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ABSTRACT

With the increase of modernized equipments in our
day-to-day life, demand for energy also increases, therefore to
solve this energy crisis many new efforts have been made by
exploiting renewable sources for obtaining energy or by
improving the operating efficiency of devices requiring bulk
consumption of electric energy. The design of induction
motor using simplified method of Genetic algorithm is
carried out with the objective of maximizing efficiency.

1. INTRODUCTION

Induction motors[1] have many applications in the industries
because of their low cost maintenance and robustness.
Induction motors are used in very large numbers in a variety
of applications. Design may be defined as a creative physical
realization of theoretical concepts. Engineering design is
application of science, technology and invention to produce
machines to perform specified tasks with optimum economy
and efficiency. Engineering is the economical application of
scientific principles to practical design problems. If the items
of cost and durability are omitted from a problem, the results
obtained have no engineering value.

The problem of design and manufacture of electric machinery
is to build, as economically as possible, a machine which
fulfils a certain set of specifications and guarantees. Thus
design is subordinated to the question of economic
manufacture. In the past, the design of induction motor has
been attempted for achieving better performance
characteristics or reducing the cost. Any significant
improvement in the operating efficiency[3] of induction
motor helps into energy conservation.

1.1 Introduction to Genetic Algorithm

Genetic algorithm is one of the optimization methods inspired
by the natural genetics. Genetic algorithm is a directed
random search technique that is widely applied in
optimization problems. This is especially useful for complex
optimization problems where the number of parameters is
large and the analytical global solutions are difficult to obtain.
Due to GA’s capability of finding the global optimum in the
wide range of the functions, it has numerous applications in
the optimization problems. In this method the use of random
but intelligent search in a predefined area, the parameters of
the proposed function lead to their optimum values. This
method is a conventional procedure to solve nonlinear
equations. In the Genetic algorithm the search of the optimal
solution is basically performed proceeding from one group
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(population) of possible points in the search space to another,
according to procedures that resemble those of natural
selection and genetics and designed such as to steer the search
towards better solutions.

The flow chart for design of three phase induction motor [1]

which is shown in Figure 1:

] Performance specifications I

]Assume suitable values for variablesl
1]

¥

] Design calculations I
7

] Performance calculations I

}

lCompare calculated and desired performance’

Adjust values
Of variables

] Calculate total cost I
'

1 Print design values ‘

Figure 1: Flow chart for design of three phase induction
motor
In this dissertation work an attempt has been made to
optimize the design of induction motor using Genetic
Algorithm with the objective of maximizing the efficiency.

2. RESULTS AND DISCUSSIONS

2.1 The optimization problem:

The design optimization of induction motor can be expressed
mathematically as follows.

Find X(Xl, Xo X3 X4 X5 Xg, vererennnnnnnnn. Xl)

Such that F(X) is maximum
Where X(Xl, X2 X3, X4 X5 Xg,
independent variables.

F(X) is the abjective function.

The eight basic variables with their upper and lower bounds
are as follows:

................ X;) is the set of
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1. Air gap flux density 03 <
wh/m?

2. Ampere conductors
Alm

3. Stator core depth
m

4. Stator winding current density
A/mm?

5. Rotor winding current density
A/mm?

6. Air gap length
m

7. Stator slot depth to width ratio
X7< 4.5

8. Rotor slot depth to width ratio
2.0

x1<0.65

5000 < X< 45000
0.0175 < x3< 0.026
3 < x< 8

4 < x5 10

0.00035 < x¢< 0.00070

15 <

10 S XgS

The objective function to be maximized is F(X). The
following constraints are imposed on the design

optimization problem.

1. Maximum stator/rotor tooth flux density

2. per unit maximum torque
1.0

3. per unit starting torque

4. per unit starting current

6.5

Full load slip

Full load power factor

Full load efficiency

per unit no load current

0.5

o ~No O

<0.055
>0.8
>0.8

2.2 Optimization using Genetic Algorithm Toolbox:

To open the tool, enter

gatool

at the MATLAB prompt. This opens the Genetic

Algorithm Tool, as shown in the figure 2

Fitness function is Efficiency

Number of variables = 8 i.e. X; to Xg

Population = 100

Initial range = [0.3 50000.0175340.000351.51.0;
0.65 45000 0.02608100.000704.52.0]

Enter these values in Genetic Algorithm Toolbox and start the

genetic algorithm, then we will get optimum
variables of a induction motor.
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In this paper, to attain optimum results, squirrel cage
induction motor[1] with six different ratings has been
considered which are mentioned as below:

1. 1KW induction motor (efficiency-0.8, pf-0.825)

2. 2.2KW induction motor(efficiency-0.8, pf-0.825)

3. 5KW induction motor(efficiency-0.86, pf-0.86)

4. 6KW induction motor(efficiency-0.83, pf-0.84)

5. 8KW induction motor(efficiency-0.86, pf-0.87)

6. 10KW induction motor(efficiency-0.86, pf-0.87)

The optimum values of X1 to X8 are calculated by using
Genetic Algorithm and are shown in Table 1.

Table 1: Calculated optimum values of different ratings of
3-phase induction motor

. Three Phase Induction Motor Ratings
Optimum
values 1IKW | 22KW | 5KW | 6BKW | 8KW | 10KW
X1 0.585 0.585 0.481 0.584 0.452 0.439
X2 11487.2 11487.2 5509.7 19941.6 34343.9 23262.6
X3 0.023 0.023 0.019 0.022 0.028 0.0237
X4 3.298 3.298 6.544 6.317 7.28 4.0202
X5 6.537 6.537 7.123 8.492 4.057 8.2258
X6 0.001 0.001 0.0015 0.003 0.0045 0.007
X7 4.052 4.052 1.704 3.774 3.766 2.3343
X8 1.559 1.559 1411 1.957 1.377 1.277
Fitness
Function 0.8055 0.8331 0.8245 0.8345 0.8246 0.8245
value
3. APPENDIX

Table 2: Airgap flux density vs Efficiency

Air gap flux
density

03 034 (038 (042 (046 |05 (054|038 [0.62

1w machine
Efficiency

797 |0.803 |0.812 (0.817 |0.822 |0.826

Jkow machine
Efficiency

775 10795 |0.811 (0.823 [0.834 |0.842 |0.850 |0.856 |0.861

10w machine
Efficiency

0653 |0.675 [0.694 [0.710 (0.724 10.737
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Figure 2: Airgap flux density vs Efficiency

Airgap fluxdensity vs Efficiency
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Summary of Table 2 and Figure 2
With the increase in Airgap flux density Efficiency increases
for IKW, 5KW and 10KW Machine.

== 1kw machine
Efficiency

== 5kw machine
Efficiency

== 10kw machine
Efficiency

Table 3: Airgap flux density vs Stator turns per phase

Air gap flux
density

034

038

042

0.46

034 0.38 0.62

Low machine
Stater turns 77747
per phase

71523

66411

62125

584.69

553.08

52541 |50087 (47918

Skow machine
Stater turns  [4437
per phase

408.18

37018

35455

333.68

31564

20085 |2859 (27347

10kw machine
Stater turns 32725
per phase

301.05

27054

26149

246.11

23280

22116 |210.87 |201.70

Figure 3: Airgap flux density vs Stator turns per phase

Airgap density vs Stator turns per phase
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Table 4: Ampere conductors vs Machine Efficiency

Ampere 5000 |10000 [15000 (20000 25000 (30000 (35000 40000 [45000
Conductors
Uewmachioe o op0c logsi 075 |orats Jorses forast |og27 forwe foras
Efficiency
dvmachize 020 [ogzs  [ose [osizz [oseer [orem [orsos [o7es [o77se
Efficiency
Wiovmachine |, o056 |ogs26 |0675 |oeos |02 |o743 |omser [oarr |ogs7s
Efficiency
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Figure 4: Ampere Conductors vs Efficiency

Ampere conductors vs Efficiency
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Table 5: Ampere Conductors vs Stator turns per phase

Ampere
Condustors
llew
machine
Stator tums
per phase

3000 10000 15000 20000 23000 30000 33000 40000 43000

2652811 | 3342332 | 3826015 | 4211075 | 4336243 | 4820477 | 5074644 | 5305621 | 3518069

Skew
machine
Stator turms
per phase
10w
machine
Stator tums
per phase

2120225 | 2671316 | 303.7893 | 336.3647 | 3623334 | 3833334 | 4033844 | 424045 | 4410246

3272506 | 3010523 | 279.5367 | 261494 | 2461063 | 2327991 | 221136 | 210.8673 | 201.6973

Figure 5: Ampere conductors vs Stator turns per phase

Ampere conductors vs Stator turns per phase
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Table 6: Airgap flux density vs Stator conductors per slot

Air gap flux
densityin |03 034 [038 042 |046 |05 034|038 o2

whim”

1kow motor
Stator 19436 |178.8 [166.02 |155.31 |146.17 |138.27 (13135 |12524 |119.79

conductors
per slot

Skow motor
Stator
6562 |60.37 |56.05 |5244 |49.35 |4668 (4435 |4228 (4044
conductors
per slot
10kw motor
Stator

5454|5018 |46.59 (4358 (4102 |38.80 |36.86 3514 |33.62
conductors

per slot
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Figure 6: Airgap Flux density vs Stator conductors per Figure 8: Airgap flux density vs end ring current
slot
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Table 9: Airgap flux density vs Copper loss in End rings
Table 7: Airgap flux density vs Flux density in stator teeth

Am gap fhox
(03 0.34 038 042 046 0.5 0.54 058 062
Air gap flux density in wh/m”
. |03 034 038 042 046 05 0.54 0.58 0.62
density in wh/m" Ikw motor
1kow motor fhux copperlossin  |5.64 423 |327 259 |21 172 144 121 1.03
densityinstator  |0.60 (065 070 |075 |0.80 |084 |089 [003 [007 end rings watts
tecth whim’ Skw motor
3 o amotor copperlossin  |56.64 (4332|3414 [27.57 (227 [1901 [16.14 [1386 [12.03
density in stator  |1.18 1.29 1.39 1.48 1.57 166 175 1.84 192 .
N end rings watts
teeth wbh/m” 1 Okew mot
10kw motor flux W motor
density in stator |04 210 227 24 257 27 236 300 314 copperlossm  (200.82 [154.11 [121.87 |98.72 8154 (6846 3828 |5020 |43.60
teeth ‘.vb-mz end rings watts
Figure 7: Airgap flux density vs Motor flux density in Figure 9: Airgap flux density vs Copper loss in end rings
stator teeth
Airgap fluxdensity vs Copper loss in endrings
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2300 B0
= T
£ 300 : E \ e
H =1 kw motor flux E 150 ;lkw_motn:r _coppe;trj
E 250 e density in stator teeth o \ O ERE
E 2.00 : wh/m2 2 100 e == Skw motor copper
= S E. , loss in end rings watts
= 150 === 5 kw motor flux 3 .
H density in stator teeth 8 50 = === 10kw motor copper
-: 1.00 M whfm2 loss in end rings watts
F
l‘._'é 050 10kw motor flux L
= density in stator teeth L n2 04 s 08
g o.00 T T T 1 wh/m2 Airgap flux density
v] 0.2 0.4 06 0.8

Airgap flux density

Table 10: Airgap flux density vs Slot leakage reactance
Table 8: Airgap flux density vs End ring current in Amps

Air gap flux
density in 03 0.34 038 042 046 0.5 0.54 038 0.62
Air gap fhux whim®
densityin |03 0.34 038 0.42 0.46 05 0.54 0.38 0.62 1kw motor
whim® Slotleakage |[33-44 |27.15 (2255 |19.09 (164 1427 1255 |11.14 (997
1kcw motor reactance in O
End ring
. 356.67 [328.12 |304.67 (285 268.23 (25373 |241.04 |220.82 (219.83 Skew motor
current in Slot leakage 6.26 5.08 422 357 3.07 267 235 208 1.86
Amps
Skow motor reactance in O
];::::Ei 560.13 [515.29 |478.46 |447.58 |421.24 |398.46 |378.53 |360.92 (345.23 éiﬁ:‘aj:;:; 512 116 345 292 251 2.19 192 171 1353
Amps reactance in
10 kw end
ring current (931.035 |856.5  |795.288 |743.956 (700.178 |662.318 |629.194 (599922 |573.833
in Amps
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Figure 10: Airgap flux density vs Slot leakage reactance Figure 12: Ampere conductors A/m vs Slot area in sgmm
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Table 13: Ampere Conductors vs Rotor bar current

Table 11: Ampere Conductors vs Stator conductors per Ampere
Conductors (5000 [10000 |15000 (20000 (25000 [30000 (35000 |40000 |45000
slot Am
1kw machine
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Conductors |5000  [10000 [15000 [20000 [25000 |30000 [35000 [10000 |45000 current in A
Am Skow machine
Licw machine rotorbar  [23492 [205.98 (33881 [37291 [40171 (42688 44938 |469.81 |488.65
Stator 6632 |eass [oses  [w0s2r |13a4 |12081 [12686 13264 13708 current in A
conductors 10kw
slot ;
P machinerotor oy, 37 g1 a2 44702 |41816 (30336 [37228 [353.66 (33720 [32254
‘ bar current in
Skow machine A
Stator 3533 |us2 |08  [s609 o042 |sa21  [erss  |roer  |7as
conductors
per slot
10w i
machine Figure 13: Ampere conductors A/m vs Rotor bar current
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==
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Figure 15: 1IKW Induction motor results Figure : 6KW results
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4. CONCLUSION

The main aim of the present investigation was to optimize the
design of the three phase squirrel cage induction motor using
MATLAB. In this dissertation work we developed a program
for design of three phase induction motor. By using this
program we can get the design sheet of any rating of induction
motor[6]. This has been successfully achieved for a typical
3-ph, (1kw, 2.2kw, 5kw, 6kw, 8kw, 10kw) 400v, 3-phase, 50
Hz, 1500 synchronous r.p.m. squirrel cage induction motor.
The machine is to be started by a star delta starter.

In this dissertation work, the optimum values of variables are
taken by using genetic algorithm[4] where the objective
function is efficiency. Further, for different rating of
machines (i.e. 1kw, 2.2kw, 5kw, 6kw, 8kw, 10kw) by varying
the airgap flux density the changes in efficiency has been
observed. Similarly, for different rating of machines (i.e. 1kw,
2.2kw, 5kw, 6kw, 8kw, 10kw) by varying the ampere
conductors the changes in efficiency has been observed.
Results of this investigation have clearly demonstrated that
the constraints can easily be incorporated in the design
optimization of the induction motor[1]. This will make the
design easily acceptable to the manufacturer. This will, in
fact, result in reduced cost of manufacturing the machine.
However, it is clear that this will, indeed, make the optimized
design more acceptable to the manufacturers.
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