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1. INTRODUCTION

The inverters are used to convert dc power into ac power at desired output voltage and frequency.
The waveform of the output voltage depends on the switching states of the switches used in the inverter.
Major limitations and requirements of inverters are harmonic contents, the switching frequency, and the best
utilization of dc link voltage. Pulse width modulation (PWM) inverters are studied extensively during the
past decades. In this method, a fixed dc input voltage is given to the inverter and a controlled ac output
voltage is obtained by adjusting the on and off periods of the inverter components. The most popular PWM
techniques are the sinusoidal PWM and space Vector PWM. The Space Vector PWM is an advanced,
computation intensive and possibly the best among all PWM technique. Because of its superior performance
characteristic, it has been finding widespread application in recent years.

It can be shown that the reference voltage vector rotates in circular orbit with some angular velocity,
where the direction of rotation depends on the phase sequence of voltages. With sinusoidal three phase input
voltages, using some PWM technique, PWM signals are generated which then fed to the inverter such that
the output voltages of inverter follows these input voltages with minimum amount of harmonic distortion.

Space-vector concept is used to compute the duty cycle of the switches. It is simply the digital
implementation of PWM modulators. Most advanced features of SVM are easy digital implementation and
wide linear modulation range for output line-to-line voltages.
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2. PRINCIPLE OF SPACE VECTOR PWM
PWM inverters are quite popular in industrial applications. PWM techniques are characterized by
constant amplitude pulses. The width of these pulses is however modulated to obtain inverter output voltage

control and to reduce its harmonic content.
To understand SVM theory, the concept of a rotating space vector is very important. Considering

three phase sinusoidal voltages, given by following equations,

Va =Vm-sinwt 1)
Vb =Vm-sin(wt — 120) (2)
Ve =Vm:sin(wt + 120) (3)

These three vectors can be represented by a one vector which is known as space vector.
Space vector (Vs) is defined as,

j2m —j2m

Vs =Va+Vb*e(T) +Vc*e(T) 4

Vs =2 Vm(sin wt — j cos wt) (5)

T2

i.e, Vs is a vector having magnitude of (3/2)*Vm and rotates in space at ® rad/sec as shown in Figure 1.

Figure 1. Rotating Space Vector

figure 2. below shows three phase voltage source inverter feeding an AC motor.
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Figure 2. Three faze voltage source inverter

Here S1 to S6 are six power switches that shape the output, which are controlled by the switching
variables a, a’, b, b’, ¢, ¢’.  When an upper transistor is switched ON, i.e., when a, b or c is 1, the
corresponding lower transistor is switched OFF, i.e., the corresponding a’, b’ or ¢’ is 0. Therefore, the ON
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and OFF states of the upper transistors S1, S3 and S5 can be used to determine the output voltage. Hence
there are 8 possible switching states, i.e.,(0,0,0), (0,0,1), (0,1,0), (0,1,1), (1,0,0),(1,0,1), (1,1,0), (1,1,1).

The inverter has six states when a voltage is applied to the motor and two states when the motor is
shorted through the upper or lower transistors resulting in zero volts being applied to the motor.

3. RESEARCH METHOD

To implement space vector PWM, the voltage equations in the ABC reference frame can be
transformed into stationary dq reference frame that consists of the horizontal direct (d) axis and vertical
quadratic (q) axis as shown in figure 3 below.

""b

d axis

Figure 3. ABC to dq transformation

From this figure, the relation between these two reference frames is given below.

vd = E(Va *sinwt + Vb - sin (cut - 2?”) + Ve - sin(wt + 2?”) (6)
Vg = E(Va “cos wt + Vb - cos (a)t - 2?") + Vc - cos(wt + 2?") @)
Vo = §(Va + Vb + Vo) (8)

Where w = rotation speed (rad/s) of rotating frame
For ideal cases, considering the angle wt=90°, this transformation can be easily shown in matrix form as
below (not considering zero sequence quantity)

vafj_2 Q1 -1/2 172 {}va
vq 300 v3/2 w32 Vb
Vc

With respect to this dq transformation, space vector can be represented as,
Vs=Vd +jVq (©)]
and 0 = wt = tan~t 22 (10)
vd

To obtain values of voltages in eight different switching states, consider an inverter feeding a star
connected load and center point of the dc link is taken as reference point as shown in figure 4,
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Figure 4. Inverter feeding a star connected load
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The potential of point a, point b & point ¢ with respect to the center point of the dc link is known if

the conducting states of the switches are known. When upper switch is “ON*, the potential of a, b & c is dec

o . . d
and when lower switch is “ON®, the potential ofa, b & cis — %

If the three phase load neutral is connected to the center tap of dc voltage, then the load voltages are
Va0, Vb0 and Vc0. With an isolated neutral (usual for a machine), the equivalent circuit is shown in figure. 4
So, we can write the following equations:

Va0 = Van + Vn0O (11)
Vb0 = Vbn + Vn0 (12)
Vc0 = Ven + Vn0 (13)

Since the load phase voltages are balanced, in other words Van + Vbn + Vcn = 0, adding these equations,
Vn0 = > (Va0 + Vb0 + Vc0) (14)

Therefore, substituting Equation (4.9) in (4.6), (4.7) and (4.8), respectively, we get

Van = §Va0 - §Vbo - ngo (15)
2 1 1

Vbn = EVbO - gVaO - EVCO (16)
2 1 1

Ven = EVCO - gvaO - ngO 17)

Consider the switching states, (0,0,0) & (1,1,1), for that

Van = Vbn =Vcn =0
Hence, Vd=Vq=0
Therefore, Vs = 020°

Now consider the switching state (1,0,0),

VaO=VTdC & Vb0=VC0=—VTdC

~ Van = ngc & Vbn=Vcn = —inc
Hence, Vd=>Van=Vdc & Vq=0

Vs = Vdcz0°

Since (0, 1, 1) is the complementary of (1,0,0),
Vs = Vdcz£180°

Similarly deriving the magnitude and angle of space vector for all possible switching states.
They are, for (0, 0, 0): Vs=020° —Vo0

For (1,0,0): Vs=Vdc £0° —VI

For (1,1, 0): Vs=Vdc £60° —V2

For (0, 1, 0): Vs=Vdc £120° —»V3

For (0, 1, 1): Vs=Vdc £180° —»V4

For (0, 0, 1): Vs=Vdc £240° —»V5
For (1, 0, 1): Vs=Vdc £300° —»V6
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For (1,1, 1): Vs=02£0° —V7

There are 6 non-zero vectors (V1 to V6) and 2 zero vectors (VO & V7).The on and off states of
lower power devices are opposite to the upper one and so are easily determined once the states of the upper
power transistor are determined.

q axis 4
V;
(010)

ayn

Vs Vs
(001) (101)

Figure 5. Basic Switching vectors and Sectors

3.1 Realization of Space Vector PWM
The objective of Space Vector PWM technique is to approximate the reference voltage vector Vref,
using the eight switching patterns. One simple method of approximation is to generate the average output of
the inverter in a small period T, to be same as that of Vref in the same period.
The space vector PWM is realized based on the following steps:
Stage 1: Determine Vd, Vq, Vref and angle («)
Stage 2: Determine time duration T1, T2, TO
Stage 3: Determine the switching time of each transistor (S1 to S6)
Stage 1: Determine Vd, Vq, Vref and angle (a

vdj_2 1 -2 -1/2 Van
vql 300 v3/2 -3/2Qf vbn
n

Vc

Vref = {/Vd? + Vg2

and a = tan™? (3—3) = ot = 2nft

Where f = Fundamental frequency

Stage 2: Determine time duration T1, T2, TO

In space vector PWM technique, the required space vector is synthesized by two adjacent vectors and null
vector. Switching time duration at Sector 1:

From figure. 6, the switching time duration can be calculated as follows:

(0)

Figure 6. Reference vector as a combination of adjacent vectors at sector 1
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Tz

Tz Tl T14+T2
Now, Jo Vrefdt= [ Vidt+ [ TV2dt+ [,

(VO or V7) dt

~Tz-Vref=T1-V1+T2-V2

. = coso] _ 2 1 2 [cos (n/3)
« Tz - |Vref]| [Sina] =T1 3 Vde [0] 1202 Vder | )
. _ ... . sin(n/3-0)
#T1=Tz-p =222 (18)
sina
~T2=Tz-p- nG/3) (19)
And TO = Tz — (T1 + T2) (20)
Where, T1 =time for which V, is applied
T2 = time for which V, is applied
TO = time for which null vector is applied
__ |Vref]
- %Vdc
Tz = period during which average output should match the input = ?
Ts = sampling time = é & fs = fundamental frequency
0<a<60°
Stage 3: Determine The Switching Time Of Each Transistor (S1 To S6)
’ I, ’ T, ’ T, 0 T, . T, " T, .
T T T TR T T | R B RN L R
OO R M P
Sl 5 ———— 5 —
(upper) SJ 53 I ] S; 1
5 '_l_‘ 5 —— S )
’ |
s, = §,—= | s, |
(lower) §s——— — 5= = §= —]
Sz S, ] [ S2 — —
Vv, Vv, OV, V; Vv, VW, VOV, OV, VOV OV, Vv, V, VOV, VOV Y, VY,
(w) Sector 1 (b) Sector 2 {c) Sector 3
4 Tz b Tz Tz » TI & Tz " TZ
IS A A oY I A O ) o o e e I T TQJZ‘ T T, Wz
P ¢ et P
) —L 5 — SiL s J
(upper) S, — S — § ——
Si [ Sq 1 S) | N —
§,=——m [ s, ] —— §,[= —
(lower) §;,—— S6 ‘ 5
§,=1 — = = §F—= —
v, Vi v, VooV v, W, Vo Vo Vo ViV oV VW, V, VOV Vv VY,
(d) Sector 4 (e) Sector 5 (N Sector 6

Based on Figure 7, the switching time at each sector is summarized in Table 1, and it will be built in simulink
model to implement SVPWM.
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Table 1. Switching time calculation at each sector

Sector | Upper Switches (S, S,, S;) | Lower Switches (S,, S¢, S,)

Si=T+ T+ Ty/2 §,=Ty/2

1 S3=T,+T,/2 Sg=T+T,/2
S;=Ty/2 S, =Ty+T+T /2
$;=T+Ty/2 §,=T,+Ty/2

2 S3=T+T,+T/2 Sg=Ty/2
S;=T,/2 S, = T+T+Ty /2
$,=Ty/2 S =T +T+Ty /2

3 S3=T+T,+Ty/2 Se=Ty/2
S;=T,+T,/2 S,=T+Ty/2
$,=Ty/2 Sy = T+T+T /2

e S3=T,+Ty/2 Se=T,+T,/2
S;=T+T,+Ty/2 $,=Ty/2
$;=T,+Ty/2 Sy=T+Ty/2

5 $3=T/2 Sg=Ty+T+Ty /2
Ss=T+ T+ Ty/2 $,=Ty/2
Si=T+T,+Ty/2 §,=Ty/2

6 S3=T,/2 Sp = Ty+T+Ty /2
S;=T+T,/2 S, =T, +Ty/2

4.  SIMULATION OF SVPWM TECHNIQUE
4.1 Stages to Build Matlab/Simulink Model:
Stage 1: Modulation of Sinusoidal and Carrier Waves and obtain Pulses

Stage 2: Obtain Gate Pulses

Stage 3: Generate output voltages in the inverter

Stage 1: Modulation of Sinusoidal and Carrier Waves and obtain Pulses
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Stage 3: Generate output voltages in the inverter
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4.2.  Waveforms of Simulation Results:
4.2.1. Waveforms of getting pulses for six switches:
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4.2.2. Waveforms of line voltages:

1 I
| 1 HIIIIIII-ISII |1 ‘ﬂlllll-llll \

i - " i1 IIIIIHMH

[ 1 | 1 IIIIIIIIIIIII 10

i I T ] |y Illllllllﬁ
O m N A Nl

4.2.3. Waveforms of Phase voltages:

4.2.4. Waveforms of line currents:

Modeling and Simulation of SYPWM Based Application (Ashish Porwal)



148 a ISSN: 2252-8792

6. CONCLUSION

Here in this project, the Space Vector Pulse Width Modulation Technique is successfully
implemented in voltage source inverter fed asynchronous motor. SVPWM shows that output is free from
third harmonic.
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