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Abstract — Decrease the iron loss, total loss and thicknesses of steel sheets will produce high
efficiency of the induction motor This paper studies, a rotor construetion with different thickness
was investigated thoroughly and analyzed in the case of efficiency, torque, all losses and
distribution field. All result sunulation was done by MotorSolve (IM) which allows the user to
produce more design of induction motor with a decision within a short time. According to
simulation result, the 0.35 mm showed that a best performance and efficient compared to 0.50 mm
thickness of rotor frame.

Introduction

In 1888, the induction motor was invented by Nikola Tesla. Induction motors can be used
effectively in all motor application, except where very high torque or very fine adjustable speed
control is required. Induction machines represent a class of rotating apparatus that includes
induction motors, induction generators, induction frequency converters, induction phase converters
and electromagnetic slip couplings [1].

There are two types of rotor construction which are squuirel-cage and wound rotor. A squirrel-cage
rotor consists of a set aluminium or copper bars was installed into the rotor bars slot which are all
the rotor bars was connected to the end ring. Wound-rotor made up of three sets winding covered
with the connection is carried out on three slip rings fitted to one end of the shaft. Wound-rotor are
more expensive than squirrel-cage rotor and they require much more maintenance [2].

In 1997, manufacturer of motor would no longer be able to provide a standard-efficiency of motors.
The solution for that problem, The Energy Act of 1992 was defines and produces a new efficiency
levels for several electrical component mcluding motors. They assumed that a motor worn out, the
replacement of motor will be the bid high-efficiency. Assemble the efficienct of motors can reduce
energy loss in induction motor [3].

Eddy cumrents are prevented by laminating. Skin would has emfs induced inside during
magnetization reversal and arising residual of energy 'eddy currents' by dissipate heat. If the metal
core are divided into thin slices residual eddy current path resistance and emf change due to the
overall power dissipation in the core were radical decrease. The thin sheet steel was effective eddy
current was prevented and decrease the core loss [4].

The performance comparison on 0.35 mm and 0.50 mm thicknesses of Non-oriented Electrical Steel
Sheets for Induction Motor was presented in this paper reseaarch.

Designing The Modeling By MotorSolve (IM) Software

Methodology employed for the completion of these inquiries was divisible into three main sections,

namely:
ly. Designing a rotor frame with different thicknesses of non-oriented electrical steel
sheets which are 0.35 mm and 0.50 mm
2. Simulation result on both thicknesses of steel sheet for rotor frame.
3. Analysis result on both thicknesses of steel sheet for rotor frame.
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Abstract. This paper describes the harmonic current effect under static and dynamic load on 3
phase 100kVA transformer model. The methodology that used to measure a harmonic current 1s
using power analyzer with different excitation. The experiment is conducted by changing input

voltage with different flux density. A waveform can be obtained by using the data collected. 3

order of harmonic gives a high impact to the complex waveform. At 0.6 Tesla, 50 Hz, the 3™ order
of harmonic current under static load and dynamic load is 0.00196A and 0.26746A respectively.
Therefore, both static and dynamic load were give an effect to harmonic cwrent effect on
transformer. This is because when the transformer connected to the load, more current and voltage
induced in order to energize the load. Moreover. the loads itself have their own harmonic effect

because of the functional mechanism.
Introduction

Distribution transformer is a transformer with a primary voltage of equal to or less than 35kV, a
secondary voltage equal to or less than 600V, a frequency of 55-65Hz, a capacity of 10kVA to
2500kVA for liquid-immersed units and 15kVA to 2500kVA for dry-type umits[1]. The
performance of transformer will give a high impact to the whole power system. They are a lot of
cases can be explored from transformer. In statie load, force, pressure, gravity and applied gradually
into an object [2]. Examples of static load are resistor, capacitor, LED and fluorescent lamp.
Dynamic load is the presence of an outside force effecting an object or structure. The forces applied
i dynamic load are usually unstable and constantly changing. Examples of dynamic load are
induction motor and electric fan [7]. Harmonic is a distortion that can effect on transformer. The
overall effect of harmonic is an increase in transformer heating [3].The value of the fundamental
frequency or first order harmonic is 50 Hz. The second order of harmonics has a frequency of 100
Hz. The third order of harmonic has a frequency of 150 Hz. The fourth harmonic has a frequency of
200 Hz [4]. The transformer core design also give an effect to power losses. Different cutting angle
such as 23° 45 ° and 60° at the T-joint was itroduced in order to find out the most efficient design.
The localised flux density was measured using the search coil. The fundamental, third and fifth
harmonic in the normal and in-plane flux density were measured at the corner joint and T-joint [5,
6].
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Fig. 4: A waveform for dynamic load at B=0.6T, 50Hz
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Fig. 5: Harmonic current under static load at 0.6T, 50 Hz

Fig. 5 and 6 shows the harmonic current for 2™, 3™, 4™ 5" 6™ and 7" order under static and
dynamic load at 0.6Tesla, 50 Hz. From Fig.5. the highest harmonic was at 3 order which is
0.00196A while the lowest was at 2 order which is 0.00002A. For Fig.6, the highest harmonic was
at 3¢ order which is 0.26746A and the lowest was at 4™ order which is 0.006724A. This is because
when doing no load test, the secondary side of transformer was set to be open circuit. So, there is no
current flow to the output terminal. Unfortunately, the small scale of harmonic current still exists in
condition of flux transfer mechanism on core lamiation. The flux only move around inside of the
transformer core itself. When connected to the load, the load current should not be zero. This is
because when load is connected, it needed more voltage in order for it to function. Hence, the
voltage at secondary of transformer should be higher compared to voltage at primary. Flux inside
the transformer core need to be transferred to the secondary output cable and to the load itself.
Furthermore, the loads itself already contained harmomic because of their own functional
mechanism.
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Harmonic current under dynamic
load at 0.6T, 50 Hz
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Figure 6: Harmonic current under dynamic load at 0.6T, 50 Hz

Summary

Static and dynamic load give an effect to harmonic current on 3 phase 100kVA transformer.
Harmonic current under dynamic load is higher than under static load for about 99.27%. However,
both loads still give an effect to harmonic current on transformer. This is because when the
transformer connected to the loads, more curent and voltage mduced m order to energize the load.
Flux inside the transformer core will be transferred to the secondary output cable and to the load

itself.
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Abstract. This paper describes the harmonic current effect at T- joint and corner joint on 3 phase
100kVA transformer model. The methodology that used to measure a harmonic current is using
search coil connected to oscilloscope. The experiment is conducted by changing input voltage with
different flux density. From the results obtained. the 3" order harmonic current shows the highest
for both T — joint and corner joint. The highest harmonic occurred at T — joint. For in plane. the
harmonic current is 0.237A at comer joint and 0.389A at T - joint. At normal condition. the
harmonic current were 0.250A and 0.769A at corner joint and T — joint respectively. This happened
because of more energy required for transferring the flux to the left and right of the core. The corner
joint of harmonic is less since the flux direction is 90° thus smaller amount of energy is required for
the movement.

Introduction

Distribution transformer is a transformer that takes voltage from a primary distribution circuit and
“step down”™ or reduces it to a secondary distribution circuit [1]. In the whole power system. the
performance of transformer will give a high effect. They are a lot of cases can be explored from
transformer. Even until now. many researchers have found new things regarding transformer. When
refer to [2]. the localized power loss of 100kVA 3phase distribution transformer has been
investigate. The transformer lamination used was mix 60° - 45° in different layers of T — joints. The
power loss at outer edge was higher than power loss at inner edge. The butt and lap joint was 18%
less efficient than mitred joint. This is due to the rotational flux and the greater volume of saturated
material used [3]. As refer to Fig. 1. fundamental frequency is 50Hz. when the frequency is added
by multiple of three, the order of harmonic will become third order. Same if frequency added by
multiple of five, the order of harmonic will become fifth order. It clearly stated that the sum of first
harmonic until fifth harmonic will become a complex waveform. Positive sequence of harmonic
will have similar phase rotation as fundamental voltage frequency, 50 Hz. The first, seventh.
thirteenth and nineteenth order of harmonic are the example of positive sequence harmonics [4].
Efficient design of transformer core can be found from different cutting angle such as 23°, 45 ° and
60° at the T-joint. To measured the localised flux density was using the search coil. The
fundamental, third and fifth harmonic at the corner joint and T-joint in the normal and in-plane flux
density form were measured [6. 7].












258 Engineering and Technology Research

Result & Discussion

After getting a data from the experiment, the value is transformed into a graph format using Matlab
software. Fig. 7 and Fig. 8 show a waveform obtained from the experiment data at T — joint and
corner joint respectively at 1.2 Tesla, 50 Hz. All of the harmonic waveforms are labelled for easy
observation. The 3 harmonic shows the highest compared to 5™ and 7% harmonic for both position.

A waveform at B= 12T
e A R T [

All). [Amp]

250 '

0 01 0z 03 04 05 06 or 08 09 1
L, [Sec]
Fig. 7: A waveformn for normal at corner joint at B=1.2T, 50Hz
Awaveform at B= 14T

40— _ ; T ————— " T —

Ait), [Amp]

s

‘ d .f" \ H -
H Yo’ # COMplex; H A
fundameftal har . .¢  waveform : i

R 1111 - A R

40 L |
0 01 0z 03 04 05 5 7 0.8 08 1
1. [Sec]

Fig. 8: A waveform for in-plane at T- joint at B=1.2T, 50Hz
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Fig.10: Harmonic current for normal at 1.2T. 50 Hz

Fig.9 shows the difference of harmonic current for in plane at 1.2T. 50Hz between T—joint and
corner joint of transformer core. From the bar graph. the highest harmonic current occuired at 3¢
order harmonic for both T — joint and corner joint while the lowest harmonic current occurred at 7%
order harmonic. When compare the 3™ order harmonic current, T —joint was higher than corner joint
which was 0.389A and 0.237A respectively. Fig.10 shows the difference of harmonic current for
normal at 1.2T, 50 Hz between T —joint and corner joint of transformer core. The graph is similar to
Fig.9 where the highest 3™ harmonic current occurred at T- joint. At corner joint and T- joint. the
harmonic current were 0.250A and 0.769A respectively. These show that harmonic current occurred
at T-joint was higher than at corner joint of the transformer core for normal and in-plane. This is
because at T- joint. the change of flux direction happened where more energy required in order
transferring the flux to the left and right direction of the core. The harmonic current less occurred at
corner joint because the flux direction is at 90° thus smaller amount of energy required for the
action.
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Summary

From the overall investigation. the highest harmonic current was the 3™ order harmonic for T — joint

and corner joint. The highest harmonic current appears at T- joint for both normal and in-plane.
This happened because of more energy required for transferring the flux on different direction. The
corner joint of harmonic is less since the flux needs a smaller amount of energy to transfer from one
lamination to other lamination.
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Abstract — Different rotor bars type. lower in iron loss. total loss and thicknesses of steel sheets
will increase the efficiency of the induction motor. In this paper. the 3-phase 0.5 Hp AC induction
motor have been thoroughly investigated and analyzed in term of efficiency. torque. iron loss. total
loss and loss field. The comparison is done by software simulation named MotorSolve (IM) that
enable user to produces more design of induction motor with result in a short time. Based on
simulation, it shows that the Round Bars (RO.B) have more efficient compared to Round Outer and
Inner Bars (ROIB) type.

Introduction

In a significant horsepower size, three-phase induction motor drive a variety of industrial more
equipment than any other way. Best of familiar three-phase induction motor are included in
following key kind of NEMA (National Electrical Manufacturers Association) design B: normal
torques. normal slip, normal locked amperes. NEMA design A: high torques. low slip. high locked
amperes, NEMA design C: high torque, normal slip, normal locked amperes., NEMA design D: high
locked-rotor torque, high slip and Wound-rotor: Characteristic depends on external resistances [1].

Industry sets out the several of speed and torque in demand for three-phase induction motor. 4 pole
motors are most commonly. was followed by 2 poles. then 6 pole motor. There are plenty of distinct
torque demands, from zero to full load speed. Of several loads need a very high starting torque.
Another load requires bit starting torque: however the torque demand higher speed increases. The
design letter helps in choosing the right/correct motor [2].

There are two kinds of rotor induction motor can be placed in the stator which are cage rotor and
wound rotor. A cage induction motor rotor consists of a series of conducting bars laid into slots
carved in the face of the rotor and shorted at either end by large shorting rings. This design is
referred to as a cage induction motor rotor because the conductors. Wound-rotor induction motors
are more expensive than cage induction motors and they require much more maintenance [3].

However, motor manufacturers will no longer be able to offer standard-efficiency motors in 1997.
The Energy Act of 1992 defines and proposes new efficiency levels for several electrical
component including motors. It is assumed that as motors wear out, replacement motors will be the
high-efficiency offerings. High-efficiency motors are built to reduce energy loss in motor [4].

The eddy currents are restrained by lamination. If the core metal is subdivided into thin sheets the
balance of eddy current path resistance and induced emf shifts so that the overall power wastage in
the core is radically reduced. The thinner the steel sheet the more effectively eddy currents are
restrained and the lower the core losses [5].

In this paper. the performance comparison on Round Bars (RO.B) and Round Outer and Inner Bars
(ROIB) with 0.35 mm thickness for Induction Motor is presented.
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