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Nowadays, the rotating motor is the most demoralized machine for the global
Motor industry. Comfort of practice, start-up, small, weightiness, Increased
efficiency, low maintenance and inexpensive for each power rating that
generally meets the necessary features for industries. Efficient improvements
are inspected with copper for the rotor bars slot. Usually, the copper loss in
the induction motor Rotor division contributes to the loss of energy. The
research work was planned a new rotor design, by improved rotor bars type
slot, size and design. These tasks were inspected using two approaches, in
particular, MotorSolve (IM) and calculations in theory. One set of simulation
has shown a significant increase in energy efficiency for a new rotor frame
design. Calculations in theory are used MATLAB. As a result, these new
designs have improved energy efficiency by 77% as compared to its 74%
existing design. The results proved to be using MATLAB. For energy, cost
savings and emission reduction (ER), new design rotor frame has been saved
154KWH/year, utility bill RM 60.20/Year and 0.113 CO2 tons/years
intended for individually motor. Finally, the estimated cost aimed at 100,000
pieces of new rotor bars pattern induction motor and indicates this price was
kept almost RM6 million.
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1. INTRODUCTION

Three Phase Induction Motor evaluation is influenced by some features equipped with various types
of rotor bars that reduce energy efficiency. The induction Motor is the installation with various types of rotor
bars can disturb current and voltage use due to reduce power loss and energy efficient factors. The rotating
motor identified by means of the "asynchronous motor", the greatest commonly used electric motor in the
manufacturing division. In general, the rotating machine is low-priced and easy to sustain as equated to other
electric machines. The rotating machine is completed of static part (stator) and rotating part (rotor). Winding
stator involves of a sequence of low resistance that are forever focused on motor frame. The rotating (rotor)
comprises into 2 types, namely wound and squirrel cage rotor. The rotating and stastic part is disconnected
thru air space (others name is air gaps) that consent rotor free rotate [1]. A cage rotor involves of a core
cylinder lamination that has a parallel slot on the outer diameter. Beside that, the copper or aluminium bars is
located in every bars slot. A squirrel-cage rotor consists of an exposed brass bar, a slightly longer than the
rotor that has been strapped into the slot. The different ends merge with two copper brass ring all shortcut
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bars consisting. Entire structure bar and final ring resemble the cage of the squirrel [2]. Induction motor loss
involves of loss of resistance in rotor cage, iron loss, friction & windage losses, and other losses. Copper and
aluminium aimed at each leg round at 20°C are 10.37Q and 16.06Q2 distinctly. By the side of this step, the
similar current needs, in converting copper with aluminium is a decrease in the loss of resistance. These
Impression led to deliver a copper bars in the non-aluminium rotor bars structure. Thus, increased machine
efficient due to the detail that copper power conductivity is approximately 60% higher compared to
aluminium [3]. Induction motor rotor method is another method for increasing rotating machine efficiency.
Towards developing the evaluation of the rotating machine rotor bars can be separated into some parts of the
rotor bars, the number of rotor bars and diameter bars. Aiming to distype the same rotor bars, if small iron
loss volume with reduced lamination thickness will lead to increase rotating machine efficient. According to
simulated results, it shows that the entire types of bar has more efficient with 1.2 % relative to external
rotation and internal bars that 77 % and 76 % respectively [4]. As a result, for the whole type bars is suitable
towards the efficient improvement of rotating machine. Then, the figure of flat-rounded rotor is affected by
the induction motor efficient. Early researchers have been stated that when increasing the number of rounded
bars can increase energy efficient and decrese power loss comparing to reduce the quantity of rounds bars in
the rotor part [5].

Moreover, the rotor bars slot dimension will increase the efficiency afterward referring to the earlier
researcher. After increasing the rotor bar slots dimension, it will decrease the losses of power in the rotating
machine due to the increase in the rotor bar conductivity. This means that when losing power reduce in
induction motor efficiency becomes more effective [6]. In a concept intended to design and analysis for
rotating machine and generators, the MotorSolve IM software consumes a limited component of the decision
to verify the pattern design and analysis are precise. It consumes a decoration that is based on users with a
simple holder of various editable rotor and stator parts. There is a number of aspects that can be a
justification into a motor description that is a loss of iron, inductances leakage, efficiency, deep bar effects,
sloping, final effect and effect of changing motor features due to the fed phase inverter [7]. Subsequently
assessing the rotating machine pattern via Motorsolves IM simulate process it will continue to verify the
pattern with method hypothetically math solves via MATLAB. The determination of responsibility this
technique is to verify the induction motor cage that has respectable evaluation in terms of efficiency and
proving the first simulated results process. Then, the method of mathematic in theory has in progress via the
MATLAB programming equivalence technique. Calculations such as impedance of stator, rotor & air gap,
efficiency and power loss have been specified. Determination of this mathematic is to verify the results
MATLAB. According to the mathematical calculations, which will benefit in design and verify the rotating
motor via MATLAB simulation [8]. This data is then investigated the breakdown of machinery energy
consumption, peak and off-peak procedure comportment, power factor and energy consumption of certain
trends. The energy inspection results were presented that the uppermost electrical energy-using machinery
was an electric motor, pumps and air compressors. This research study mentions that around 64 % electrical
energy was used in peak hours thru the industry and the average power factor reached from 0.88 to 0.92. This
research was assessed the energy and bill savings consuming high efficiency electric motor sideways with the
profit period [9]. Today, the electricity is an important to evolution and development. In contrast, in the
process of electricity generation by fuel, a number of toxic by-products affect the conservation of natural
ecosystems. Furthermore, the use of electrical equipment due to gas fueled anti-environment also effects on
human health and climate. This study focuses on the estimated energy consumption, energy saving, reduction
of greenhouse gas emissions for the use of home utilizations in Malaysia between 1999 and 2015. The
outcomes from this research study shows that a large amount of energy can be saved and that a large amount
of toxic emissions can be controlled [10].

Emissions in the use of the process of producing adverse effects on the environment that affect
human health, the growth of organisms and climate change. Energy savings as much as possible to cut the
generation of electricity from power plants. Consequently, the CO; reduction and additional productions
from the oils used by the energy partition can budget [11]. The cooling tower is single of the significant in
industrial services and housing facilities. These research paper evaluations the energy efficient, economic and
conservational profits of cooling tower. The energy-saving procedures with the use of high-efficient motor
and variable speed drive were used to save more energy. At 50 % load condition, using high-efficient motor,
reduction of emissions is about 6.97 ton of CO,, 38,400 kg of SO, 18,109 kg of NOx and 4,601 kg of CO.
the number of utility bills can be saved by using high-efficiency motor and apply VSDs. Can be concluded
that using the variable speed drive and high-efficient motor, the economic and emissions can be saved [12].
The process of three phase rotating machine is founded upon the application of Faraday’s Law and the
Lorentz Force on a rod. The one set of electromagnets in an AC induction motor is designed in the stator due
to the AC supply related to the stator windings. The alternating nature of voltage supply induces an
electromagnetic force (EMF) in the rotor as Lenz’s law principle, which is generating another set of
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electromagnets; its call as induction motor. Like most motors so an AC induction motor has a fixed outer
portion and called as the stator, and a rotor that rotate inside of motor with a carefully and between of them
have air gap. Virtually, the all electrical motors are using the magnetic field rotation to rotate the rotor [13].
Charles I. Hubert in his book “Electric Machines: Theory, Operation, Applications, Adjustment and control”
found that the three-phase squirrel cage rotating machine was created by Nikola Tesla in 1888 [14]. It
involves no electric contacts to the rotating part and the transmission energy from the stationary part to the
rotating part is by means of electromagnetic induction. A rotating magnetic field is produced by a stationary
winding, induced an alternating emf and current in the rotor part. The rotating flux or known as rotating field
is produced by three phase current in stator winding coils that will be linked to the rotating field that
produced by a magnet sweeping around the rotor. The rotating field that cuts the rotor bars in term counter
clockwise (CCW) sweep around the rotor bars. According to Lenz’s law that the voltage, current, and flux
are generated by the relative motion between a conductor (rotor bars material), and magnetic field and have
direction to oppose the relative motion. Hence, to verify the Lenz’s law so the conductors must develop a
mechanical force and have same direction as indicated by the rotating flux (CCW). It is because the
generated flux due to rotor bar current must be clockwise (CW). The direction of rotor bar current that
produces by CW flux is determined by the right-hand rule [14]. TEC Electric Motors in their Motor
Catalogue 2013 mention that the motors are categorized through roughness and efficienct. They are factory-
made via state of the apparatus to exacting standards in order to certify presentation and consistency. A broad
diversity is accessible to suit agricultural and industrial tenders such as compressors, power looms, sugar
cane crushers, rice mills, and Industrial apparatus [15]. VTU e-Learning Centre extended their analysis and
revealed that a proper numbers of rotor bars slots are designated in relation to the stator slots number or else
disagreeable effects will be found at the starting of the motor. The cogging and crawling are the two
spectacles that experimental due to unsuitable combination of number of rotor bars slots and stator slots.
Thus, this study aims to investigate the best implement and selection of number between stator slots and rotor
bars slots to get the best rotor induction motor in terms of high efficiency with minimum the losses [16].
Several studies have attempted to describe about National Electrical Manufacturers Association (NEMA)
design for classification and performance characteristics. Bezesky & Kreitzer found that the performace
characteristic for all design such as Design A shows have low slip and high efficiencies, Design B has high
efficiencies, low slip, variable torque, constant torque and horsepower applications, Design C to assist the
high starting torque requirements, higher losses and lower efficiency compared to design B and Design D are
used in high starting torque or high inertia loads [17]. Compared to Charles I. Hubert argue that the Design A
has higher breakdown torque with higher starting current, Design B serves as the basis for comparison of
motor performance with other design, Design C has higher locked rotor torque, lower breakdown torque with
higher starting torque, Design D has higher locked rotor torque and high slip and Design E was high
efficiency, lower locked rotor torque [18]. Presently, Ali Emadi extended their analysis about Design A has
high torque, low slip with high locked amperes, Design B has normal torque and slip with normal locked
amperes, Design C has high torque, normal slip with normal locked amperes and Design D has high locked
rotor torque with high slip [19].

The ecosphere aspects acute energy crises produced by the need for renewable energy sources. The
increase in demand and conservational issues controlled to an increase in renewable energy. Solar energy is
increasing and used by many countries but output power is not constant due to two radiation and temperature
factors. MPPT algorithm is used to increase overall efficiency. Perturb and detecting the most commonly
used MPPT techniques due to simplicity [20]. This paper provides an overview of the three phase 5level
packed U cell (PUC5) inverter fed Feeding Motor Induction from renewable energy sources for electric
vehicles and water pumps specified in agricultural sectors. Inverter PUC5 requires a minimum number of
semiconductor devices, the PV panel and only one capacitor in each phase. The results show good dynamic
performance in different conditions [21]. Induction motors are systems that operate at their speeds, but there
are applications that require speed operation. There is control of the speed method of induction motor
techniques. A powerful tool used to control the induction motor and the controller system performance will
be improved. Mathematical models of controllers, encoded in MATLAB. Modeling and control will be
shown by less than one state of resistance [22]. This paper proposes a Direct Torque Control (DTC) five-
phase motor drive with reduced torque. The method presented here is based on the DTC DTC backstepping
classical works by continuously switching frequency inverter. This method significantly increases the torque
of torque and flux and improve the dynamics of the drive by making it less sensitive to disturbance load
torque. The proposed method was developed and designed using Matlab / SIMULINK to demonstrate the
effectiveness and performance of DTC-Backstepping [23].

Many theories and studies have been proposed to explain the bars material for three phase squirrel
cage induction motor rotor. Kenneth G. Budinski & Michael K. Budinski argued that the copper materials are
widely used for bus bars, wiring terminals, and the conductor bar similarity. There is pure copper with even
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higher conductivity if the application warrants the extra cost. In summary, the copper and copper alloys are
indispensable engineering materials [24]. Similarly, the early theories of Cowie, Brender, & Peters focused
on aluminium has been the universal conductor material at the squirrel cage induction motor and mostly
because ease to manufacture by pressure die casting. Short lifetime of die casting with a higher melting
copper will cause high production cost and prevented the copper rotor from attaining a place in integral
horsepower motors. Because of its higher electrical conductivity compared to aluminium. The copper in the
rotor bars can be reduces energy losses [25]. Copper Development Association Inc. & International Copper
Association in their investigation was mentions that the substitute copper with aluminium in the “squirrel
cage” structure of induction motor rotor is a way to improve the electrical energy efficiency of induction
motor. The copper rotor appeared to be the best approach and much more cost effective than introducing
amorphous iron laminations or superconducting windings. The motor modelling by a number of
manufacturers had shown that induction motors rotor bars with copper-containing rotors would yield overall
loss reductions from 15% to 20% compared to the aluminium. It is because the copper has the highest
electrical conductivity compared to the aluminium which are 5.96 x 107siemens/meter and 3.77 X
107siemens/meter at 20°C [26]. Moreover, through the use of higher conductivity copper with better steel
shows that the efficiency of induction motor can be improved. To maintain satisfactory performance by way
starting torque, current and motor design techniques have been developed and also shaping of rotor bars to
present appropriate frequency dependent of impedance. Economical manufacture of cast copper motor rotors
is made possible by advances in casting technology [27]. This study and research aims are investigating the
NEMA design three-phase induction motor rotor for round bars type with high efficiency, lower losses, and
save energy. Induction Motor investigation and analysis by altering the type of bars, materials, designs and
sizes for the purpose of enhancing induction Motor efficiency. The technique used is the computational
theory resolved via a simulated MATLAB. Simulated software is castoff in this study namely MotorSolve
(IM) and MATLAB simulation. The resolution of simulation and computational theory is to compare the
results among two approaches in terms of increased rotating machine competencies have been presented.

2. MOTORSOLVE (IM) SOFTWARE SIMULATION: ROTOR PART CHARACTERISTIC’S

This section presents the works and methods that had been done in the research project.
Performance analysis on the 0.5 Hp 3-phase induction motor with different rotor bars design have been done
using which are MotorSolve IM software and MATLAB. The simulate and comparison are started using
finite element method (FEM) software which is MotorSolve IM and MATLAB. The parameters that are fixed
value which are general, stator and coil winding setting. The variable value is the rotor setting while the
responding variable is the result of induction motor. The variable parameters in rotor setting such as
thickness, bar material, core material, bar type, bar diameter and end rings. This simulation is done until the
good performance of induction motor in term of the efficiency, power factor, torque and losses obtained. In
addition, a calculation for the equivalent circuit is calculated and compared. All the analytical calculation of
stator, rotor & air gap impedance, efficiency, power factor, torque and losses were specified. The
determination of this analytical math is to validate the simulation result. Figure 1 demonstrations the
requiring of the rotor typical for 3-phase rotating motor via MotorSolve (IM) software. The bars type and
core dimension were changed based on design and analysis. The representative different in the rotating part
as designate in Figure 1.

Existing Motor

‘
The Proposed
New Design

Figure 1. Requiring the rotating part via motorsolve (IM)

Other than that, the bar bridge angle, bar spacing, bridge depth, bridge gap width, bifurcation
thickness, core thickness, inner diameter and outer diameter are also must be change accordingly as shown in
Table 1. Table 1 shows the value of parameters in specifying the rotor typical for 3-phase induction motor.
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Table 1. The value of parameters in specifying the rotor part typical for 3-phase induction motor

Parameters Values Parameters Values
Bridges depth 4.786mm Bridge gap width 0.5mm
Inner Diameter 16.7mm Outer diameter 66.0mm
Rotor Material M235 Rotor Thickness Model 1 0.35 mm
Bar Material Copper Rotor Thickness Model 2 0.50 mm

3. RESULTS AND DISCUSSION

This section presents the outcome of performance evaluation of 0.5 Hp, three-phase induction motor
with different rotor bars type. The performance result of three phase induction motor has been done by using
MotorSolve (IM) software and MATLAB which include simulation and theoretical calculation. The
induction motor with round rotor bar and parallel round stator was chosen for this design. According to
Daut 1. et al., the usage of this slot pattern for rotor bars due to it has a discrete ‘starting bar’ isolated from the
main body of the conductor bar by a ‘leakage slot’, is related to motors with high conductivity material in the
rotor cage [5]. In addition, this rotor bar design has a higher locked rotor torque and a high slip .

3.1. The assessment outcomes for two patterns thru motorsolve (IM)

The rotating bars type pattern is evaluated via evaluation graph in terms of efficiency development
for both rotor bars slot patterns via the MotorSolve (IM). The efficiency chart line versus speed for two rotor
bars slot patterns was shown in Figure 2.

The Proposed
New Design

—NEMA
Design

Rotor speed (RPM)

Figure 2. The graph line of efficiency versus speed for both rotor bars slot design

By reffering to Figure 2, it displays the chart line of efficiency versus speed for both rotor bars slot
pattern such as current and new design. According to Figure 2, the chart line displays the energy efficiency
for the proposed new pattern is increase to 77 % as likened to the current pattern of 74%. The proposed new
pattern has an efficiency increase of 4 % liken to the current pattern. It is due to the efficient of energy is
reverse proportionate to the losses. Decreasing the total loss, the efficient of energy will be rise.

3.2. The assessment verify outcome among motorsolve (IM) & MATLAB for the new pattern
Tern (1) displays the connection among core loss and efficiency of rotating machine. The efficiency
of the rotating machine can be founded via (1) as below:

Ef ficiency,n = "2 x (100%) = (w) x 100% )

HpX746

Where 1 is efficiency, Pour is output power, Py is input power, Pcore Loss iS core loss power and Hp
is horsepower (0.5 Hp). The efficiency value will be affected from the increase or any core loss based on (1).
New pattern proposals are analysed with a set simulate result and MATLAB that are prescribed in terms of
energy efficiency. Chart efficiency towards the speed of both simulations has been shown in Figure 3.
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Figure 3. Curve chart of efficiency versus speed for two software

Figure 3 shows the curve of efficiency (%) versus speed (rpm) for both both software. According to
Figure 3, when speed reaches at 1425 rpm shows the value of induction motor efficiency for MotorSolve
(IM) is 77 %. The result of energy efficiency was verified with MATLAB simulation is 73%. According to
the curve graph outcome is the proposed new pattern has increased the energy efficiency and will produce
range value from 76 % to 78 %. It is because, based on (1), the efficiency is inverse proportional to the losses
(core loss). When reducing the value of total loss, the efficiency value will increase.

4.  ANALYSIS

The flux distribution patterned zone for the rotor frame is on the rotor core. The rate of flux
distribution for the new pattern is accurate 0.97 T although the current pattern is accurate 1.22 T. Intended for
a good pattern design, core density flux value can exceed more than 1 T. It is due to the density of flux more
than 1 T, flux going through a ventilation hole that is axis of the core rotor. In the meantime, a reduction in
areas for the flux movement must be considered. It confirms the new pattern is a good pattern design
compared to the current pattern.

Figure 4. Distribution flux for two rotor bars pattern, (a). New Rotor Bars Pattern, (b). Existing Rotor Bars
Pattern

Figure 4 displays a distribution flux for two rotor bars pattern. By reffering to the Figure 4, the flux
distribution value nearby the shaft area is lower than flux density in the Bar's rotor area of 0.2 T from the
interior and 0.97 exterior for the new pattern. The value of the current flux pattern is 0.3 T of Interior and
1.22 T on the outside. Due to if the refusal and the lengths are increasing, the magnet flux value and a flux
distribution will be reduced. A magnetic circuit refusal is connected to the length, cross-catchment area and
substance permeability. Figure 5 expressions the rotor bars type pattern used in designing the three-phase
rotating machine. Based on Figure 5, its confirmations that the rotor core flux distribution maximum value is
consuming as (2) as below:

. . - &G
Rotor Core Material Flux Density, B,.,, = (Ca—2d,1)Ca @)

Where; €, = &, C, =D, — Dg, C; =1,.SF
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Brem Will not exceed 100 kilolines/in? (1 T). Unvolatile ventilation axes through the rotor core. The
reduction of areas for the flux movement will be measured. It confirms that increasing the dimension bar
depth (d1) of rotor bar type will rise the rotor core flux distribution of 3-phase rotating machine.

drl

! | /I [laal \\
QTQ,Q/g i/_ / | \‘ r \

(@) (b)

Figure 5. The rotor bars type for two patterns, (a). New Rotor Bars Type Pattern, (b). Existing Rotor Bars
Type Pattern

5. NEW ROTOR BARS PATTERN: ENERGY & COST SAVING AND EMISSION REDUCTION

The amount of money kept depending on the size of motor, annual hour, rise energy efficiency and
quota utilities cares. The new bars design has increased nearly 4 %. Its confirmations the type of new design
rotor bars have improved rise energy efficiency and reduced the copper loss. In Malaysia, the usefulness bill
from Tenaga Nasional Berhad (TNB), the normal factory tariff is 38.0 sen / kWh. The lowermost monthly
care is RM7.20 for the overall monthly consumption more than 200kWh / month. Annual energy savings
(AES) thru swapping a new rotor bars pattern was presented as (3) below.

— 2] =0.5x1x 0.746kW X |~ =19.1w (3

AES = hp x L x 0.746 x [ﬂ 100 [100 _ 100
Estp  Ecr 74 76.92

Where; AES is the annual energy savings, hp is horsepower, L is load factor, hr is the yearly
operating hours, Egq is the current rotor efficient (%) and Eee is the new pattern design rotor efficient (%).
The annual bill savings (KWhsaingsy Was achieved thru multiply with operating hours with stated
load as (4) as below.

W hqapings = AES X hr = 8064h x 0.0191 = 154 kWh (4)

Where; kW h gqpings IS the expected annual bill savings (RM), AES is the annual energy savings and
hr is 24 x 336 working days. Total cost savings (TCS) through (5) as below.

TCS = (AES X 12 x Monthly Demand Charge) + (kWhm,,mgs X Energy Charge) = RM 60.20 (5)

To provide low voltage industrial tariff is reffered to tariff D, a monthly demand charge is RM7.20
and energy charge is RM0.380 / kWh. The amount of emission that can be decrease associated with the
above energy saving can be predictable via the (6) as below:

ER = AES X EF = 154 kWh x 0.73159 kgCO2/kWH = 112.67 kgCO02 (6)

Where; ER is the Emission Reduction (kg), AES is Annual Energy Saving (kWh) and EF is the
Emission Factor (kg/kwh) ~ for Malaysia is 0.73159 kgCO2/kWh.

6. CONCLUSION

The study aims to prove the quantity of energy savings consuming with increasing energy efficient
motors. This new pattern is replaced as a sample in assessment. In addition, the possible benefits and
challenges in carrying new patterns for the industry tender were discussed. This work has confirmed that a
large number of energies can be kept if increase efficient motor is replaced for industrial motors. The new
rotor bars type design was considered in this research with 4 % increase the efficiency than the current
pattern, which would decrease the motor loss quantity. A set of simulated outcomes for new pattern proposals
have been proved with MATLAB. Its that indicates the math calculation of MATLAB proves that simulated
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results from MotorSolve (IM) have been modified because the error value is below 6%. Intended at saving
energy and costs, the new rotor bars type design has been saved 154 KWH/year and RM 60.20/year utility
bill per motor. Last but not least, an estimated price of 100,000 new rotor bars type designs was considered
and presented that the value was kept approximately RM6 million.
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