0.5);
¥
if (Sector==1) // Sector 1: t1=Z and t2=Y (abc ---> Tb,Ta,Tc), 60-120
{

tl =Vc;
t2 =Vb;
v->Tb = IQmpy(_I1Q(0.5),( 1Q(1)-t1-t2)); // tbon = (1-t1-t2)/2
v->Ta = v->Tb+t1; // taon = tbon+t1
v->Tc = v->Ta+t2; // tcon = taon-+t2
H
else if (Sector==2) // Sector 2: tI=Y and t2=-X (abc ---> Ta,Tc,Tb), 300-360
{
tl =Vb;
t2 =-Va;
v->Ta=_1Qmpy(_1Q(0.5),(_IQ(1)-t1-t2)); // taon = (1-t1-t2)/2
v->Tc = v->Ta+tl; // tcon = taon+t1
v->Tb = v->TcH+2; // tbon = tcon+t2
H
else if (Sector==3) // Sector 3: t1=-Z and t2=X (abc ---> Ta,Tb,Tc), 0-60
{
tl =-Vg;
t2 =Va;
v->Ta=_1Qmpy(_1Q(0.5),(_IQ(1)-t1-t2)); // taon = (1-t1-t2)/2
v->Tb = v->Ta+tl; // tbon = taon+t1
v->Tc = v->Tb+t2; // tcon = tbon+t2
H
else if (Sector==4) // Sector 4: t1=-X and t2=Z (abc ---> T¢,Tb,Ta), 180-240
{
tl =-Va;
t2 =Vg;
v->Te=_1Qmpy(_1Q(0.5),(_IQ(1)-t1-t2)); // tcon = (1-t1-t2)/2
v->Tb = v->Tc+tl; // tbon = tcon+t1
v->Ta = v->Tb+t2; // taon = tbon+t2
H
else if (Sector==5) // Sector 5: t1=X and t2=-Y (abc ---> Tb,Tc,Ta), 120-180
{
tl =Va;
t2 =-Vb;

v->Tb = IQmpy( 1Q(0.5),( IQ(1)-t1-t2)); // thon = (1-t1-£2)/2



v->Tc = v->Tb+t1; // tcon = tbon+tl
v->Ta = v->Tc+t2; // taon = tcon+t2
}
else if (Sector==6) // Sector 6: t1=-Y and t2=-Z (abc ---> Tc,Ta,Tb), 240-300
{

tl =-Vb;

2 =-Vg;

v->Te=_1Qmpy(_1Q(0.5),(_IQ(1)-t1-t2)); // tcon = (1-t1-t2)/2
v->Ta = v->Tc+tl; // taon = tcon+t1
v->Tb = v->Ta+t2; // tbon = taon+t2

// Convert the unsigned GLOBAL Q format (ranged (0,1)) -> signed GLOBAL Q format (ranged
(-1,1)

v->Ta=_1Qmpy( 1Q(2.0),(v->Ta-_1Q(0.5)));

v->Tb =_1Qmpy( 1Q(2.0),(v->Tb-_1Q(0.5)));

v->Tc=_1Qmpy( 1Q(2.0),(v->Tc-_1Q(0.5)));

H
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FEAE TR 25 CMPRx 2 Hi Je AT T=2*(T-0.5) 40 21, MBI 7732547 CMPR=(T/2+1/2)*T1PR
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ALPHERET: Ta=0.1, Tb=0.4, Tc=0.9,
2 T=2%(T-0.5)4#J5: Ta=-0.8, Tb=-0.2, Tc=0.8;
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