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Inverter-fed Induction Motor and V/f Control
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Inverter- fed induction
motor - for variable speed
operation.

Simple control - Constant
V/f control of induction
motors.

Used for loads such as
fans, pumps, compressors
etc. These loads operate
at light-loads at low
speeds.

Also during initial testing
of inverters and induction
motors, motor drive is
typically run under no-
load conditions using V/f
control.



Dead-time Induced Sub-harmonic Oscillations in a
100-kW Inverter-fed Induction Motor.

Sustained sub-harmonic oscillations in current at f1 = 10Hz Dead-time effect
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*  Oscillatory behaviour of the drive at low and medium speeds, particularly under no-load.
* Inverter dead-time results in /accentuates the oscillatory behaviour of the drive.
* Model drive including dead-time effect to predict where oscillations occur.
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Modeling of Induction Motor Drive Including the Effect

of Inverter Dead-time

 Dead-time effect alters the stator voltage equations of the motor drive.
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* Non-linearity in stator dynamic equations on account of dead-time effect.

* The effect of dead-time impacts the steady-state operating point of the drive system
as well.

* Small-signal model of the drive derived by linearising the non-linear system dynamic
equations about a steady-state operating point.
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Review of Small-signal Model of Inverter fed Induction

Motor Including Inverter Dead-time
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* Impact of inverter dead-time is observed in the stator R, submatrix.
* Details of the 5t order model in the poster.

e Stability analysis performed with the small-signal model.
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Locus of Eigen Values of the 100kW Motor Drive —

Without and With Dead-Time
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 Without dead-time: eigen values with only negative real parts — no oscillatory behaviour expected.
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 With dead-time: oscillations expected between 5 Hz and around 19 Hz — explains expt. observations

* Conditions: V,.=590V, f, =5 kHz, V/f =0.61 pu (reduced flux)



Region of Oscillatory Behaviour of a 11kW Induction Motor Drive
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Root loci with dead-time

* Eigenvalues plotted for t, = 3us, f,,, = 5kHz,

V,. = 600V, V/f = 0.89 pu.

* Region of oscillatory behaviour obtained

considering different V/f ratios or flux levels.
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Region of Oscillatory Behaviour:

« Measurements of oscillatory behaviour in
10 11kW induction motor, and in few other

motors of different power levels carried out
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Mitigation of Small-signal Instability : Emulation of a
Virtual Series Inductor

Inductance Emulation Concept Simple V/f control
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* Inverter is controlled such that the terminal voltage is the sum of the ideal sinusoidal voltage
(corresponding to the ideal modulating signal) and the voltage drop across the series inductor.
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Conclusions and Contributions

Oscillatory behaviour measured in induction motor drives of different power levels —
Collaboration with industry for some of these measurements.

a) Dynamic model of inverter-fed induction motor including effect of dead-time.
b) Steady-state solution of inverter-fed induction motor including dead-time.

a) Small-signal model of inverter-fed induction motor including dead-time.
b) Stability analysis to predict region of oscillatory behaviour — experimental
validation on 100kW and 11kW motors.

Active damping method based on inductance emulation to mitigate dead-time induced
oscillations.

Improved dynamic model of rectifier-inverter fed induction motor —
including impact of dead-time on inverter dc input current and dc link dynamics.

Under-compensation and over-compensation of dead-time effect -
Demonstration of two types of oscillatory behavior in the drive
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