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Energy Efficiency Optimization Of Three Phase
Induction Motor Drives For Industrial Applications

Omorogiuwa Eseosa, Ayor Christian

Abstract— Worldwide applications of electric motors for
industrial purposes show that, about 60 percent of electrical
power generated is consumed by electric motors. This has led to
increase in production cost and environmental pollution as more
energy demand implies more operating cost. This work aims to
appreciably reduce this huge amount of energy demand by
electric motors via the use of energy efficient optimization
options. This work is concerned with three phase induction
motor drive control technique. Although there are diverse
control strategies, however search control method using V/f
controller having torque versus frequency voltage matrix
injected into the drive input is adopted. This method relies on
the fact that, at specified values of speed and torque, (called
operating point), there exist unique value of stator voltage
needed to satisfactorily operate the motor at optimum efficiency
level. The proposed controller functions by manipulating the
stator voltage that will maximize motor efficiency at a
determined operating point. This is done by using a more energy
efficient controller drive system with reduced power loses.
Simulation results carried out show an improved efficiency and
reduced power losses, when compared to systems without this
type of controllers.

Index Terms—Electric Motors, control method, Drives,
Efficiency

I. INTRODUCTION

The relative ruggedness and reliability of induction motors
make them most useful in industries. They are generally
characterized by high efficiency at their rated speed and
torque though it decreases at varying loads. In order to
achieve and maintain high efficiency that will result to power
loss reduction and savings in energy, accurate selection of
motor flux level is pertinent [1]. To improve on this, rotor flux
should be reduced in such a way that it will balance both
copper and core losses. Electric motors consume huge
quantity of power, especially during starting. Sequel to this, a
method was developed in other to improve their efficiency,
thus leading to enormous savings in power and curtailment of
the rate of environmental pollution, [2]. At maximum
efficiency, copper loss is equal to core loss. Several control
systems for induction motors with reduced losses abound in
literatures [3]. Motor parameters such as input power, stator
voltage, stator current, speed, flux, power factor, torque, air
gap, and overall efficiency can be used to control motor
systems drives [4]. In comparison with other energy
optimization methods, (star mode operations, Fuzzy Logic
(FL) approach, Loss Model (LM) approach etc), Search
Control (SC) method enjoys some advantages such as not
sensitive to variations in control parameters compared to
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other methods [5, 6]. This work aims at using V/f controller to
optimize energy consumption, thus saving cost via searching
stator voltage values that maximizes efficiency. This will be
achieved by using constant V/f ratio-based controller to
optimize energy efficiency of three phase induction motor
drive for industrial applications. V/f search control efficiency
optimization controller has a major problem of slip increment
at light load conditions, hence a slip compensator is
incorporated in the V/f controller to achieve this task and still
maintain normal slip value of the motor during operation.
This method has an advantage over others because it is not
sensitive to motor parameter changes.

Procedure for Paper Submission

Il. LITERATURE REVIEW

Electric motors find its maximum industrial applications
where mechanical energy is to be obtained from electrical
energy. In most applications, they function as prime movers
and are basically used to drive loads. Depending on the
purpose and applications, electric motors can be used to drive
pumps, fans, engines, compressors, conveyors, elevators,
refrigeration system etc. No matter the application, the
common characteristics of motors, is that huge amount of
power requirement are required to run them. Consequently,
the sudden power dip, especially during motor starting up
affects other loads that are connected on the same line with the
motor. There is, therefore, the need to develop and adopt
energy savings/optimization in electric motor systems [7]. In
our day to day industrial applications, motor driven pumps are
known to have the highest consumption of electric power.
This represent about twenty five percent (25%) of the overall
power consumption in United States. In Europe, it is about
twenty percent (20%) electric power consumption,[8] . One of
the industrial applications of induction motors is in pump
systems. They are majorly used in industries (oil,
petrochemical, pulp and paper industries etc). [9]. Figure 2.0
compares energy efficient pump (connected to a drive system)
and conventional pump without any built-in drive system.
Investigation revealed that the conventional pump system
experienced drop in efficiency because of friction and factors.

[9].
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Fig 1.0: Comparison of conventional and Energy Efficient Pump System.
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In industrial applications, fans provide the required energy for
HVAC systems that are needed for necessary air exchange,
drying/cleaning purposes. Up to 9.5% of power consumed in
industries are motor driven fans, with paper and pulp industry
as high as 17.5 % [10]. Fans (centrifugal or axial fans), vary in
efficiency (55% to 85 %), implying that there is still enough
room for energy improvements, simply by choosing the most
appropriate fan [11]. In western world, such as United States
and Europe, about 10% of electrical energy is consumed by
compressed air systems. [12,15,36,39]. Depending on the
application, the range of compressed air systems could span
from few kilowatts up to several hundred Kilowatts.
Compressed air use power pneumatic tools, pneumatic
equipment, flushing, vacuuming, spraying etc. A typical
compressed air assembly or system consists of driver (motor),
compressor, filters, air receiver/tank, air distribution lines,
regulating valves, check valves, oil/water separators, dryers
and drain systems as shown in Figure 2.0. After production,
compressed air passes through the filtration and drying units,
in order to enhance its quality. All these processes contribute
to appreciable overall energy losses, hence inefficiencies.
According to [36], motor applications for compressed air
systems have relatively low efficiencies of about 10- 15%.
Hence, there is need for energy improvement.

Ao tiler Kby

rasmlise ywtee

N
A morver
foxcut . iz
Uy prces Dol Avarsn '
g aamitient demand 1 Compresnd .o
Fig 2.0: Typical compressed air system (source: Carbon Trust

2005)

Energy efficiency improvement audit conducted by the US
Department of Energy and other parties, showed a
tremendous improvement, with minimal payback time. These
motors were used for fans, pump and compressed air systems.
Others have varying degrees of payback time, depending on
the investment. In some cases, as high as 50%, [13]. Secondly,
survey carried out by the same Department on the installation
of 15 variable speed drives in a spinning and weaving plant in
US textile industry gave rise to about 59% drop in electric
power demand. Adoption and implementation of energy
efficient motors have some challenges that hamper or retard
its full stream. Firstly; high initial cost of purchase and
installation of the drive system. Secondly; ignorance on the
use and long run benefits of energy efficient technology.
Thirdly; some aged motors in some industries might not be
compactable to the modern drive technology. De Almeida in
1998 reveals that the process of procurement of new electric
motors follows a standard process. This is another
bottle-neck. Price premium placed on motors with high
efficiency is another barrier. According to [15] in 2002 stated
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that for variable speed drives, market share import is as high
as 90% due to the fact that China products lacks some special
features, needed by the buyer.

Table 1.0: Motor Testing Standards
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Institute of Electrical and Electronic Engineers (IEEE) 112
standard recognizes three main methods for determining
motor efficiency, namely (1) Method A, simple input-output
(2) IEEE 112 Standard Method B, input-output with loss
segregation (or separation) (3) IEEE 112 Standard Method F,
equivalent circuit (model) calculation. IEEE 112 Standard
Method B estimates the efficiency by the direct method.
Stepwise procedures on how the testing is to be carried out
while at full operating temperature is also detailed by this
method.

The IEC 34-2 Standard provides several procedures and
methods for measurement of efficiency in accordance with the
type and sizes of machine, with appropriate accuracy, etc.
These methods can be subdivided in two categories: (1)
“direct” method: the absorbed and provided power at the
motor shaft is directly measured; and (2) the “indirect”
method: the motor losses are measured by suitable tests and
the efficiency is measured by measuring the motor adsorbed
power. The CSA C390 Method 1 test standard is equivalent to
IEEE 112 Method B test standard and it is commonly used in
Canada. Summarily, IEEE 112, IEC 34-2 and JEC 37 are
more widely accepted standards.  Notwithstanding,
measurement of efficiency could differ in value worldwide,
because of various standards used. [18, 19, 20, 21]. However
not all users are able to understand and use them easily even if
these standards exist. The government is considered to play
the best role in managing standards since it can protect all
users including manufacturers, industries and public. As a
result, the efficiency tables endorsed by government agencies
are the most important and mostly referred. The policy has set
that motors having efficiencies equal to or higher than EPAct
is designated as Energy Efficient and considered as standard.
In further development, NEMA has issued an efficiency
reference table of higher values than efficiency table provided
by EPAct and thus, defining the minimum nominal efficiency
for NEMA Premium TM Efficiency Motor Program [21].

Table 2.0: Shows difference between two NEMA standards
of induction motors, standard efficiency and premium
efficiency.
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Obviously from Table 2.0, using standard motor will improve
energy consumption. On the other hand, use of premium
efficiency motors will give rise to better efficiency
improvement. More so, larger motors have higher efficiency
compared to small motors (< 10 kW). The speed of the motor
is given by,

Speed (rpm) = Frequency (hertz) x 120 / No. of Poles  [1]

Efficiency optimization technique concludes that induction
motors operate with rated value of flux for rated load torque.
If the load torque is less than rated torque, efficiency will be
improved, since less torque implies reduced flux, hence
reduction in core losses. Up to about 15% of energy saving
can be achieved. Various controller types used for motor
operation with minimal operating energy cost at partial load,
was investigated [36 ].

LM Controllers manipulates and computes total losses and
precisely select the level of flux that will minimize losses.
This is done by measuring the stator current and rotor speed
and using the result to compute the optimal flux level. Since
minimum loss implies improved energy efficiency, hence
energy efficiency is optimized. The major limitation of this
method is that, exact values of machine parameters are needed
for computation. [37,38]. But computations involving power
loss modeling of optimal operating conditions could be very
complex and tedious. In Search Controller for Minimum
Input Power, electrical input power of the machine drive is
measured regularly at defined intervals. The controller
therefore, searches for flux value that gives rise to minimum
power input for given values of speed and torque. This
method has limitation, in the sense that it is slow to reach the
optimum value. Also, there are ripples in steady state torque.
This type of control is independent of the variations in motor
parameters [32]. Optimal Control of Induction Motor through
Search Control (SC) functions by: (i) Carrying out direct
measurement of motor drive input power at regular interval.
(if) The controller carries out search on optimal flux level that
will search optimal flux value that yield minimum input power
or stator current for the given values of speed and torque. The
main advantages of search control efficiency optimization
method include: Savings in power is not limited to the motor
alone, but the entire system, reduction of the total energy
consumed, power measurements is much easier and accurate
to obtain, because current waveforms and applied voltage
have relatively smaller harmonic contents than that of the
corresponding motor waveforms and this type of control is
independent of motor parameters and it is not sensitive to
changes in motor parameters. FL controller works on an
aggregation of rules. These rules are based on conditions of
input variables and the corresponding desired outputs. This
controller converges flux smoother and faster under certain
operating conditions, to the values that will give minimum
power loss and can handle non-linearities that are very
difficult to model. Special interests are needed towards
continuous improvements in motor standards for efficiency
enhancement. This should be the major area of interest to both
researchers and industries. However, until today there is no
single and acceptable standard method of measuring motor’s
efficiency used throughout the industry [18]. For example, in
the area of electric motors, total cost of purchase was used as a
key factor in determining quality or standard, especially in

ISSN: 2394-3661, Volume-5, Issue-8, August 2018

motors that are less than 250 Horsepower. In other standards,
motor performance was used. In this case, minimum active
material was used to increase motor performance, [23].
Another standard focuses on optimum temperature controls,
[24]. The exploration and improvement of the study of those
standards found that efficiency is the first and most important
parameter, because, performance and cost are functions of
efficiency. These standards are used by the industries as
reference points, [25,26,27,28]. Among the common
standards are shown in Table 2.0. Also, increase in
temperature, (as low as 4°C rise) can result in great change in
stator and rotor resistance. This will consequently lead to poor
motor performance and its drive system [29,30,31]. When the
motor is at high speed, the stator resistances drop. However,
at low speeds, this drop becomes dominant compared to input
stator voltage. Consequently, this lead to the introduction of
errors, while estimating of stator flux [32]. As rotor
temperature increases, rotor resistance also increases. This
will lead to decrease in slope of torque-speed curve. Hence,
the operating point will shift, leading to a reduced efficiency
[33,34]. Therefore, improvement has to be made on rotor
flux-estimator in other to minimize the effect of the
stator-resistance, especially, while calculating rotor flux at
standstill [35]. Obviously, since thermal effect has
undesirable effect on drive systems, the improvement of
thermal design methodology of induction motor should be
considered.

I1l. RESEARCH METHODOLOGY

The research method includes the following:

» Design of induction motor drive system operating
without any controller

» Design of efficiency optimization controller with slip
compensation incorporated in it

» Design of efficiency optimized drive system with slip
compensation.

This is achieved with the aid of MATLAB Simulink.
Mathematical description of the design is analyzed. The drive
systems in this work consist of three-phase induction motor
incorporated with V/f controller. For effective analyses of the
system performance, all these components were modelled, as
described, mathematically.

A. Design of Induction Motor Drive System Operating
without any Controller

In this design, the first stage is to feed the motor input directly
by a normal voltage source. The second part of the drive
system is the induction motor design. The name plate data of
an existing motor from Sneider electric for external cooling
and ventilation system application in Shell Belema gas plant
was obtained and used for simulation of the drive system (See
Table 3.0). The motor was originally designed with flux
linkages and voltage equations describing the model of
squirrel cage induction motor with respect to d-q coordinates.
Modeling and design of drive system operating without
controller in MATLAB/SIMULINK environment is shown in
Figure 3.0
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Table 3.0: Induction Motor Data (Source: Sneider Electric
Motors)
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Figure 3.0: Modeling and Design of Drive System Operating
Without Controller in MATLAB/SIMULINK

The other part of the design shows detailed mathematical
computations of slip, synchronous speed, input and output
power as well as losses and efficiency. These are shown from
equations [2] to [7]

Synchronous speed Ng: The synchronous speed of the motor

is defined mathematically as:
_120%f _ 120%50

N; = - = 1500 rpm [2]
Where P is the number of poles and f is the frequency.
Slip, S: Slip is mathematically defined as:

_ Ng—Ny
§== [3]
Input power, P; = 1 XV X cos® [4]

where | is the input current supply, V is the voltage supply and
cos{ is the supply power factor.

Output power, B, = Te X w, [5]
Where Te is the Electromagnetic Torque in Newton-meter
and w, is the rotor angular speed radian per second.
Power loss, Piyss = B — By, [6]
Where P; the input is power to the motor and B, is the
mechanical output power of the motor.

Efficiency, i: This is ratio of motor mechanical output power
to the input power supplied.

n

Ps

[7]

B. Design of Efficiency Optimization Controller

The efficiency optimization controller is designed based on
Search Control (SC) method. This involves construction of
matrix as shown in Table 3.3. This matrix consists of optimal
values of stator voltages, frequencies and loads and its
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constructed using MATLAB/Simulink model of the drive
system parameters to maximize the motor efficiency. A 2D
lookup module in MATLAB was formed using the matrix of
Table 3.3 since its an important part of the proposed
efficiency optimization controller, as shown in Fig 3.2 and Fig
3.3 respectively. The controller is modelled such that after the
search is done on the voltage matrix in the lookup module, an
optimized stator voltage is selected and divided by the
nominal voltage of the system. Modulation index, m is the
final output of the controller. The value of m determines the
optimal voltage value that will maximize the efficiency under
specified operating conditions. V/f controllers normally
consist of IGBT inverter (DC-AC converters). The value of m
normally ranges from O to 1. The actual stator voltage Vs is
defined as:

V. = mV,

Where 1, is the nominal value of the stator voltage
Stator voltage frequency= sinusoidal input waveform
frequency:

f = fin [9]
Equations [8] and [9] constitute the steady state model of the
V/f controller similar to that of an inverter. Thus, variations in
m and sinusoidal frequency waveform will automatically lead
to changes in RMS values of the stator voltages and
frequencies respectively.

(8]

For 0<f<f,
Then m = Kf [10]
Else for f = f,,, Thenm=1
Where
_1
K /fn [11]

fnis nominal frequency. This V/f controller is modeled based
on equations [7] to [11]. The block diagram is represented as
shown in Figure 4.0.

lookup ‘ i 1y
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Fig 4.0: Block diagram of Efficiency optimization controller.

Table 4.0: Optimal Voltage, Depending on Frequency and
Load Torque Variations.
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C. Design of Drive System with V/f Controller plus Slip
Compensation

This section shows complete drive system operating with V/f
controller having slip compensator incorporated in it. The
controller output is fed into a controlled voltage source before
it is fed into the motor. Simulation results from previous
works done on this topic revealed that the main demerit of this
method was slip increase, mainly during low frequencies and
at light loads. To overcome this, a slip compensator is added
in accordance to some reference values S,«. To achieve this,
the motor torque must be increased, by increasing the
optimized system stator voltage. The slip error will be gained
and integrated in other to determine the compensation voltage
to be added to that of the existing system. At steady state,
operating point efficiency is determined using equation [6].
Although the total input power to the stator is modelled in
terms of equation 12]

F, :g(VSdISd +Vsquq) [12]
The compensation voltage V.., is determined by using
equation [13]

Veom = K; J.(Sref - S) dt [13]

WhereK;is the integrating factor. Equation 13 is achieved by
adding an integrator as a feedback loop into the optimization
controller. The complete diagram of the drive system with V/f
controller is shown in figure 5.0

Fig 5.0: Simulink diagram of the drive system with

Efficiency optimization controller plus slip compensation

IV. RESULT ANALYSIS AND DISCUSSION

Table 5.0 presents the result of the system operating without
voltage controller and slip compensator while table 4.2
presents result of the induction motor drive when it is
incorporated with V/f controller and slip compensator. The
results are measured in terms of Slip, Rotor Flux, Input
Power, Rotor Speed, Electro-magnetic Torque, Power Output
and Overall Efficiency.
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Table 5.0: Results of drive system without any controller.

Load sap MHeear Hoter | Klecrrs lapw Owpur | Power | Effichency

Lorgue Flus Speed | magnese Power (w) | Power | Loss | (rw)

Ny pm) | Torgee W w)

The result presented in Table 5.0, depict relationship between
efficiency and other motor parameter at different load torque
for an induction motor drive operating without any ideal
controller. The result shows that, at an increasing load
Torque of an induction motor up to its full load condition,
speed decreases. The result also shows that as load increases,
the motor draws more power to drive the load, hence the
mechanical output power loss due to loading increases. The
result also shows that load Torque is a direct proportionate
function of Rotor Slip. The table further explained that at an
increasing loading, the motor speed under normal operating
condition will experience sudden speed decrements. The
decrease in speed is as a result of reduced rotor current and
stator flux. More so, at increasing load, the motor is forced to
draw more power to rotate the system, hence resulting into
high mechanical output power loss. It also explains that at
high slip, efficiency will drop due to increase loading and
consequent reduced speed. Relationship between motor
efficiency and load Torque is established. And that motor
efficiency normally reduces at light loads and increases up to
full load but tends to reduce at values above rated maximum
Torque.

Table 6.0: Results of Drive System With v/f Controller +
Slip Compensator

Lad | Sip Roter  Roter | Electrs lopst | Ovtput | Power | Efficiency

Torque Flur  Speed | magaetic Pawer  (Power |Loss |(pw)
(Nw) {rpm) | Torqee (Nm) | (w) o (w)

§ 00077 | 002067 | 1488 | B4 197§ 1062 1530 | 09885
10 0005412 | 00FSST | 1492 | B2 1319 1294 B8 (09821
T 00186 |04 (1T | 154 (B0 [20F (&1 |09
0 o082 o0sTiE W4T |08 334 M 166 |09

5 200043 008354 | 1466 LY 351 3637 1720 | 0954

Table 6.0 shows various relationships between motor
efficiency and other motor characteristic properties. These
are measured in terms of Slip, Load Torque, Speed Input and
Output Power. From Table 4.2, efficiency decreases with
increase in Load Torque. Speed also decreases with loading.
Rotor Flux increases with loading hence slip does increase
likewise. Input and Output power increases but with very
slight proportionate difference (losses). The results obtained
agreed with normal operating characteristics of induction
motor.
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Comparison of both systems was also analyzed with respect to
power flow, losses and efficiency as shown in Tables 7 and 8.
Table 7.0 analyses the motor when its operating without any
energy efficient controller while Table 8.0 shows when the
system is operating with an energy efficient controller whose
output is a controlled stator voltage used to minimize flux
imbalance and improve power efficiency.

Table 7.0: Comparison of Both Drive Systems motor
without v/f controller plus slip compensator

[Load Torque [Pewer Lows | Edectro ["EMicteacy | ip [ Rotor Flex | Rotor Sgeed

(Nm) W mageethe () (Wh'm2) pm)
Torque (Nw)

5 5168 s 0o ™ nol 140}

Table 8.0: Comparison of Both Drive Systems motor with
v/f controller plus slip compensator

Load Power  Lows | Electre Eflicieacy | Sip Rotor Flux | Rotor Speed
Torque w naguetic (P ) (Whm2) 1pm)
(Nm) Torgme (Yw)

Considering the drive system efficiency without V/f controller
and slip compensator, the efficiency is about 0.90 p. u (90%)
at load Torque of 5 (Wm) while the optimized system with
v/f controller has 0.98p. u (98% ef ficiency) at same load
Torque. At 25 (Nm) load Torque, the non-optimized system
has efficiency of about 0.89 p.u (89% ef ficiency) while
that of the optimized system has about 95% efficiency. The
same trend is observed at different load Torque. The
efficiency of the optimized system becomes more improved
than at its normal operating behavior. The reason for such
increase (improvement) in efficiency is a confirmation of the
research procedure. The research procedure posits that the
search method for the proposed controller will choose a single
and optimal value of stator voltage to improve efficiency at
different load Torque and frequency. Evidently, Tables 7 and
8 indicates that the balance between rotor flux is achieved as
electro-magnetic torque is improved, hence maintaining
motor speed. This causes power balance between input and
output power thereby reducing power loss and improving
efficiency. As mentioned earlier, v/f controller causes
abrupt slip increment at light loads. The slip for
non-compensated system is 0.004 (0.04%) 5 (Nm) load, but
consequently maintained at 0.007 (0.7%) at same 5 (Nm)
load for the slip compensated system, hence the motor speed
is maintained even as the efficiency is optimized due to rotor
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flux balancing and electromagnetic torque influence on the
rotor. It can also be seen from the table that the slip at larger
loads is more reduced in the energy efficiency optimized
system than the ordinary drive system. This shows that slip
compensator will maintain slip value at certain threshold even
at the process of achieving power balance and efficiency
optimization using search technique-based V/f controller. It is
thus, believed that if such industrial applications requiring,
the use of energy efficient motors adopts this standard of
optimizing efficiency, more energy would be saved, because
of improved power efficiency and minimized power loss.

Fig 6.0 shows output power waveform drive system without
controller while Fig 7.0 shows Power output waveform of a
drive system with energy efficient controller. Furthermore
Fig.8.0 describes power loss waveform of drive system
without controller while Fig 9.0 shows power loss waveform
of a drive system with energy efficient controller. Efficiency
waveform of a drive system without a controller and with
energy efficient controller is shown both in Fig 10.0 and
11.0respectively. The input power of a drive system without
ggntroller is shown in Fig 12.0.

Fig 6.0: Output power waveform drive system without
controller.

Fig 7.0: Power output waveform of a drive system with
energy efficient controller

v ¥

Fig 8.0: Power loss waveform of drive syste without
controller.

Fig 9.0: Efficiency waveform of a drive system without a
controller.

Www.ijeas.org



International Journal of Engineering and Applied Sciences (IJEAS)

Fig 10.0: Efficiency waveform of drive system with energy
efficient controller

Fig 11.0: Input power of a drive system without controller
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Fig 12.0: Comparison of efficiency for both drive systems

V. CONCLUSION

In this research work, an efficient optimization controller,
based on search control method is developed. The controller’s
main task is to monitor input power to the motor and selects
optimal flux value that will give rise to minimum power input
or stator current at specified values of torque. The controller
manipulates value of stator voltage that will maximize motor
efficiency at specified operating points. The controller also
minimizes loses by ensuring that iron and copper losses are
balanced, hence minimizes power losses and improve
efficiency of the system. Since slip increment is a major
problem associated with the search method. A slip
compensator has been added to the controller, in other to
reduce the slip to an acceptable value. The work is only
limited to three phase electric drives having variable load and
frequency applications. In this paper, a search controller that
will optimize efficiency of motor drive is developed. It
searches stator voltage value to maximize motor efficiency.
The system is simulated, and analysis of results was presented
while considering incorporating slip compensator in other to
minimize the effect of slip mainly at light loads and low
frequencies. This is achieved by modeling and comparing
efficiency of drive system with and without V/f controller. An
efficient optimization controller based on search method has
been developed. The proposed controller functions by
manipulating the stator voltage that will maximize motor
efficiency at a determined operating point. To minimize slip
effect to an acceptable level, slip compensator was added to
the system. From the results, light loads and high frequencies
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favoured the optimized system. This is because at 50Hz
frequency, the motor uses 400V stator voltage to perform
efficiency optimization at load torque of 5SNm. The efficiency
cannot be improved if there is no power balance between
input and output. As it is shown in tables 4.1, 4.2 and 4.3
respectively, the input to output power is much balanced for
the optimized system than that of the normal drive system
hence power loss is more reduced in the optimized system
than that of the normal system. Concluding evidence is that
electromagnetic torque is much more developed, and the rotor
flux is much balanced in the optimized system, thus leading to
moderate operating speed within its normal operating
characteristics. Although slip increment is an abrupt
disadvantage of V/f controller, the slip compensator having a
slip reference of about 4% helped maintain motor slip
irrespective of changing electromagnetic torque that would
have caused change in slip.

VI. RECOMMENDATION

This paper showed clear evidence that induction motors used
in drive systems usually have low efficiency at light loads.
This efficiency can thus be improved with the use of a
controller that will help maintain power balance at changing
flux, hence reducing losses and improving efficiency. It is
therefore recommended that induction motors drive systems
should be properly modelled with V/f controller based on
search method in order to achieve a more energy efficient
drive system and low power and energy losses. Special
interests are needed towards continuous improvements in
motor standards for efficiency enhancement. This should be
the major area of interest to both researchers and industries.
However, until today there is no single and acceptable
standard method of measuring motor’s efficiency used
throughout the industry
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