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INTRODUCTION
Because of the proliferation of Adjustable Speed Drives (ASD) systems, certain side
effects occur. The effect we will study in this paper is that of reduction of voltage levels
to other loads. More specifically, when an ASD is on, the voltage sinusoidal wave at the
bus becomes distorted, i.e. harmonics are introduced to the system. This effect produces a
less efficient operation of our induction motor, and could affect sensors and other
equipment connected to the same bus. This paper attempts to prove such effect using
“Harmflow” [1].
ANALYSIS
A one-line diagram is shown in figure 1 indicating the system under study.
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Figure 1. One- line diagram for the system under study.

According to Jain [3] and Osorno [4], each harmonic present in our voltage signal can be
treated independently with its respective model. See figure 2. If the voltage input to our
induction motor is reduced other parameters in our machine will be affected.
The slip can be obtained using the following equation:
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Where:h=harmonic
Ns=Synchronous speed
N=Rotor speed
S=Slip
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Figure 2. Induction Machine Model for Harmonic Analysis
And the rotor copper losses are:
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And the torque developed becomes:
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As it can be seen the copper losses increase due to harmonics present in our voltage
waveform and consequently the torque developed is reduced. The harmonic voltage
reduction, also, causes a larger stator current and therefore larger stator copper losses.
SIMULATION
Using Harmflow we simulated the circuit shown in figure 1. The voltage input to the
480
induction motor at the bus with no harmonic distortion is 277-V, (
)
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Figure 4 shows the voltage input to the induction motor with harmonics caused by the
ASD connected to the 480-V bus. Figure 5 shows the voltage waveforms with distortion.
Notice that the RMS voltage is 261 V. The voltage change is 5.8 %. The scope of this
paper is just the voltage change, but also we can observe the Total Harmonic Distortion
and Telephone Interference in our simulation.

Figure 4. Spectrum of Voltage Input to Induction Machine

Figure 5. Voltage Waveforms of Voltage Input to the Induction Machine.

CONCLUSIONS
Loads that generate harmonic distortion in the voltage signal definitely have an effect on
other loads connected to the same bus. In our paper there was a 5.8% voltage reduction
that increased copper losses and reduced the torque developed. It could very easily be
proved that stator currents increase with the effect of an increment in stator losses.
Finally the efficiency of our machines decreases. A solution to this problem is the
filtering of such harmonics at the DC-ASD load or at the utility level. Standards such as
IEEE-519 and reference [5] address the issue of how much harmonic level is allowed to
avoid malfunctioning of the loads and electromagnetic interference.
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