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Abstract — This study provides the analysis of the
behavior of current source inverters fed IM regarding
the effect of switching phenomena .
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1. INTRODUCTION

It is known that static converters are supplying the
induction motors with no sinusoidal voltages and
currents causing a qualitatively different behavior of
the considered electric machine . In this paper the
analysis will be done by the use of spiral vectors
theory given in [ 1 ]. Then the analytical expressions
for currents and internal torque are written to obtain
simulation of IMM .

2. THE MODEL OF CSI FED IM .

In fig. 1 it is represented the system of induction
motor fed by a current source inverter .
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Typical for this system is the ramp variation of
currents during the commutation period of the bipolar

transistors because of the inductor Lcc placed in the

direct current circuit of the inverter .The variables that
are used to define the mathematical model are :
primary and secondary currents , primary and
secondary magnetic fluxes and the electric torque.
The electric equations written for the energetically
equivalent machine with squirrel cage rotor are :

(1)

with the usual notation of the variables[ 2 ] . Note
that the structure of equation is the same as for space
vectors because both approaches are based on the
asymmetrical T equivalent electrical circuit [3] .

The difference is in the definition of spiral vectors
because they consider also the instantaneous phase of
the variable witch derivative represents the frequency
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In fig. 2 it is represented a symmetrical three-phase
ramp currents system . The time between two
commutations are decomposed in two sub periods . In
the first subperiod the primary current is variable in
ramp and in the next second subperiod is constant
and equal with the DC bus current of the inverter .
Fort € (0, 1) the primary current is ( see fig.2 ) :

irabr (3)
and for te( n/3-1t',1/3)
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During the second subperiod the current is constant
and we can write :

i (7 )=iy=ct (6)

The constants a‘ and b‘ are determined by :
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For currents in sub periods I and II a relation of
dependency is obtained :
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The hunting transients for primary flux can be written
as[4]:

(9)
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with ¢(0) the initial value at switching start (t=10)
N

and Ls is the primary transitory inductance of IM .

By substitution of 7 ;, and i ; we obtain :

VICE Lm[(l—eﬁ)@—b)+br}+¢g(0)eﬁ (10)

$,0=L.isi-e oT)+$ Ocwr (1)

with %@ given by ( 10) for 1=t . Finally the
st

analytic expression of primary flux for switching
period will have the following form :
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T 1+ e a)Tr 3 ) Now we can write torque pulsations per average torque
for a given speed as :

3. COMPARISON WITH SIX-STEP CSI .
M P
]* (16)

For analysis purpose it is compulsory to compare the ed ¢smax smax

torque pulsations caused by primary currents and

fluxes with those caused by considering square wave

variations of currents (i.e. six step operation of CSI) .

For six step operation of inverter the current and flux ~ with the average torque computed by :

are :
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= tmax € 3. SIMULATIONS RESULTS .

For first sub period will result the following : Simulations were carried out using VisualSim for a
250 W IM with the following shape of curves
presented in fig.3. By considering ramp grows of

. currents the pulsation of torque is diminished and the
g_.ﬁf ' effect of switching is a plus in comparison with
T square wave primary currents .
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and for the second subperiod :
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Fig.3  Torque pulsations .

By neglecting the ramp of currents t'=0 and relations
( 14) are becoming :
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4. CONCLUSIONS

The use of spiral vector to describe the behavior of
induction motors is not new , the same problem was
considered in [S] but for a static three-phase
contactor used to start a medium power IM . This
study provides the analytical solution in case of
considering

ramp grows of primary currents for six-step function
of no modulated three-phase inverters .
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