. & Tech. Journal, Vol.27, No.10, 2009

Modeling and I mplementation of Space
Vector PWM Driver of 3-Phase | nduction M otor

Dr. Mgjid K. Al-K hatat* & Fadhil Abbas Hassan*
Received on: 27/7/2008
Accepted on: 5/3/2009

Abstr act

This research proposes the design, simulation, and implementation of a
three-phase induction motor driver, using voltage-fed Space Vector Pulse Width
M odulation technique (SVPWM), which is an advance and modern technique. The
SVPWM provides maximum usage of the DC link. A MATLAB/SIMULINK
program is prepared for simulating the overall drive system which include;
voltage-fed space vector PWM inverter model and three-phase induction motor
model. A practical mode is designed by imitate the conceptions of TMS320
(DSP) microcontroller. This practical model is completely implemented and exact
results are obtained. The worst state of the harmonics content of the voltage and
current (no-load condition) are analyzed. This analysis shows high reduction in the
dominant harmonics and very low total harmonic distortion (THD) when SVPWM
is used (less than 5%), compared to (more than 20%) in square wave.
Experimental and simulation results have verified the superior performance and
the effectiveness in reduction the harmonic losses and switching losses.

Keywords: SVPWM, Harmonics Analysis, Dynamic Modd of Induction Motor,
DSP, Design and I mplementation, THD.
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1. Introduction
Variable-voltage variable-
frequency inverter drives are the most
important method used as speed
control of induction motors. For long
time a square wave inverter used as
speed control of low- and medium-
power induction motor [1,2], which
consist of variable AC to DC
converter produces controllable DC
voltage which is used to generate
single, two or three phase output
square wave at variable frequency,
using semiconductor  devices like
transistors or thyristors. The main
disadvantage of this method is the
high number of harmonics, which
causes many operation problems.
After the developments in power
electronic technology, the pulse width
modulation technique appears which
minimized harmonic effects. In PWM
inverter the DC link kept constant by
a front end diodes bridge and the
fundamental output frequency can be
controlled within the inverter using
PWM technique, the inverter power
bridge devices switched “ on “ and
“off “ many times within half-cyclein
order to generate variable output
voltage which has low harmonics
content used as speed control of afew
hundreds of Kw induction maotors [3].
At present time, fully digital
AC drives becoming an industrial
standard and high performance drives
represents by space vector pulse
width modulation (SVPWM), which
become a good solution for many
modulation problems presented in
traditional PWM. This method based
on fully digital signal processing
which produces high performance
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output voltage with low harmonics to
fundamental ratio.

2. Voltage sourceinverter

A voltage source inverter (VSI)
should have a tiff voltage source at
the input, that is, its Thevenin
impedance should ideally be zero.
Thus, a large capacitor can be
connected to the input if the voltage
source is not stiff. Figure (1) shows a
practical (VSI) consist of power
bridge devices with three output legs,
each consisting of two power
switches and two freewheeling
diodes, the inverter is supplied from
DC voltage source (either battery or
diode-based bridge rectifier) via LC
or Cfilter.

In (VSl) the power
semiconductor devices always remain
forward biased due to the DC supply
voltage, therefore, self-controlled
forward or asymmetric blocking
devices, such as GTOs, BJTs, IGBTs
and power MOSFETs are suitable.
One important characteristic of the
(VSI) is that the AC fabricated
voltage wave is not affected by the
load parameters[1,5].

3. SVPWM technique

Since digital AC drives are
becoming popular in industry, the
traditional triangular carrier method
has been overcome by the SVPWM.
Because of its superior performance
characteristics, it has been finding
widespread applications in recent
years. With PWM, the inverter can
thought as three separate push-pull
drive stages, which create each phase
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waveform independently. However,
SVPWM treats the inverter as single
unit [1,2,3].

With a machine load, the load
neutral is normally isolated, which
causes interaction among the phases.
This interaction was not considered
before in PWM. The SVPWM
method considers this interaction of
the phases and optimizes the
harmonics of three-phase isolated
neutral load [1].

3.1 Switching states vector:

A three-phase bridge inverter, as
shown in figure (1), with three output
legs, has ( 2° = 8 ) permissible
switching states. If leg(a) which
connected between (Q,Qs) s
represented by an indicator “S;”, also
leg(b) by an indicator “S,” and leg(c)
by “S’, since the upper switching
devices and the lower switching
devices are complementary (i.e. Q4 =
1 - Qy), then, the switching states can
be represented by binary values ( 0,1
). When, S;= 0 that equal to Q= off
and Q= on, when S= 1 that equal to
Q:=on and Q4= off, and that is true
for S, and S. . The eight switching
states of the three-phase inverter can
be shown infigure (2) [1,2,3,6].

The relationship between the
switching variable vector [S, , & ,
S]" and the linetoline output
voltage vector [V, Vie, Ve " and the
phase voltage vector [Va, Vion, Va1
are given by the following equations
[1,2]:

Vab 1 -1 01[Sa
Vbe| =Vg4| 0 1 -1 [Sb
Vca -1 0 111S¢c
....(1)
Van . 2 -1 =1][Sa
[Vbn =;Vd -1 2 —1] Sb
Ven -1 -1 211Ssc
....(2)

Where, V4 isthe DC supply of the
inverter bridge.

By applying the eight states of [S,, S
, SJ" in equations (2) gives theline-
to-neutral voltages space vectors
shown in table (1).

3.2 Space vector representation

To understand the SVPWM
theory, the concept of a rotating space
vector and axis transformation is very
important [1,2,3]. Any three-phase
guantities can be represented by two
axis frames, like (qd) axes which are
a complex axis frame g-axis
represents quadrature real axis and d-
axis represents direct imaginary axis.
The transformation procedure can
easily be done by the following
formula[1,2,3,6]:

['i-"q :g[cosﬂ cos120° cus—llﬁ‘“]
vdl 3lsin0 sinl20® sin-120°
Va
i
Ve

Or,
Vg _ 2 [1 -1/2 —1;’2]
[\rd "3 lo V32 =32
Va
[Vb
Vc

The resultant voltage space vector is

given by:

Vaa = VqtjVy - )

= 21(Var3Vo-3 Vo) H(E Vpt =2

Ve)l - -

=2 IVatC S+ Vo (- 3-1 5V
Vg = § [VataV,+a V]

(3

j120°

Where a=e and a’=

e—i120°

By applying the phase and line
voltages of different states in equation
(3) phase and magnitude of the eight
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switching space vector voltage can be
gotten as shown in table (2).

Table (2) shows that there are six
non-zero space vectors and two zero
space vectors. The active vectors are
60° angle apart and describe a
hexagon boundary with six sectors as
shown in figure (3).

The two zero vectors V,(000) &
V7(111) arerepresented as two dots at
the origin. The desired three-phase
voltage called reference voltage “Vi e
as shown in figure (3), the magnitude
and rotational speed of “V,g” is the
same as the fundamental magnitude
and frequency. If the output space
vector “V,¢” moves through the six
states VV; — V¢ the output voltage will
have square waveform [1].

In SVPWM the space reference
voltage moves from state-1 to state-2
by time sharing PWM between V;
and V,. For example if the vector
“Ve” lies in sector-1, the PWM
adjusted between V,(100) and
V(110) by duty cycle of each being
T4 and T, respectively, and the zero
vectors V,(000) and V,(111) of duty
cycleTo[1,2]:

-Ts '-T.;: . rTp+Tg r
JoVep dt = [ vyde + [TV,

+

dt

o Vo or (V5)dt

TsVref = Ta V1+ Tb V2+ To Vo

Ts= Ta+Tp+T,
..(5)

Where, T is the sampling time period
of the switching frequency.

Usually, each sector of the
hexagon is divided into sub-sectorsin
which the reference voltage “Vig”
will moves in angular steps, the width
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of steps (sub-sector angle) depends on
the maximum permissible switching
rate of the power switching devices.
whenever step width is small and
switching rate is high the shape of the
output fundamental voltage will be
close to sine wave but with increase
in the switching losses [6,7].

3.3 Modulation regions
3.3.1Linear or undermodulation
region:

In this region the inverter
transfer characteristics are naturally
linear and the reference space voltage
has continues rotation [1,8]. Figure
(4) shows phase (a) component of the
reference voltage in six sectors. As an
example, a convenient way to
generate the PWM output is to usethe
gpace vectors V; and V, of sector-1
on apart-time basis to satisfy the
average output demand as shown in
figure (4):

Vie Sin (60°— 6) = V,sin(60°)
Vi SiN(0)=Vpsin(60°)

Va =—3 Ve Sin (60° - 0)

Vp = —5 Vit Sin(0)
Vig = Vat Vp= Vi 24 Vo o + Vg

To

s

¢ TesgTe V=TS
1
To=DT, V=20
Tosz_Ta_Tb
That led to:

Ta=V3Too-sn(60°-6)

..(6)
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To=V3 Tomosn(0)
(D)

To=Ts—(Tat+Ty)
..(8)

Thetimeinterval T,and T,
satisfy the reference voltage, but T,
fills up theremaining gap in Ts[1].

In the linear region the vector
Vi dways remains within the
hexagon. The region ends when Vg
equal to the radius of biggest circle
can be drawn within the hexagon as
shown in figure (4). The ratio
between the reference vector V¢ and
the fundamental peak value of the

square-phase voltage wave ( L )
called the modulation index ( m):

Vra
m= !

Visw

..(9)

The maximum  modulation
index can be obtained when V¢ equal
to theradius of the inscribed circle:

(Vi Jmax = = Vacos(30°) =0577
Vyg
Therefore,
Mmax = 0577 va = 0907

:1':‘.‘:._1_
It means that 90.7 percent of the
square wave fundamental voltage is
available in the linear region of
SVPWM.

3.3.2 Overmodulation
mode-1:

region

In overmodulation region mode-1,
shown in figure (5) the reference
voltage V.« crosses the hexagon
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boundary at two points in each sector.
There will be loss of fundamental
voltage in the pat whee the
reference vector exceeds the hexagon
boundary. In the circular part of the
trajectory T, , Tp & T, can be
calculated using equations (6) (7) (8).
But, when V¢ exceeds the hexagon
trajectory, the zero time T, vanishes,
giving only T, Ty, time intervals and
they can be calculated by [1,2]:

Ta:TS[\E cos(8) - sin-;an]

V3 cos(8)+ sin(@)

.....(10)
Tb = Ts - Ta

The angle of the circuler part of
trajectory called the crossover angle
“a.” asshowninfigure (5).

The crossover angle ( «. ) has
standard values depend on the value
of the modulation index “ m *, it’s
vary between 30° at the beginning of
mode-1 when “m = 0.907”, and 0° at
the and of mode-1 when “m = 0.952”.

3.3.3 Overmodulation region mode-

When the modulation index
increases further up to 0.952,
overmodulation mode-2 will be

reached, tending toward square-wave
mode operation as shown in figure
(6). this mode characterized by partly
holding the modified vector at the
hexagon corners for holding angle
“ap “ and partly by tracking the
hexagon sides in every sector [1,2].
During the holding angle, the
magnitude of V4 remains constant,
whereas during hexagon tracking, the
voltage changes approximately in
linear manner, as shown in figure (6).
Mode-2 ends when a,= 30° , the
linear segments vanish, giving
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squarewave  output at

modulation index m = 1.

voltage

4. System simulation:
4.1 SVPWM program:

In order to calculate the time
periods T, ,T, ,To and generate the
corresponding states vector [ S, S,
S. 1", a MATLAB progran was
written, the main features of this
program are:

—h
@

a . Receives the input data (V com
and &) then, calculate Tpeiog & Ts:

_ 1/50 _  0.02

Trared

Tperiod =
(sec.)

m m m

Tsector

s— .
no. of sub—sectors
Tperiod [ © 0.02

[ 36=m

(sec.)

Where, m is the modulation
index.
b . Limitsthevalue of 8. between 0°

to 60° in each sector, and indicate
sector number.
c Checks the value of the

modulation index.

m If m= 0.907 caculates T,, Ty, To
using equations (6), (7), (8).

miIf 0.907 < m = 0.952, estimates
the value of crossover angle from the
standard table, then calculates T, , Ty,
To according to the rules of
overmodulation mode-1 and
equations (10), (11).

miIf m > 0.952, estimates the value
holding angle, then calculates T, , Ty,
T, according to the rules of
overmodulation mode-2.

d . Generates the state vector [S;
S,S]"  according to the time
intervals of each sector by using
internal timer. Figure (7) shows the
flow chart of the program.
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Simply, after generating the state
vector [ Sa, S, S 1", the output
three-phase voltage can be obtained
by using equation (2). The final
SVPWM sub-system simulation can
be shown in figures (8).

4.2 Induction motor model:

The steady state equivalent
circuit of an induction motor is not
suitable in our modeling, because it
not deals with transient conditions in
speed adjusting performance [1,7].
Thus, the dynamic modd of the
induction motor is used, it’s look like
as threephase transformer with
moving secondary coil at speed equal
to the rotor speed, in which the
coupling coefficients between the
stator and the rotor changes
continuously with the change of the
rotor position “ &, “. The machine

model can be described by
differential  equations with time-
varying mutual inductance. Such a
model tends to be very complex [1,6],
because of two problems:

e Complex differential equations.
e Time-varying parameters.

To solve these problems two
procedures are essentially considered
here. First, in order to simplify the
model, the axis transformation
method is used to transfer the three-
phase stationary variables (as,bs,cs) to
two phase stationary frame (d*-g°) as
shown in figure (9).

The equation now is some what
simple, but the problem of time-
varying parameters still remains. The
second procedure is called Park’s
transformation [1], by which the two-
phase stationary variables (d*-°) are
transferred to synchronously rotating
reference frame (d°-g°) fixed on the
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rotor, which means the stator and
rotor variables will rotate in the same
speed and become constant to each
other, the time-varying problem will
vanished. The transformation
procedure can be doing by the
following equation [1]
["}e]_ cos Be —sin Be] |:I"';.;5]
Vil lsinge cosgel Vi
....(10)

Where, V;"& V{ are the synchronously

rotating voltages. The simulation of
the sub-system shown in figure (10).

4.2.1 Dynamic model of induction
motor:

The machine dynamic model in
state-space form is very important for
transient analysis, especially for
computer simulations studies. The
electrical variables in the model can
be chosen as flux, current, or mixture
of both, the synchronoudly rotating
frame state-space equations in (d*-of)
axisare[1]:

Stator g-axis current:

¢ _ Fgs Fgm
lgs= —— -
Xg Xg
(1)
Rotor g-axis current:
e _ For Fgm
lar = "
Xy Xy
..(12)
Stator d-axis current:
18 = Fas _Fam
ds Xg Xg
. (13)
Rotor d-axis current:
e = Far Fdm
dar X, Xy
....(14)

Stator g-axis induced EMF:
et = o [VGe - 2 Fye - 2 (Forr Fom)]

Tar
.....(15)
Stator d-axis induced EMF:

dFy,

= [vE.+ :—; Fys - :L—__ (Fye Fam)l

Rotor g-axis induced EMF:
dFg, g Wy R,
TE= el (2= D) R+ (B By
.(17)
Rotor d-axis induced EMF:

dFgr _

2 = (2 = S+ T P Fa)]
...... (18)
Where,
Fom="22 Fyt I F,
.(19)
Fpp= Mt F, + ML F
Xz #5
.(20)
.= 1 (i+i+i)
Xs Xy xm
....(20)
¥, dtator reactance, x,: rotor
reactance (refered to stator), R.: stator
resistance, R,:. rotor resistance
(referred  to stator), x,.. leakage
reactance, wy: is electrical base speed
(rated speed).
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By simulate these equations the
synchronous rotating frame dynamic
model is gotten as shown in figure
(12).

In order to calculate rotor speed
and torque of the motor, the following
equations are used [1]:

3,P,1 . y
T.= _,_( 3 )w_b(Fds lgs'Fqslgs)

(22)
T.=T + z \]ﬂ
P dt
(23)
dwp _ P
OI’, 4t _:_l(Tf-TL)
o (28)

Where, T. is the electromagnetic
torque, T is the load torque, Jis the
moment of inertia of the rotor and
load, w, is the rotor dectrical speed.
By simulate these equations the rotor
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parameters (T, w;) can be obtained
asshowninfigure (12).

422 3-phase stator
simulation:

In order to obtain the three
phase stator current, firstly it must
transfer the 2-axis synchronously
rotating current frame (i) to 2-axis
stationary current frame (i) using
inverse transformation equations [1]:
[e';H cosd, sin 9,] [z';’]

il l—=sing, cos@.llig
.....(25)
The simulation of this equation is
shown in figure (13).

The second step is to transfer the
2-axis stationary current frame ( i7 ;)
to
three-phase stationary current frame
( ia5e), USING inverse transformation
equation [1,5]:

.....(26)

) 1 0
I.a -1 =3 [!g]
i > || ..
Lb V3 |Ya

By simulate this equation the
stator three-phase current are obtained
asshowninfigure (14).

Finally, by collection of al the
previous sub-systems the overal
system of SVPWM drive can be
obtained as shown in figure (15).

current

= =

4.3 Simulation results:

The no-load test of the SVPWM
drive obtained by applied different
speed commands to the SVPWM
inverter, which is fed a practica
induction motor, has the following
name plate:

3-phase .M, 380 valt (line), 550 waitt,
4-poles, 50 Hz, 1400 r.p.m, power
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factor = 0.78. From these data the
following parameters are calculated:

250 watt

Trated:l-l-':'ﬂ-:x"éﬂ =315Nm
Ns=1500r.p.m
1500 — 140(

Sui Ioadz—a = 0.067

X&Rs are measured by using
resistance-inductance meter which
gives. Xs&=320,Rs17 1.

e Calculation of R, , X, & Xp, : From
the equation of motor torque and by
using the iteration method, the values

of R,& X, can befound:
3VZ Ry

Trated =

. Rr. er , %
Sfw@s .'\R.ﬁﬁ.'z +(Xs+Xr)?)

The iteration method gives: R, = 10 0
, X; =38 10 (referred to stator).

From the equation of the power factor
we can cal culate the value of Xp;:
Power factor angle

@

R:.+Ry/s

= tan™?

T -
Xe+ Xp
—q Xy + Xy
Rz + Rypls
From this equation it found that
Xm = 4805.

By sequence, the output voltage
of the SVPWM inverter and the
motor stator current (at no-load
condition) are analyzed by using
Fourier series, this analysis done by
using MATLAB program to obtain
the harmonics content of the output
voltage and the stator current. The
performance parameters (HF,THD)
are calculated. The harmonics
measurements and the performance
parameters of different steps are
shown in table (3). And the results

tan

steps can be shown in figures
(16),(17),(18).
5. System design and

implementation:
The standard design of SVPWM
driver is a fully digital system based
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on microprocessor DSP technology,
which used TMS320C24X
microcontroller. Because of the
difficulty of using TMS 320C24X
microcontroller in this design, the
operation of this processor can be
imitated by some way else. The
operation concept of the processor is
to calculate (To,TaTy) by using
software program at rea time,
therefore instead of that all (To, T4 Th)
periods can be calculated in off-time
by using equations (6), (7), (8) over
one periodic time for six sectors and
its sub-sectors. The calculation data
can be stored in any memory device
like EPROM. In sequence, these
stored data can be read and fed it to
the power bridge devices using
hardware circuit. This way will be the
main strategy of this design,
therefore, at first the time periods
(To, TaTy) Of each sector using sub-
sector steps equal to (10°) start from
(5°) (i.e. #=5°,15°25°,....,355°) are
calculated. Because of time periods
(To, TaTp) areidentical among the six
sectors, the data of one sector can be
used to store in the memory and then
use it for six sectors. For example the
time periods of sector-1 at 90% of
rated voltage are shown in table (4).
The sampling time (Ts) calculated as
following:

_ Trared period _ 1/50Hz

T period = m 0.9
=222 - 00222 .
0.9
Twneriod 0222
Tosaor = 222 = 22222 = 0.0037 sec
T, = Beezer = 00937 = ) 000617 sec.

5.1 Dead time inclusion:

The MOSFETs devices, which
are used as a power bridge, have turn-
off delay time called “fall time t¢”
approximately equal to (3psec), but in
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other side it have fast turn-on time
delay called “rise time t”
approximately equal to “lusec”, that

may causes serious danger of short-
circuit between two complementary
devices of one bridge arm during
switching mode. Thus, to avoid short-
circuit; the incoming turn-on device
should be delayed by a certain time
delay called “dead-time” typically
equal to a few micro seconds [1]. It’s
important to mention here that dead-
time causes distortion in the output
voltage and reduces its magnitude,
but it essential for safe operation.

5.2 Memory mapping:

To store all data in a suitable
memory device, the data must be
arranged in uniform manner. In this
design, six different voltage steps
(100%, 90%, 80%, 70%, 60%, and
50% of rated voltage) are chosen.
Therefore, we have six information
groups, by choosing (256 byte) from
the memory size for each group,
(6*256 = 1536 bytes) of memory size
have to be used. The practica
memory device ( NEC 2716 EPROM
), which has 2Kbyte memory size (
2048 byte), is suitable to be used in
this design. A (1.5 Kbyte) of the
memory size is used to insert the data
information by using EPROM
programmer Kit.

5.3 Clock generation and variation:

Firstly, a controllable clock
generator is used to control the speed
of memory data reading. For this
purpose choose (CD 4046) integrated
circuit “I.C.” which is a phase looked
loop operation has internal voltage
control oscillator “VCO”, this I.C.
responses to variable input D.C level
in range 0—5 volt and outputting
variable clock frequency depends on
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the time constant of (RC) circuit
connected to the 1.C. as shown in
figure (19). In this design a variable
output frequency in range of 50% to
140% rated frequency are assumed.
Then the desired clock range is
calculated as following:

For 50% rated:
Tperiod = _‘_ =0.04 sec
25Hz
® Touo = =2 =0.00667 sec
Took = " = 2 6*10°
256byte
B fygok=———==384KHz

For 140% rated:
Tperiod = ﬁ =0.0143 sec

® Touo= & = 0.00238 sec
Taoa= 5, = 9.3+10°
= fgok = ——— = 107.5KHz

9.3=10

Therefore, the clock range is 38.4
kHz —107.5 kHz, which can be
achieved by using (R = 33 k2), (C =
10 nf) and variable input D.C level
2.5-5 volt. By sequence, the clock
frequency fed to a binary counter
used as memory address generator,
for this purpose a (CD 4040)
integrated circuit was used, which
have (12 bit) binary counter, (8 bit) of
them were used to cover (256 byte) of
memory size, as shown in figure (19).

5.4 Output voltage variation:

The method which used to
storage different voltage information
blocks in the memory, by using
different quarters of kilobyte (256
byte) for each, simplified our goal of
output voltage variation. This can be
achieved by jumping through these
memory quarters by selection the
desired quarter number. Simply, it
can be implemented by using leve
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encoder circuit as (A/D) converter as
shown in figure (19), to convert the
command D.C leved to the
corresponding binary value, which
represents the memory quarter
number.

e |t’s important to mention, separate
commands of voltage & speed can be
used to obtain separate variation of
voltage & frequency.

5.5 Data distribution over sectors:

Since, the information data of
one sector is stored, thus the data over
Six sectors must be repeated. For this
purpose a (CD 4017) integrated
circuit is sufficient to activate sectors
one by one, and by using supporter
logic circuit consist of “12 AND-
gates” &6 OR-gates”, which enable
the specific sector and transfer data to
the next sector at the end time of
previous sector, by sequence, the
space vectors will be generated each
for its own period time. The circuit
diagram of data distribution can be
shown in figure (19).

5.6 Gating signals gener ation:

After generation of space
vectors, these signals can be now
transferred to the desired power
MOSFETs corresponding to each
space vector, which can be done by
using “6-OR gates have 4-inputs” as
shown in figure (19).

5.7 Isolation of gates signal:

To turn-on  the  power
MOSFETSs, a gate voltage signal must
be applied between the gate and
source terminals to push the
MOSFET into saturation region. The
logical signal generated by the
electronic circuit has peak value of (5
volt) with respect to its own ground,
therefore, to use this signal the gate
signal must be connected to the
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MOSFET gate terminal and the
ground of the logic circuit to the
MOSFET source terminal, this
connection leads to short circuit
between the source terminas of the
six power MOSFETSs.

Therefore, the MOSFET gating
circuit must be isolated from logic
circuit and from other MOSFETSs
gating circuits. The main types of
isolating gating circuits are:

e Pulse transformer isolation, or
e Optocouplersisolation.

In this design the optocouplers
isolation circuits are used, which
consist of an infrared transmitter
diode and silicon photo transistor
receiver. The gating signal transfers
from the logic circuit to the power
circuit by means of infrared light
provide an electrical isolation gap.
The gating signal which received
from the optocoupler is not enough to
turn-on the power devices, therefore,
it must amplified before be applied to
the power device. A simple eectronic
circuit is used to amplify gating signal
for each power MOSFET. Figure (20)
shows two gating circuits of two
complementary power MOSFETSs.

5.8 (dv/dt) and (di/dt) limitation:

During switching the power
devices which connected to an
inductive load, the drain current “Ip”
raises rapidly in turn-on mode by
ratio called (%/,4,), and the drain to

source voltage “Vps” raises in turn-
off mode by ratio called (9V/ ;).
The safety operation required to keep
the operating (Lﬁ/dr) and (m'fdr)
within allowable limits of the power

MOSFETSs. For this reason a snubber
circuit was used to limit the amount
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of (/4) and (%/4,). Snubber

circuit consist of (RC) circuit called
paralld snubber connect in parallel
with the MOSFETs, and a series
inductance (L) called series snubber.
The value of these components can be
calculated by the following equations

[2]

—Vastr _300-14 _ (a0
-] .

Ls -
L
Ip =t = 3
C:L_le—'u:]_Onf
Vg 300
L [0.3mH
R=2/- =2 |—— =3465
\NC 3 10nf

Where “Vy” isthe power D.C supply,
“t” is the raising time of the
MOSFET (1usec), “t7” isthefall time
of the MOSFET (3usec).A three

phase power diode bridge rectifier
with (LC) filter used as power D.C
source, which supply the power
MOSFETs bridge, the power circuit
can be shown in figure (21).

59 Experimental
results:

By applying single phase A.C
voltage to the input power bridge of
the designed SVPWM drive, a D.C
voltage source equals to (300 volt) is
gotten, and by using the same
practical induction motor, which was
used in the simulation tests, then
repeating the no-load test steps of
different voltages and speeds, we
obtained system peformance as
shown in table (5 and figures
(22),(23),(24).

The results obtained by using

“hp-harmonic analyzer” and “hp-
oscilloscope”™.
e Motor name plate. 3-Phase .M,
380 volt (star connection), squirre
cage, 50 Hz, 4-Poles, 550 watt, and
1400 r.p.m.

testing and
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6. Conclusions

According to the requirements of
sofe and reliable variable-speed
induction motor  operation, the
SVPWM technique gives an excellent
performance with low harmonic
factors (HF) and low of total
harmonic distortion (THD), with
respect to other types of A.C drives.

1- SVPWM drive treats the inverter
as a single unit with eight possible
switching states, each state can be
represented by a state vector in the
two-axis space, the eight state vectors
formed a hexagon shape with six
sectors. The modulation procedure is
accomplished by switching the state
vectors in each sector by appropriate
time intervals which are calculated in
a certain sampling time (T+).

2- The linear region in SVPWM is
larger than other types of PWM
technique, where the modulation
index approaches to (90.7%) and the
maximum output fundamental is
(0.577Vy). Whereas, in the SPWM
the maximum linear modulation index
is (78.54%) and the maximum output
fundamental is (0.5V ).

3- The harmonic analysis of
different output voltage and current,
in both simulation and experimental
results, gives excelent harmonic
reduction and harmonic parameters
with respect to square-wave inverter.
4- The total losses of low order
harmonics can be minimized by
increasing the switching frequency,
but in the other hand it may increase
the switching losses, therefore,
switching frequency must be selected
to get minimum total harmonic and
switching losses.

5 The SVPWM is a digita
modulating technique. Then from the
above conclusion and due to
simulation and experimental results,
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the SVPWM can be considered as the
best and the optimum of all PWM
technique.
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Table (4)time periods of 90%

ratd(v&f)
Table (2) the eight space vectors
90% of rated (V&)
Space vector V (o-phase
4 Sub-
V,(000) 0 To(useo) | Touseo) | Ty(use
. _ sectors 0
V1(100) 3 Vg e/
; 1 63 501 53
Vz(llO) - Vd E.jfrl:l"
3 2 27 432 158
2 120°
V5(010) 3 Vael 3 8 31 | 258
V,4(011) ; Vqei18% 4 8 258 351
V5(001) % V4 ei240° 5 27 158 432
Ve(100) TV, 6 63 53 501
V-(111) 0
Table (3) phase current har monics Table (5) phasaentgljr;iesnt har monics
analysis y
Veom fe R 5 . [ q THD Fund. S'h 7‘h
% % nlqwa;? MaSarmonlc MaSarmonlc % Von | e Mag. harmonic harmonic U
(G mA | %HF mA | %HF % | % | mArms | Mag. Mag. %
rms) e S mA %HF mA %HF
100 | 120 ) 500 ) 190 | 38 | 65 | 13 ) 40 100 | 120 | 480 | 170 | 354 | 95 | 20 | 406
BEERRY 600 | 200 | 333 ) 60 ( 10 | 348 100 | 100| 590 | 200 | 34 | 110 | 186 | 387
9 | 90 | 590 | 40 | 68 | 10 | 17 7 0 | 90| 587 | 50| 85| o o | ss
70 | 70 | 590 | 35 | 59 | 15 | 25 | 65 70 | 70 | 588 | 35 | 6 8 | 14| 61
50 | 50 | 560 | 16 | 29 5 | 09 3 50 | 50 | 546 | 16 | 3 0 0 3
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Fig(6) overmodulation region mode-2
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Fig (16-b) phase voltage harmonic
analysis of 50% rated ( V&f ).

i
Fig (15) overall system simulation
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i Fig (17-a) phase current harmonic
i analysis of 90% rated ( V&f ).
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Fig (16-a) phase current harmonic Fig (17-b) phase voltage harmonic
analysis of 50% rated ( V&f). analysis of 90% rated ( V&f).
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analysis of 100% rated ( V&f).
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