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Abstract: Space Vector PWM (SVPWM) is a more sophisticated technique for generating a fundamental sine wave that provides a
higher voltage to the motor and lower total harmonic distortion (THD). It is also compatible for use in vector control (Field orientation)
of AC motors. This abstract describes the theory of SVPWM and the project shall be made using a programmed microcontroller of 8051
families duly interfaced to 3 phase six pulse inverter with 6 no’s MOSFET from DC derived from a single phase mains or 3 phase, 50
Hz supply. The load shall be a three phase 50 Hz 440volt 0.5 HP motor. Alternatively, a star lamp load can be used in place of motor
to view the waveform only.

Further this project can be enhanced by using IGBT instead of MOSFET for higher voltage power operations. Speed control
of the motor can also be achieved by V/F method.

Key Words: SVPWM —Space Vector Pulse Width Modulation, AC- Alternating current, PWM-Pulse width modulation SVM- Space
vector modulation,

I. INTRODUCTION:

SVM is an algorithm for the control of pulse width modulation (PWM). It is used for the creation of alternating current (AC
) waveforms; most commonly to drive 3 phase AC powered motors at varying speeds from DC using multiple classD amplifiers. Ther
e are various variations of SVM that result in different quality and computational requirements. One active area of development isin t
he reduction of total harmonic distortion created by the rapid switching inherent to these algorithms.  Space vector modulation isa P
WM control algorithm for multiphase AC generation, in which the reference signal is sampled.regularly, after each sample, nonzero a
ctive switching vectors adjacent to the reference vector and one or more of the zero switching vectorsare selected for the appropriate f
raction of the sampling period in order to synthesize the reference vector and one or more of the zero switching vector are selected for
the appropriated friction of sampling period in order to synthesize the reference signal as the average of the used vector.
Il. CONTSTRUCTIONAL DETAILS:
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Fig 1: Output Voltages of Three-Phase Inverter
Where, Upper transistors: 51’ 83, 55
Lower transistors: 84, SG, 82

Switching variable vector: a, b, ¢
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S1 through Se are the six power transistors that shape the output voltage

When an upper switch is turned on (i.e., a, b or ¢ is “1”), the corresponding lower switch is turned off (i.e., a', b' or ¢' is “0”)
Eight possible combinations of on and off patterns for the three upper transistors (S1, Ss, Ss)

Line to line voltage vector [Vap Ve V]!

Vab 1 -1 0 a
Vbc — Vdc x| 0 1 —1] % b] Where switching variable vector [a b C] t
Vea -1 0 1 c

Line to neutral (phase) voltage vector [Van Vbn Vcn]!

Van] 1 2 -1 -1]a
Vbn =§Vdc -1 2 -1 b]
Ven -1 -1 21tc

The eight inverter voltage vectors (Vo to V7)
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Fig 2: The eight combinations, phase voltages and output line to line voltages

Voltnge Switching Vecrtors Line 1o noutral voltage Line o line voltage

Viectors “ B « Ve \ " Yan Ve Ve Moo
Vo o o o o o o o o o
Vv, 1 o o 2/3 -1/3 -1/3 1 o -1
Ve 1 1 o 1/3 1/3 -2/3 o 1 1
Va o 1 o -1/32 2/3 -1/3 -1 1 o
Va o 1 1 ~2/3 1/3 1/3 1 o 1
Va o o 1 -1/3 -1/3 2/3 o -1 1
Va 1 o 1 73 -2/3 1/3 1 -1 o
Vs 1 1 1 o o o o o o

(Notes that the respeactive valtage should be multiplied by V., )

PRINCIPLE OF SPACE VECTOR PWM:
Treats the sinusoidal voltage as a constant amplitude vector rotating at constant frequency
This PWM technique approximates the reference voltage Vet by a combination of the eight switching patterns (Vo to V7)

Co-ordinate Transformation (abc reference frame to the stationary d-q frame): A three-phase voltage vector is transformed into a vector
in the stationary d-q coordinate frame which represents the spatial vector sum of the three-phase voltage
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The vectors (V1 to Vs) divide the plane into six sectors (each sector: 60 degrees)

Vet IS generated by two adjacent non-zero vectors and two zero vectors
COMPARISON OF SINE PWM AND SPACE VECTOR PWM:

b q*

Fig: Locus comparison of maximum linear control voltage in Sine PWM and SV PWM.

Space Vector PWM generates less harmonic distortion in the output voltage or currents in comparison with sine PWM
Space Vector PWM provides more efficient use of supply voltage in comparison with sine PWM

Sine PWM: Locus of the reference vector is the inside of a circle with radius of 1/2 V.

Space Vector PWM: Locus of the reference vector is the inside of a circle with radius.

. Voltage Utilization: Space Vector PWM = 2/V3 times of Sine PWM of 1//3 V.

REALIZATION OF SPACE VECTOR PWM:

Step 1. Determine Vg, Vg, Vrer, and angle (o)

Step 2. Determine time duration Ty, T2, To

Step 3. Determine the switching time of each transistor (S1 to Se)
Step 1. Determine V4, Vg, Vrer, and angle (o)

Coordinate transformation: abc to dq

vV a, d axis

Fig: Voltage Space Vector and its components in (d, q)
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Step 2. Determine time duration Tz, T2, To :

\
W

Fig: Reference vector as a combination of adjacent vectors at sector 1.

Switching time duration at Sector 1:

Tz T1+T2
[ Vrep = [y Vadt + [ Vo dt+ [0 Ve (1)

TZ'VTef = (Tl.Vl + TZ'VZ )

= cos(a)] _ 2 1 2 Cos(n/g)
T, |Vresl. [Sin(a)] =T,.2. [0] +T3.2 Ve Lin(%) ........... @)
(where,0 < a < 60)
sin (; = a)
T,=Tza————==
1= 2 Gin(/3)
sin(a)
TZ = TZ' G.W
To=T,— (T, +T,),|wh =1 Wrer|
0= 1 2), |where, T—F and a = Z 3)
s 3Vdc
Switching time duration at any Sector:
V3T, e (. (m n-1
T1=V—dc(sm(§—a+71r)> ............... (4)
‘/— T, |Vref|

V. ( m 3 w— a)

\/E'Tz.|Vref| .. n n .
=———|sin;mcosa —cos-mwsinx
Vac 3 3
V3T Vref -1
= el (sin (a - "—n)) ......... (3)
Vac 3
_ \/§ . Tz.|Vref|

< . n-—1 +si n—-1 )
—cos a.sin 7 + sin a cos 4
Vae 3 3
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DETERMINE THE SWITCHING TIME OF EACH TRANSISTOR (S1 TO Se):

" T, L Tz Tz _ Tz N
T2 T, | T, |T2|T2| T, | T, [152 Tofl‘ T, LT LTUQ Ty2| T, | T, [r{,fz
+ l'-|: it = = -l- ='-|-1 '-'—|-= L b L d ‘-'lfv --'lfv "—'l-- =
S1 [ l S1 I 1
(upper) S, (upper) S,
|
Sy S,
(lower) S, ——————— (lower) 54
S2—| e —— Sz—| e ——
Vo Vi OV, VOV, VY, Vo ViV, VWV, WV, WV, VW,

ia) Sector 1. (b} Sector 2.

Tufz .L -LTD.JZ Tufz.L _L .LTD,’;: TD.J.'E.‘ .L .LTD.-“Z Tufz.L .L .\Infz
S, 5,
(upper) S, I | (upper) S, . |
(=1 [ 1 (=1 [ 1
S..J, I — | I S4 [ I
(lower) S; (lower) S,
S2 I | —— S2 — | —
Vo Vi VeV, V,oV,v, Y, Ve, Vi V. V., vV, VYV, V., Vv,
(c) Sector 3. (d).Sector 4.
T
T, T, - L. e = -
2| T, | T [Ty2|Ts2] T, | T, T2 :w%!, k2 e T ;LT”Q: s 0”2:!: T »e L Nbiand
d =4 "-'l-‘.- L =4 "-'|f.- "-'|'-'.- "-'|'-'.- = Sl I I
Sy ' ! (upper) § —
(upper) S, e — 5.
Sl o . ;
S-l. — | —
Sd —— | ——
P — | (lower) §,FF——7-—7-—7"7 —
(lower) S;———— 1 s, ——— —
S, /]

Vo V, Vg VoV, Ve VY,

(e) Sector 5. (f) Sector

Fig: Vector Pwm Switching Patterns At Each Sector
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SECTOR | UPPER SWITCHES ( S; S5, S3) Lowe switches (S S;, S3)
1 51=T1+T2+T0/2 S4_=T0/2
53=T2+T0/2 S6=T1+T0/2
SS=TO/2 SZ=T1+T2+T0/2
2 51=T1+T0/2 S4=T2+T0/2
53=T1+T2+T0/2 S6=T0/2
SS=T0/2 52=T1+T2+T0/2
3 51=T0/2 S4=T1+T2+T0/2
53=T1+T2+T0/2 S6=T0/2
55=T2+T0/2 SZ=T1+T0/2
4 51=T0/2 S4=T1+T2+T0/2
S3:T1+T0/2 56:T2+T0/2
SS=T1+T2+T0/2 52:T0/2
5 51=T1+T0/2 S4:T1+T0/2
S3=T0/2 56=T1+T2+T0/2
55=T1+T2+T0/2 SZ=T0/2
6 51=T1+T2+T0/2 S4=T0/2
S3:T0/2 56=T1+T2+T0/2
SS=T1+T0/2 SZ=T2+T0/2

Table 2. switching time table at each sector o~ '

Fig. Final Assembly of Circuits
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11l. ADVANTAGES:

1) SVM lower harmonics and a higher modulation.
2) Better fundamental output voltage and current.
3) Reduce switching losses.

4) High switching frequency

IV. RESULT:

Sinusoidal PWM three phase reference modulating signals are compared against a common triangular carrier to genera
te the PWM signals for the three phases. It is simple and linear between 0% and 78.5% of six step voltage values, which results in po
or voltage utilization. Frequency in conventional spwm output waves owing to their fixed switching frequencies.

The simulation circuit connection of a three phase inverter based induction motor drive with Sinusoidal PWM (SPWM
) is as shown in above figure. Here the threephase 415V, 50Hz ac supply is converted into dc and then this DC voltage is converted int
0 3phase variable frequency ac. Here the controlling of inverter is done by PWM method i.e. sinusoidal PWM. The speed and electro
magnetic responses of induction motor with the different load torques at different instants are as shown in Fig. 11. From this figure it

is observed that when load is applied on the motor the speed of motor get reduced.

Fig. output waveform
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V. FUTURE SCOPE:

The space vector pulse width modulation based algorithms for multilevel inverters. The SVPWM algorithms have
essentially been aimed at reducing the harmonic distortion in the output voltage of multilevel inverters. The performance of all these
algorithms can be evaluated in the over modulation zone. Analytical evaluation of harmonic distortion for multilevel inverters can also
be carried out.

More SVPWM based techniques can be developed for inverter switching at much higher frequencies and hardware implementation can
also be done. All the proposed algorithms in this thesis are for time-invariant systems. Further to reduce the switching losses of the
inverters, discontinuous pulse width modulation algorithms have to be proposed

VI. CONCLUSION:

The simulation of “Control of Induction Motor Drive Using Space Vector PWM” is carried out in MATLAB/Simulink
. The simulation has been done for open loop as well as closed control. The appropriately output results are obtained. The variation of
speed of Induction Motor has been observed by varying the load torque in open loop control and results are noted down in the table.

Also observed that for the change in input speed operate the motor speed is settled down to its final value with in 0.1sec.
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