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Abstract Due to the wide utilization of a 3-phase, squirrel-cage,
self-excitation generator in renewable energy and isolated areas
application, the paper dealswith detailed design procedure of this
type of generator, in a sequence and systematic manner. The
design steps are obtained and executed in a Matlab file of the
computer program to suit the newly designed constructions and
parameters of the generator. In the new construction, the
generator can be operated in a stable and saturation region. Due
to the similarity in the construction of induction motor and
generator, the formulas used in the calculation of equivalent
circuit components of an induction motor may be utilized to
calculate the parameters of the induction generator. To obtain
optimized induction generator parameters and construction
dimensions an ant colony algorithm is used to optimize these
construction dimensions and generator parameters. The main
objective parameters used in this algorithm are the generator
efficiency, the excitation-capacitance, winding temperature rise,
and minimum generator sizeis for 5 HP, 400 V, 50 Hz, and star
connection generator.

Keywords. Squirrel-Cage Induction Generator,
Generator Parameters, Ant Colony Optimization.

Design Steps,

I INTRODUCTION

In recent years, the increasing demand for renewable

energy has caused great interest in the development and
utilization of wind and micro-hydro-electric power plants.
Many papers showed the importance of wind and micro-
hydro induction generators performance analysis, modeling,
protection, and control [1-5]. However, there are fewer
publications that proposed the design and construction of
these types of generatorsto develop an effective machine for
electricity generation, especialy in isolated areas and stand-
alone generators [6-10]. Two types of secondary windings
of the rotor in the induction generator are dip-ring wound
rotor and squirrel-cage rotor. Squirrel-cage-type generators
are used widely in isolated area applications. The major
disadvantages of this type of generator are the low
efficiency, high volume size, and low power factor. With a
change in the design of the magnetic circuits of this type of
generator, the performance can be improved.
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These types of generators are used more than the other
type of generators due to the ease of operation, construction,
maintenance, and low noise. The design of the induction
generator for desired and suitable performance must be not
restricted by stator and rotor structure. The induction
machine is operated as a magnetic circuit and it will be
influenced by the magnetic saturation. However, the
operation of the squirrel-cage self-excited induction
generator becomes stable when the generator workes in the
saturation region. Then, the best step to optimize the design
of an induction generator is to design a new machine that
can carry the saturated magnetizing current and handle the
great terminal voltage. The similarity in the construction of
induction motor and generator makes it possible to use the
design steps of induction motor for the procedure of
induction generator. The mathematical formulas and
empirical equations used to calculate the equivalent circuit
components of the induction motor can be used to calculate
the components of the induction generator equivaent
circuit. In this paper, a detailed design procedure of squirrel-
cage, sef-excited induction generator is presented
systematically with a design agorithm flow chart, by
modifying the classical method of induction motor design.
Recently, to solve the optimization regquirements an ant
colony algorithm has been suggested, which is derived from
the foraging behavior of ants to optimize the designed
parameters of induction machines [11-13]. In this paper, the
ant colony optimization algorithm-based method is used for
the optimal design of a sguirrel-cage self-excited induction
generator. In this method, optima values of design
parameters are determined to maximize the generator
efficiency and to minimize the generator excitation
capacitance, stator winding temperature, and generator
volume.

1l DESIGN STEPS

The design procedure of the squirrel-cage, self-excited
induction generator involves severa steps. The sequence of
the design steps can be summarized in a flowchart as shown
in figure (1). These steps can be executed as follow:

1- Thefirst step in the design of a squirrel-cage, self-excited
induction generator is to define the fixed input specifications
data of the generator. For example, the generator has 5 HP
output power, 400 V line voltage, 50 Hz, 3-phase supply,
and Y -connection type. These data can be statesin table (1).
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Number of phases m 3
i Supply frequency fs 50 Hz
Fixed input specification data
‘ ‘ Stator-connection Y -
4 Number of magnetic poles 2p 4
‘ Calculated input specifications data ‘ Power factor @ 09
cos .
L Speed of operation N, 1525 r.p.m
e “Wariable input specifications data ‘ Synchronous speed N 1500 r.p.m
. s .p.
L Number of parallel paths a, 2
‘ Computation of stator core dimensions Type of stator winding layer 1
L Efficiency 1n% 920
‘ Computation of stator winding ‘ Ambient temperalure T 25 °C
specifications a
L The form factor of the sine-wave Kyr 11
‘ Computation of stator slot sizing ‘ Stator to rotor mmf factor K 09
mm .
L Mechanical machining factor K¢y 17
Computation of rotor slots . -
‘ Bars and end-ting sizing ‘ Saturation factor Kt 0.5
L Number of finsin the outer frame Kfins 2.0
Computation of stator and rotor —
‘ resistance and leakage reactance’s ‘ Carter coefficient Kea 125
Iron lamination thickness factor Kre 0.96
Stator winding factor Kus 0.93
Stator slot filling factor Ky 0.4
Stator tooth flux density Kes 1.6 wh/m?
Stator core flux density Kes 1.6 wh/m?
Rotor tooth flux density K¢ 1.6 wh/n?
_ _ Rotor core flux density Ker 1.6 wh/m?
Computation of magnetizing reactance
and air-gap voltage Air-gap flux density B, 1.65 wh/m? from
1 the table (A-1)
Fixed input parameter of the designed symbol Value
Computation of iron core , stray load generator
loss and mechanical resistance Minimum stator slot pitch Tssmin 7.5mm
L
Maximum stator slot pitch Tssmax 15mm
Computation of maximum and
minimum excitation capacitances Number of slots/ pole/ phase s 3
L Permeability of copper and aluminum o 47 %1077 H/m
Computation of total generator losses Copper resistivity P 17+10° (@.m)
cuo . .
1 Aluminum resistivity Pato 2.8 %1078 (Q.m)
Computation of stator winding Thermal temperature coefficient of ey 1/259
temperature rise copper
T Thermal temperature coefficient of Xgp 1/250
aluminum
Computation of generator efficiency The form factor of magnetic flux Dpp 0.75
and volume
I Temperature conductivity factor X eond 833
Objective functons of efficiency . Temperature convection factor Xconv 50
volume , exci.tat'mn capacitzlmc.e and o e dens - 7800 kgn?
temperature rise of stator winding to ol € lensity Yia
obtain optimal design values
= T = Specific iron loss Pips 2.5 watt/ kg
Stator slot mouth width bos 3mm
Stator slot mouth height hos 2mm
If the optimization s
Rotor slot mouth width bor 3mm
Rotor slot mouth height hor 1mm
. i Stator slot height between slot mouth hw 3mm
Fig. 1. Flowchart of the design procedure height and slot first width.

Table- 1: fixed input specifications

Input parameter s of the designed

gener ator Symbol Value
Output power Pout 5HP
Phase voltage Von 230V
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2- The calculated input specifications data with their

calculation formula as shown in table (2).
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Table- 2: calculated input specifications data

This table shows the parameters related to the stator winding

and their calculated formulas.

;:rzmcaétce‘:'ated input | symbol | Calculation formula Table 5: stator winding calculations
m:ﬂ:zg ratr?gh?(;rﬁous Tslr :lr :— g\is ; /A(ITZ)P/)NS (r.p.s) Parameters Symbol Related formula
speed ¥ s s § P Stalwtor flux per @, D, = s * T, * €55 * By (Weber)
— pole
]‘Srt;ﬁ:anag}g/]ular Ws Ws =20 mx fs rad/sec. Stator turns per Ny, Nyp =
line-to-line voltage Vyo Voe = V3V, (Volts) phase Von/ (4 Ko * Kpp % F + @)
Induced em K, | K, =098—0.005xP ?gg’of"”d”mrs Sse | Soc=2xmxay* Npp/Qs
coefficient
- - - Stator load line I I,, =P 3V
3- The variable input parameters as shown in table (3). | current “ ™ oue/ (1% V3 Ve » cos)
These parameters can be changed in values by the computer Stator load phase Tone Lone = Ioe A)
program to obtain the optimal design. current
) ) o Generator reactive Qgr Qgr = Sg *sin(¢p)  (VAR)
Table- 3: variable input specifications data power
Stat(t);tgf' chh chh =3 szh/Qgr (‘Q)
Variableinput excitation
parameters symbol Value capacitive
reactance
Volume controlling Statortexcitation Lepn Lepn = Vpr/Xepn (A)
ratio = ) curren
stator stacklength Aue 1.1 fromthe table (A-2) Stator phase Ispn I = [12 + 12 ]% A)
pole pitch current sph = L'pht cph
Stator specific dot Ay Ags = Ssc * Ispp, ... (A.cond.)
Inner to outer stator ; loading
core diameter ratio K 0.62  fromthetable (A-3) Sator winding A Ay = I /lea (D
conductor cross-
Stator conductor Joo | 4% 10° AJm?from the table (A-4) sectional area
current density Stator winding Deo Do, =4%A4,/t (mm)
Rotor bar current . conductor
density Jo 4*10° A’ diameter _ | _ |
) 6- Stator dot sizing calculations as shown in table (6). This
Rotor end-ring current % 106 2
density Jer 5*10°  A/m table shows the related parameters to the stator slots and
R— their formulas of calculation. The stator dot structure is
SpeCI| !,Zdi r?;m Ac 25000  (A/m) shown in figure (2).
Speific stator slot o
loading Ags 500  (‘A. conductor) /

4- Cdlculation of stator core dimensions as shown in table
(4). This table shows the related parameters to the stator
core dimensions and their related calculated formulas.

Table- 4: stator coredimensions and their related

formulas
Parameter symbol | Related formula
Apparent Sg | Sg=Poue/(xcosp)  (VA)
generator power
Generator
volume
utilization factor C Co = Kpp * Ppp+ Kys * 0+ By * A
or output ° ..... Joule/m®
coefficient
1

Stator bore Dy, Dys = [2P % S;/(Co * 1 * Ay x 1) |?
diameter | T | (mm)
Stator outer
diameter Dos Dos = Dys/Kgs  (mm)
Stator stack
length ss €ss = (1 * Adye * Dpg) /2P (mm)
Stator pole-
pitch P Tp T, = (% Dys) /2P (mm)
Maximum stator
got number Qsmax Qsmax =T* Dbs/Tssmin (mm)
Minimum stator
slot number Qsmin Qsmin =T* Dbs/Tssmax (mm)
The suitable
number of stator Qs From table (A-5)
slots
Stator dot pitch Tgo T = * Dy /Qs (mm)

. . 1
Effective dir- g Ge = 0.2+ 2% [Dy * £, + 10752
gap length e (mm)

5- Stator winding calculation, as shown in table (5).
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Fig. 2. Stator dot structure
Table- 6: Stator slot sizing calculations
Para
mete Symbol Related calculation formula
r
Stato
uarefu Ao Ayse = Ago * SC(Kfilf h | (mmZ)
I Sot Ky can be obtained from the table (A-6)
area
Stato
r
tooth bts bts = Bg * Tss/(Kts * Kfe) (mm)
widt
h
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Stato
r slot
widt
h (1)

bsl = [”* (Dbs+2*hos+2*hw)/Qs] _bts

(mm)

Stato
rslot
widt
h(2)

sz = [4 * Ause * tan(ﬂ:/QS + b.?l)]% (mm)

Stato
r
usefu
| dot
heigh
t

hss =2x Ause/bsl + sz

(mm)

Stato
r
back
iron hes
core
heigh
t

hcs = [Doc

- {Dbs +2x (hos + hw + hss)}]/z

(mm)

7- Calculation of rotor dots, bars, and end-ring sizing as

shown in table (7).

This table shows the related formulas for the calculation of
rotor dlots, bars, and end-ring sizing. The rotor slot

geometry is shown in figure (3).

Fig. 3. Rotor dot structure

Table- 7: Rotor dots, bars, and end-ring sizing

T[*(Dor_z*hur)_
Q, * by, / (mr+ Q)
(mm)
Lower diameter of d, d, =
rotor slot geometry(d, 32 &
must be lessthan d,) A, *
tan(r/Q) l 4
8+ T
4 % tan(r/Q,
T * -8
tan(/Q,)
* d%
...... (mm)
Rotor slot depth hq, hs = (dy — dy)/2 = tan(m/Q,)
(mm)
Rotor end-ring height b b =1.1+* (hg + hyp + (dy +
(radial thickness) d,)/2) (mm)
Rotor end-ring width a a=A./b
(axial thickness) (mm)
Rotor shaft diameter Dy, Dy, = [Dor — 2% (hy + (dx;fdz) +
hor + hep)]
(mm)

8- Caculation of stator resistance per phase as shown in
table (8). This table shows all the parameters related to the
calculation of stator resistance and their formulas.

Table- 8: calculation of stator resistance

Parameter Symbol Related calculation formula
Number of stator slots P, P, =Q,/(2P)
per pole
Chording factor K., K, = cos(m/(2%P))
Cail Span Vsc Vsc = Tp * Kch

(mm)
Length of end-turn from Lot Lor = (Yo +20%1073)
the table (A-7) (mm)
Length of oneturn I =2 (Lgs + L)

(mm)
Stator resistance per R, Rs = peyo * £ * Npp /(Ago *
pha% ap) (Q)

9- Calculation of rotor resistance per phase referred to stator
side as shown in table (9). This table shows al the
parameters related to the calculation of rotor phase
resistance and their formulas.

Parameter Symbo Related calculation formula Table- 9: calculation of rotor phaseresistance
| Parameter Symbol Related calculation formula
Number of rotor dots Q. From table (A-5) Length of Lors Lors = * (Dyy — 2 % hg. — b)/Q,
Rotor current per Lrpn Lopn = Lspn/Kinm end-ring per (mm)
phase referred to (mm) rotor slot
stator _ Skin effect Ky Ky = oy [2 50 % f % 1,/ (2 % poyo) |2
Rotor bar current I Iy = 2 m* Nyp * Kyps * Lpn /Qr factor Where £, = S. £, rotor voltage frequency
(A) Skew effect K Ky, = sin (r + P/Q,) /(= P/Q,)
Rotor dlot areaor A, Ap=1,/]p factor
rotor bar area (mm?) Rotor R, Ry = [{Peuo * £ss * Kr/Ap} +
Rotor end-ring current Iy Iy, =1,/(2*sin(m=P/Q)) (A) resistance {Pato * Cors/ (2 * Agy * sin?(mP/Q))}]
Rotor end-ring cross- Aoy Aoy = Loy /Jor per phase _
sectional area (mm?) Rotor R, R, = [4 #m x (Npy, * KWS)Z/(QT * Kszq)]
Rotor outer diameter D,, Doy = (Dps — 2 % g.) resistance <R
(mm) per phase "
Rotor slot pitch Tgr T =M *= (Dps — 2% g,)/0Qy referred to
(mm) the stator
Rotor tooth width by, b = By * T/ (Kpe * Ky sde |
(mm) 10- Caculation of stator leakage reactance per phase as
Rotor slot width by, bs = (Tsr — bey) shown in table (10).
(mm)
Rotor core height her her = @, /(2 % L5 * Kiy)
(core back iron) (mm)
Upper diameter of d, d, =
rotor slot geometry
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13- Calculation of magnetizing voltage and no-load current
per phase as shown in table (13).

This table shows the parameters calculation steps with their
formulas, which are used to calculate the stator leakage

reactance. Table- 13: calculation of magnetizing voltage and no-
Table- 10: calculation of stator leakage reactance load current
Parameter Symb | Related calculation formula Parameters Symbol Related calculation formula
ol Magnetizing or air-gap A Vy = Vo + Ipn * [R2 + X2]:
Stator dot As As phase voltage )
permeance 3 - - T
= [(2 * hss/((b51 +)>> No-load current / phase I, I = [i2 - Iszph]z
by, (A)
Rotor phase current [ Lon=V./Z
@ /(b + bos)) + (has/bss) i A I
« (L+3%K,)/4 Magnetizing current per I, Ly =V, /Xp
Differential | s | Ags = [(0.9 % Ty * 62 = K2y 7 Gy * Yas)/ phase : S () E— —
permeance of (Kea * g * (1 + K;0)] 14- Cdculation of maximum and minimum excitation
stator dlot Where C, = [1 — (0.033 * b2 /(ge * T55))] capacitance of the generator as shown in table (14). The
igz;l iizfgtf#hat can be 0?;?Dedhff0m the maximum and minimum capacitance per phase can be
table (A-8). e parameter inthe . - -
equation of (Y,,.) can be calculated as: calculated from the equivalent circuit of the generator.
o - 0=m*(6xKey _{,5'5) — Table- 14: maximum and minimum excitation
X e ~ . — 0. ;
turn © | A =034 %, x ( Ken* 1, )/ ss capacitance per phase
permeance Parameters Symbol Related calculation formula
Stator Xos 2% Stator |oad loss R Reee = Ry X4 /[RZ+ XZ] ()
leakage Mo * resistance [5]
reactance per | L5 * | Slip at S, Smax =
phase Xps = wq * / (Pxq5)) (@) maximum torque " i ) .2
szh * Rr/[(Rs + RSN) + (st + Xfr) ]
[(A + A5+ A0 J Mier;idmum rotor Wimin Wimin = Ws * (1 = Spax) Else':,:‘_m
- i sp
11 Ca!culatlon of rotor Ieakage reactance per phase as Y pe— W | W = s (L5 Spay) 2222
shown in table (11). The table involves al the parameters | gpeed '
related to the rotor leakage reactance calculation with their Maximum Comax | Comax = 1/ (Wi * (X + Xos) /W)
formulas. excitation (uF)
capacitance per
Table- 11: calculation of rotor leakage reactance phase
N Minimum Cemin Cemin = 1/(M/r%nax * (Xm + X«,”S) /Ws)
Parameters Symbol Relate formula of calculation excitation (4F)
Rotor slot Ar A =[0.66 + (2 * hsr/(3 capacitance per
permeance *(dy + d))) phase
+ oy /boy] 15- lation of r losses wn in table (15).In
Rotor 5ot ™ T T 09 T Y 0 (K 5 Calculation o geperato o as sho . tab.e( 5)._
differential 9.(6 * P)?) this table, the details of losses calculation _ with their
permeance Where Yy, = 9 * (6 * P/Q,)? x 1072 formulas are presented and then added to determine the tota
K., = can be obtained from the table machine losses.
(A-9).
Rotor end-ring Aer Aer = [2.3 % (Dor — B)(Qy % £55 % 4 Table- 15: Generator losses calculation
permeance sin®(m * P/Q,))] * Log [4.7 * Parameters Symbol Related calculation formula
— L s Stator copper Prs | P =37 7R,
Skin-effect K, K, = loss
factor 3/ 2% Ry, 102 (watt)
1] * = =
(W % 1o/ (2 * pagy) 12 Rotor copper Far | Peur =3 %17 * Ry
Rotor leakage X, KXo = W * g * L5 % (A % Ky, + loss (wett)
reactance per Aar + Aer) (@) Mechanical loss Prnec Ppec = 0.012 % P,,,, from the table
I;hffe — = _ (A-10) (watt)
otor e v —
reactancesgr or ngr = [4 * M * (Nph * Kws) /(Qr * Iron core losses Py P, =3x ]{q * I,
phase referred to qu)] * Xor @ (wett)
the stator side Wherel;, = I, * cos¢p,  (A)
12- Calculation of magnetizing reactance per phase and the Stray load losses P Pre =3+ oy v Ropy ()
corrected rotor leakage reactance due to the skew effect as _
g‘]OWn in table (12) ;I;)(;gsma:hme Ptf Pt{’ = Pcus + Pcur + Pmec + Pic + PsH

Table- 12: calculation of magnetizing reactance and the
corrected rotor leakage reactance

Parameters Symbol Related calculation formula
Magnetizing reactance Xm X = W * K * o * m * T *
per phase fss * (Nph * Kws)z/(n * P ox

_ ge) (@)
Rotor |eakage reactance Xorsq Xorsqg = Xm* (1 —K2)
due to skew-effect Q)
Total rotor leakage KXot Xore = (Xor + Xrsq)
reactance per phase Q
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16- Caculation of generator temperature rise as shown in
table (16).The table shows the stator and rotor winding
resistivity calculation in terms of winding temperature rise.
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Table- 16: temperaturerise calculation of the stator

table (19) shows the optimal results of objective parameters.

winding The agorithm offers maximum machine efficiency and
Parameters Symbol | Related calculation formula minimum excitation capacitance, minimum size, and
Machine frame Aprame | Aframe =10 % Dog * (5 + 7) * minimum stator winding temperature rise. In this case study,
area Kjins * 107° (m?) the machine efficiency is 88%, the minimum excitation
Frame temperature | Trrame | Trrame = Pee/(%conv* Aframe) (°C) capacitance per phaseis 25uF , the minimum volume of the
where o, = 50 from table (A-11) machine is 2260 €3, and the minimum stator winding
Stator winding Twinding Twinding = Tampient + Tframe (°C) ten]perature riseis50 °C.
temperature Tympions = 25°C
The resistivity of Peu Peu = (1 +% e * Tyinding) * Peo Table- 18: Design specifications of the generator
the stator winding (@.m) construction parameters
;I;)f:grrebirilvny of Pat Par = (1 +%ge* (Twinaing + 10)) * Generator construction parameters | Symbol Dimension
Paso (Q.m) Stator stack length/pole pitch e 115
17- Calculation of optimized parameters of the generator as | Inner to outer stator core diameter Kas 0.625
shown in table (17).The main parameters that are optimized | Stator conductor current density Jeo 4.5+10°  A/m?
in this design of the induction generator are efficiency, |-ROOrba currentdensity Ly 45100 Am?
Y . L Rotor end-ring current density ], 5.5%10 Alm?
excitation-capacitance, stator winding temperature, and the Spedific dedrical loading j: 53500 A/m
generator volume. Specific stator slot loading Ay 450 A. conductor
. L . Apparent generator power S, 4725 VA
Table- 17: optimized parameters calculation Ggr‘:erator%/olume uglization factor Cz 35900 Joule/ m®
parameters Symbol | Related calculation formula Stator outer diameter D, 57 mm
Generator n% | 1% = [Pou/(Pour + Peo)] * Stator stack length 2. 195 _mm
efficiency 100 Stator pole-pitch T, 445 mm
Excitation Cemin Ceminzz Stator ot number Qs 24
;a’a)t?)crl?/inrfgin — 14[Wrﬁﬂxi(xm foS_E/TWS] Effective air-gap length Je 112 mm
temperature 9 winding winding = ‘ambient T ° frame Stator flux per pole by 0.013 weber
Generator Volume | Volume = (it x D, * £, /4) * Stator turns per phase Npn 165
volume 1073 (C3) Stator phase current Lipn 70 A
Stator winding conductor area A 15 mn?
Il ANT COLONY OPTIMIZATION Sxator wincing condlicior d ameter j’ 4,
In this paper, for example, a 5-HP squirrel-cage, self-excited | Stetor tooth width bys 30 mm
induction generator, 50 Hz and 400 V line-to-line is gig:jg mgg: 8 1251 ;g o
designed and optimized. The objective function is used for g0 useful sot height h:g 150 mm
maximum efficiency, minimum excitation capacitance, [ Stator back-iron core height h, 160 mm
minimum generator volume, and minimum temperature rise. | Rotor slot number Q; 22
The ant colony algorithm parameters are given as [12] : Rotor phase current Lrpn 73 A
Focwy = Wi * gy + Wa  Comin + Wa x volume + Wy » | 200 500 T T
Twindin g Rotor end-ring current Iy, 264 A
Rotor end-ring cross-sectional area Agr 48 mm?
Where W, , W, , W, and W, are the weights that indicate the ~|-RoLor outer diameter Doy | 545 mm
. LA .. Rotor slot pitch Ty 79 mm
relative significance among the chosen objectives. These [ Roiortooth widh b, 30 mm
weight parameters can be set to one for activating the [Rotor dot width b, 49 mm
objective function. The multi-objective optimization | Rotor core height hey 11.0 mm
problem can be suited by combining many objectives | Rotor upper slot diameter dy 46 mm
through weight parameters into a single objective to | Rotor lower dot diameter d, 10
optimize the chosen objectives ( involves both | Roorsotdepth hey 75 mm
L L . Rotor end-ring height b 80 mm
minimizations and maximization ) simultaneously. Rotor end-ring width a 65  mm
Rotor shaft diameter Dgy, 331 mm
v RESULTSAND DISCUSSION Stator resistance per phase R 31 0
L . . . Rotor resistance per phase R, 25 Q
The ant colony optimization algorithm is used to obtain the  "gz0r leakage reactance per phase X, 18
optimal design parameters of the squirrel-cage, self-excited | Rotor leskage reactance per phase X, 085 Q
induction generator.The design equations in tables (2-17) | Magnetizing reactance per phase X 140 Q
are used to feed the computer program in a sequence and | Magnetizing or air-gap voltage / Vg 250 Q
systematic arrangement of the design procedure. The ﬁlh“'ﬁe i T - 50 A
software package is developed and executed in a Matlab M;gdi;ﬁgarf;t%eﬁhase A s A
file. The find machine design results are obtained by [Tiron core current per phase I 09 A
optimizing the objectives of efficiency, excitation | iron coreresstance per phase Ry 280 Q
capacitance, machine volume, and stator winding
temperature rise. It is clear from tables (18-19), which are
the results of the design, those better design parameters are
obtained when the weights W, = W, = W, = W, =1 in
the ant colony algorithm of optimization. Table (18) shows
the results of all machine construction parameters, while
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Table- 19: objective design parameter s of the generator

Parameters Symbol Dimension
Minimum excitation Comin 25 uF
capacitance per phase
Stator winding Twinding 52°C
temperature
Generator volume Volume 2270 C2
Generator efficiency Efficiency 88 %

\% CONCLUSION

Design steps with their suitable theoretical and empirical
formulas are executed in the computer program and Matlab
file to abtain the structure dimensions and parameters of the
3-phase squirrel-cage self-excited induction generator. The
design steps are summarized in seguence tables and
systematic manner. The new design dimensions and
parameters of the generator suit the generator operation in
the stable and saturation region. The design results are
optimized by an ant colony optimization algorithm. The
objective parameters are used in this algorithm to obtain
maximum generator efficiency and minimum excitation
capacitance, minimum winding temperature rise, and
minimum generator size. A generator of 5 HP, 400 V, 50
Hz, and Y-connection is used as an example of the design
procedure.

APPENDI X [14]

Table- A-1: Air-gap flux density as a function of
number of magnetic poles

Poles Number (2P) 2 4 6 8
Air-gap density 0.5- 0.65-0.78 | 0.7- 0.75-
(wb/m?) 0.75 0.82 0.85

Table- A-2: Volume control parameter (4,.) asa
function of the number of poles

Poles Number (2P) 2 4 6 8
Volume controlling ratio | 0.6- 12-18 | 1.6 2-8
(Ave) 1.0 2.2

Table- A-3: Stator inner to outer diameter ratio
(K 45) asafunction of poles number

Poles Number 2 4 6 8

(2P)

Ratio (Kys) 054- | 0.61- 0.68- 0.72-0.74
0.58 0.68 0.71

Table- A-4: current density of stator winding asa
function of poles number

Poles Number (2P) 20r4 6 or 8
A current density of stator | 4-7 A/mm? | 5-8 A/mm?
winding (J.,)

Table- A-5: stator and rotor slot number asa
function of poles number

@) o 24 36 43 —
2 4
2 0, 18 30 40
20 28 30

0 24 36 43 72

4 2 3 46 70

Qr 18 30 2 66

28 36 62

0 _ 36 54 72

. 2 3 68

0, 28 44 64

2 40 62

Retrieval Number: 100.1/ijeat.A31981011121
DOI: 10.35940/ijeat.A3198.1011121
Journal Website: www.ijeat.org

187 © Copyright: All rightsreserved.

Qs — — 48 72
8 0 38 60
v 36 56

Table (A-6) stator dot filling factor (K;;)

For machines less than 10 kw
For machines above 10 kw

Ky = 035— 04
Ky = 04— 0.44

Table- A-7: end-ring length as a function of poles
number and coil span (y,,.)

Poles number (2P) | End turn (#,,) as afunction of coil span
2 Lo = (2 *y,, —0.04), y.. in meter
4 Lo = (2 xy,, —0.02), y,. in meter
6 fet = (g * Yoo + 0018), Vse in meter
8 let = (2.2 xy,. — 0.012), y.. in meter
Table- A-8: Thefactor (Y,4s) asa function of number
of dots/ pole/ phase (q;)
qs | The factor Y, in the equation of stator slot differential
permeance
1 | Y, =95%1072
2 | Yu = (0.25 *sin(8) + 2.6) * 102
3 | Yy = (0.18 * sin(8) + 1.24) * 1072
4 | Yy = (0.24 = sin (6) + 0.76) x 1072
6 | Yy = (0.11*sin(6) + 0.41) x 1072
Table- A-9: Carter coefficient (K.,)
K,=12-13 For semi-closed stator slots
K,=15-17 For open-stator dots

Table- A-10: Machine mechanical losses (P,,,..) asa
function of pole-pairs

pole-pairs (P) Mechanical losses (P,,..) in terms of
Pout
1 Prec = 0.03 * Poyy
2 Proc = 0.012 % P,
3, 4 Ppec = 0.008 %P,

Table- A-11: temperature convection coefficient
(%conw) @safunction of poles number

Poles number (2P) Koy (WIMA K)
2 60
4 50
6 40
8 32
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