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Abstract-- This paper presents a study of AC Adjustable Speed
Drive when used to operate two induction motors. The impact of
running the two motors under various loading conditions and
operating output frequency to overall efficiency of the Adjustable
Speed Drives under room temperature will be discussed. Data
obtained from laboratory and their analysis will be presented.

Index Terms-- Adjustable Speed Drives, Power Quality.

I. INTRODUCTION

Power electronics is the new and optimized method to
process and control energy flow by controlling supplied
voltage and currents. An upgrade to a power electronics circuit
raises performance by reducing power loss, thus increasing
energy efficiency within a power conversion process. Studies
show that by the year of 2000, at least 50% of all electrical
loads were supplied through Power Electronics systems [1].
The expectation should be much higher in the years to come.
The main reason of the shift toward power electronics is due to
the more efficient and cost effective features of power
electronics as compared to the previous power processing
technology. In addition, power electronics can be implemented
anywhere power conversion occurs. This conversion can be in
the form of DC-to-AC, AC-to-DC, DC-to-DC, and AC-to-AC.
Frequencies, voltage levels, and current levels may also be
converted and processed with power electronics. Power
electronic devices are practically used in almost every
electrical system from small-scale power distribution system
found in portable devices to high power conversion system
used in high-voltage DC power transmission.

The DC-to-AC conversion process with power electronics
is commonly known as the switched-mode inversion; hence the
power converter is called switched-mode inverter. One major
application of switched-mode inverter is Adjustable Speed
Drives (ASD). Their job is to convert ac input with a fixed rms
and frequency (ac line input) to ac output with variable rms
and frequency. ASDs are normally used to control the speed of
ac induction motor and they are also called Variable
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Frequency Drives (VFDs). Traditionally, motors were
operated uncontrolled, running at constant speed and at part or
variable load. This means the motors either run at constant
speed bypassing the excess capacity, or use some form of
capacity regulation (dampers, valves) which is very inefficient.
ASD controls the motor speed to match the flow or load
requirement; hence the motoring system is easier to automate,
more energy efficient and requires lower maintenance. In
water pumping system, for example, the use of ASD will result
in a reduction of up to 50% flow results which translates to an
88% reduction of energy input; hence reducing energy cost
[2].

Manufacturers want faster, more efficient machines that are
more productive. The electrical utilities encourage this because
it reduces the aggregate rate of growth electrical load and
helps defer large investment for substations and generation.
This results in systems which depend on precise control of
motors through adjustable speed drives (ASD) and complex
control systems. This trend towards greater control of energy
intensive process is supported by the rate of growth in the AC
and DC drives market as shown in Fig. 1. In 1988 DC drives
held close to 60% of the market. Between 1988 and 1995 there
has been a 50% increase in the number of drives with most of
the growth in AC drives. Equivalent growth can be found in
the use of programmable logic controllers.

AC Drives |
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Fig. 1. Market growth of AC and DC Drives [3].

Due to their economic benefits, ASDs become increasingly
popular for motor control applications. In 1997 ASD was a US
$20 billion industry in the world and the increasing trend
continues since [4].

ASDs using power electronics technology, however,
possesses several drawbacks. In particular, ASDs cause Power
Quality issues both at their input and output. At the output
side, the pulsating output voltage may cause significant
harmonics and may introduce additional stresses to the motors
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connected to them. At the input, it has been known that ASDs
are significant harmonic sources and thus mitigating these
harmonics has become crucial in power systems.

The power quality impact of a single ASD connected to a
single motor has been well understood and its qualitative and
quantitative study has been presented in many papers such as
[5] and [6]. However, one important use of ASDs is in the
HVAC (Heating Ventilating and Air Conditioning)
applications such as those found in buildings. In this
application, there are typically more than one motor connected
to an individual ASD. The harmonic impact of having one
ASD connected to multiple motors has not yet been studied.
This paper reports a harmonic study to characterize the impact
on harmonics and overall efficiency of one ASD connected to
two motors at varying loads. A laboratory setup was
established to perform the measurements. Data obtained from
this study would provide the preliminary understanding on
how multi-motor connection in ASD impacts the Power
Quality.

II. LABORATORY SETUP AND RESULTS

Fig. 2 shows the block diagram of laboratory setup to
perform the harmonic and efficiency measurements. All
measurements were performed under room temperature.
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Fig. 2. Block diagram of lab setup.

The adjustable speed drive was chosen to be a 1-HP
Siemens’ SIMOVERT P 6SE21, and each motor is a 1-HP
Baldor’s inverter-rated induction motor. The Siemens drives
used in this setup incorporate the V/F type control. Moreover,
each drive was operated under one single switching frequency
of 5 kHz to obtain measured data. As for the motor, each was
connected to a dynamometer such that the load for each motor
can be varied. Efficiency was measured from the single phase
ac input to the drive (electrical power) to the mechanical
output power of the ac motor as measured by the dynamometer
readings. Since the ASD is rated at 1-HP while each motor is
rated at 1 HP, it was understood that the total horse-power of
both motors at any given time had to be less than 1 HP.

A single motor connection was also setup whose data were
later compared with the dual connection. To find the
mechanical output power in Watts, the following equation is
used
P, (1.184%107 ) (n)(T) )

o1
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where n is the motor speed in rpm and T is the load torque in
Ib-in as read from the dynamometer displays.

Figs. 3 to 4 show the results of efficiency measurements.
Comparisons between efficiencies obtained from single and
dual connections are shown in Fig. 3 for 50 Hz ASD’s output
and in Fig. 4 for 60 Hz ASD’s output. It is evident from both
figures that the efficiency of single connection outperforms
those of the dual connections at the three different motor 2
(M2) loadings. Within the dual connection themselves, we can
observe that in general the lowest loading yields the lower
efficiency. This is consistent with the data typically provided
by ASD’s manufacturers.
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Fig. 3. Efficiency at 50-Hz output: single vs. dual connections when motor 1
load is varied while motor load 2 (M2) was kept constant at a certain value.
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Fig. 4. Efficiency at 60-Hz output: single vs. dual connections when motor 1
load is varied while motor load 2 (M2) was kept constant at a certain value.

Figs. 5 to 7 show the results where the frequency output of
the ASD was kept at a constant value. For each frequency,
motor 1 load was varied while motor load 2 (M2) was kept at a
constant value. The measurements were repeated for 4
different constant loading values of motor 2 (M2). In all three
frequencies, one common pattern that is found from all curves
is that above approximately 70% motor 1 loading, the higher
loading of motor M2 gives higher efficiency. Interestingly, at
about below 70% motor 1 loading, the highest loading drops
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drastically in all three cases. At some loading value, the
efficiency at the highest motor 1 loading will actually be less
than the rest of the motor 1 loading.
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Fig. 5. Overall efficiency at 50-Hz output for dual connections when motor 1
load is varied while motor load 2 (M2) was kept constant at a certain value
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Fig. 6. Overall efficiency at 60-Hz output for dual connections when motor 1
load is varied while motor load 2 (M2) was kept constant at a certain value.
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Fig. 7. Overall efficiency at 70-Hz output for dual connections when motor 1
load is varied while motor load 2 (M2) was kept constant at a certain value.

Fig. 8 depicts another interesting result of this study. The four
curves were obtained when motor 2 was loaded at 14.8 1b-in
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while motor 1 load was varied from 60% to 100%. The
measurements were repeated for four frequencies of ASD’s
output. All four curves interestingly intersect each other at
about 70% motor 1 loading. Beyond the 70% loading, the
efficiency is higher at the faster frequency (70 Hz) and lower
the smaller the frequency. However, below 70% the situation
is reversed; that is the higher the frequency of the ASD’s
output the less the efficiency.
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Fig. 8. Overall efficiency at 4 different frequencies for dual connections
when motor 1 load is varied while motor load 2 (M2) was kept at 14.8 Ib-in.

III. CONCLUSIONS

Analysis of the single motor configuration shows that
efficiency increases as the motor approaches full load. The
efficiency is also higher when the motor is operating at the
rated frequency of 60 Hz. Efficiency decreases as the
frequency is moved away from the rated value.

Analysis of the dual motor configuration shows more
complicated relationships and results. The efficiency increases
as the motor approaches full load similar to the single motor
configuration. One point worth mentioning is that with respect
to loading the two motors at a given frequency, the results
suggest that the higher loading of one of the motors does not
guarantee the most efficient operation of the drive-motor
system. It was found that below at around 70% loading of
motor 1, overall efficiency suffers when motor 2 is heavily
loaded. 70% motor 1 loading turned out to be the point of
interest as well when it comes to characterizing efficiency with
respect to the output frequency of the ASD. A higher
frequency seemed to be more beneficial for energy savings but
only when motor 1 is loaded at 70%. Below the 70% loading
point, the efficiency at higher frequency becomes lower.

Further study of the dual connection of ASD involves
measurements of the total harmonic distortion (THD) of the
input current to the ASD. The effect that is of interest here
would be whether or not the use of two motors under one ASD
impacts the level of harmonics produced by the drives.
Information obtained from such study will be useful in further
determining the size of line reactor needed for one-drive dual-
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motor applications. Finally, another interest would be to
investigate the efficiency performance of the same dual
connection setup but under different temperature settings.
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