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ONSOZ

Giinliik yagantimizda her gegen giin 6nemi artan elektrik enerjisi beraberinde
birgok kolayliklarda getirmektedir. Bunlar ise gesitli tip ve giigteki elektrik
makinalariyla olmaktadir. Asenkron makinalar ise bu agamada 6nemli bir yer
tutmaktadir. Ucuz bakim ve onarnmimn kolay olmasiin yaminda 6zellikle
elektronik diinyasindaki = geligmelere paralel olarak kontrollerinin de
kolaylagmas1 ve daha hassas kumanda edilebilmesi bu makinalan cazip
kilmaktadur.

Mensubu olmakla gurur duydugum ve her zaman duyacagim Istanbul Teknik
Universitesi’nde yiiksek lisans egitimi almanin yaninda asenkron makinalar
gibi bir konu iizerinde tez hazirlamanin ayncalik oldugu inancindayim. Biitiin
bunlann bagarmamda bana gerekli ¢galigma ortamimi saglayan aileme, degerli
goriigleriyle bana yol goésteren, ¢aliymalarimda benden destegini higbir zaman
esirgemeyen kiymetli hocam Saym Prof. Dr. Nurdan GUZELBEYOGLU na
tegekkiirii gerekli bir bor¢ bilirim. Ayrnca tezimin hazirlanmasinda bana
yardumc:1 olan arkadaslanm Miih. Kemal YILMAZ’a ve Miih. Mehmet
GONEN’e, Miih. Perihan CENGIZ’e, Miih. Nalan KALAFAT’a, Elektronik
Miih. Ayten KATITASa ve ismini sayamadiim arkadaglanima desteklerinden
dolay tegekkiir ederim.

Istanbul, 1997 Elk. Mith. Zafer YAVUZ
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SUMMARY

ANALYSIS OF THE EFFECTS OF SHAPE AND DISTANCE BETWEEN
CAGES OF A ROTOR OF AN ASYNCHRONUS MACHINE BY
CLASSICAL METHOD AND INDAN COMPUTER PROGRAM

Asynchronus motors are widely used motors in industry because of their being
cheap and easy repair. By developments in electronic devices provides easier
control. As the number increase, construction takes an important part for the
manufacturers. In engineering world, one of the aim is to decrease the loses in
machines. In order to be successful; first of all; it has to be found where the
loses are much and the reasons of them.

In this study first of all seven kinds of short circuited asynchronous motors are
modelled. And their results are listed by the classical method.”(1) in this
method; the rotor surface kept constant but the shapes are changed. Then the
distance between the rotor cages are changed. In order to see the effects of the
changes in shape and the distance between the cages.

In the next section; the same shapes are examined by the help of INDAN -
Induction Motor Analysis - computer program and then their results are
compared. INDAN Induction Motor Analysis program , as indicated above, is
a program to be used induction motor analysis. All the file names that are
suitable for DOS can be given but it is recommended to use filenames that are
shown as follows.

For example; 500-6.001 Here 500 is; the motor power in kW, 6 is the pole
number and 001 is the numer of the project.

New datas are entered by changing the previous datas. For this; it is necessary
to copy the old file to another one. For example Z, is called old file.

If INPUT DEMO.INP Z, is entered; datas can be seen in demo and asked
what the new data is.

If INPUT <File Name> is entered datas in that file can be seen but these datas
can not be changed . If RUN <File Name> is entered; stator and rotor slot can
be seen in the screen. Instead of using RUN command; if PLOTPRN
command is used then these can be plotted.

COPYPRN <File Name> command plots all the p,outputs but doesn’t give an
information about them.



The questions that are asked to be answered to get the motor pararmeters are
also given in this study.

The points that are important are as follows. All the powers are in kW; and
lengths are in mm. if the ventilation is axial, the number of cooling channels
and the width of them are entered 0. Data are only valid for radial ventilation.

The conductors length and the added-resistance pu data may not be entered
because progam can calculate these automatically.

120 ° C is recommended to enter as reference stator temperature and 180° C
for the rotor. Stator winding code can be entered 1,2 or 3 according to the
model. 1 is used for two layer winding in one slot, 2 is used for two layer
winding at the top of the slot and 3 is used for two layer winding at the bottom
of the winding.

The depth of the rotor slot is entered in mm., as it is in stator slot, from bottom
to the top of the slot and if the slot circular then the taper depth is entered 0.

Rotor winding code can be entered as 1,2,3,4 according to the type of the rotor
slot.

In both methods classical and INDAN program, it is seen that the various types
of rotor slots have different effects on motor parameters. Although there is not
so much differences among them; it is very important to select the suitable
type. Generally it is recommended to use double cage rotor slots, circular at
the top, rectangular at bottom. But in order to get a high torque; it is necessary
to use double cage not only one cage.

In calculation period, it is seen that when the rotor resistance is decreased, is
X, increases. On the other hand. When the resistance decreases, the loses in
rotor decreases which results in an increase in efficiency.

It is a good point, that when the length in the cages in rotor slots in increased,
pull-up current decreases. The other point is that the magnetising currents are
very important. Although the results gives the same meanings; it can be seen
that the results are different for the same type of slots. Which from using
magnetising curves. This not only effects I, and changes X, but also changes
the rotor current. When the rotor current changes, the loses and the efficiency
also changes. I, effects E and this results in change in rotor current and also in
slip.



Although classical method is along way and takes a very long time; lots of
datas can be get. But in order to get the results in a very short time and if there
is no need for the detailed datas. To use INDAN can be recommended.
Another detailed of INDAN is that parameters at different load points can be
get.

In classical method stator winding is choosen as two layer winding because it
is much easier to pitch and in the result the harmonics that are harmful can be
eliminated. This is one of the advantages of a two layer winding. The other
advantage is that; in that kind of winding radial height of top of the winding is
less than the other kind. As a result of this; the losses are less than one layer
winding.

If the air gap induction curve is in Sin form, ¢, magnetic flags can be
calculated easily. By using this, also the value of induction curve B; and the
number of winding can be found. After that, if the winding number is not
suitable by following same way the suitable one can be obtain.

The losses when the motor is not loaded incluse the iron losses and the friction
losses. On the other hand the losses when the motor is loaded consist of the
copper losses. The iron losses very important as it can be seen in calculations
in classical method. That is because in stator network frequency and in rotor
slip frequnecy takes an important part. How to obtain the values of these are
shown in the next chapter. Friction losses mostly depend on the manufacturing
and the ventilation of the motor. If the speed of the motor is low and the pole
number is too many. These losses are generally 0.2 % or 0.3 % of the active
power. This rate is 1.5 % for high speed and the motors that do not have so
many poles. The copper losses is about 1 % of the active power and changes
with the square of the current.

In construction of an asynchronus machine it is very important to choose the
width of air gap for safety. If the width is choosen small the air gap induction
increases. On the other hand if it is large enough iron losses decreases but has
bad effects on magnetising current and power factor. It doesn’t effect
efficiency. Altough air gap induction Bs generally takes values between 0.7
and 0.9 Tesla; it is choosen 1. Tesla at the beginning as it is done in INDAN.

As it is mention above in this study seven kinds of rotors slots are examined
according to their parameters and performances. The types of rotor slots are
shown as follows.
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As a conculsion, the following results can be given;

when the width of air gap increases the iron loses dereases in both methods
and also in INDAN the rotor resistances decrease. This is so small that in
classical method; it can’t be observed easily. As the depth of rotor slot
increases the value of rotor reactance decreases; X, increases and I, decreases.
These values can be obtained more accurrately in the models which has to

cages that has round top bar.

When the distance between the cages increase; in both methods, it can be seen
that torque deceases but load current increases. It doesn’t effect efficiency; but

small decreases may be seen.

L4 3 W
L

=t




When all the models are compared choosing the models which has a round top
cages is an advantage but the best way is to make a selection according to the
aim.



GIRIS

Endiistride en ¢ok kullamlan makinalardan biri de “Asenkron Makina”lardur.
Bunlar ; sincap kafesli (veya kisa devre kafesli) ve bilezikli asenkron makinalar adlan
altinda karsimiza ¢ikmaktadirlar.

Sincap kafesli asenkron makinalar, bilezikli makinalara gore daha kullamgh,
daha ekonomik olduklarindan; kullanim sahalari daha genistir. Ayrica bakim - onarnim
ihtiyaglart da azdir. Hal bdyle iken igletme agamasinda tiim bu olumlu 6zellikler, eger
uygun kafes yapisi segilmez ise Onemini yitirebilmektedir. Ciinkii kafes yapilan,
kafesler arasindaki uzakliklar makina performans: iizerinde onemli etkilere sahiptir.

Calismanin 1. Béliimiinde plaka degerleri verilen bir asenkron makinanin klasik
yontemle hesabi yapilmigtir. Aym bolimin birinci kisminda stator degerleri
hesaplanmug ikinci kisminda ise gegitli rotor oluk sekilleri i¢in bunlara ait deZerler
bulunmugtur. Ikinci boliimde ise INDAN hazir paket programu kullamilarak aym plaka
degerlerine sahip makina i¢in stator ve rotor degerleri hesaplanmig ve buna ilave
olarak rotor oluk gekillerinin resimleri konulmustur. Ug ve dordiincii bélimlerde de
bulunan bu sonuglar tablo halinde verilmigtir. Bu program yardimiyla makinamn
optimizasyonu da yapilabilir. Komutlarda herhangi bir farkhilik yoktur. Makina
optimizasyonu yapabilmek igin gerekli olan birim fiyatlar ve kullamlan formiiller
degisebileceginden hesaplar burada gosterilmemistir.

Bu ¢aliymada ¢ift kafesli ve demir oluk gekilleri ile kafes oluklan arasindaki
mesafenin makina biiyiikliikleri iizerindeki etkilerinin incelenmesi hem klasik yéntemle
hem de INDAN bilgisayar program: ile ayn ayn yapilmug ve sonuglan
kargilagtinimagtir.

Xii



1. BOLUM Plaka Degerleri Belirli Bir Asenkron Makinanin
Klasik Yontem lle Biiyiikliiklerinin Belirlenmesi.

1.1 Plaka Degeri 500 kW , 4000V , 50 Hz , 1000 d/d olan Kisa
Devre Kafesli Asenkron Motorun Klasik Yéntemle Hesabi |1]

610 kVA, 500 kW 4000 V, 50 Hz, 6 kutuplu kisa devre asenkron

motorun stator degerleri;
Asenkron motorun ana boyutlan ; stator i¢ ¢apit D; ile stator sag

paketinin fiktif uzunlugu L;’dir. Motorun giicii 500 kW ve ¢ift kutup sayis1 6

olduguna gore,

Sekil 1.1°den D;= 600 mm segilir.

-

\

k)
R

ARV B

Sekil 1.1 2 1le 12 kutuplu asenkron makinalar igin stator i¢ ¢apinin

makina gticiine bagh olarak degisimi

C, Esson gii¢ katsayisi olup; buna ayn1 zamanda faydalanma katsayisi da
denir. Makinanin birim zamanda alinabilecek enerjiyi vermektedir ki; bu

malzemeden de ne derecede faydalamildi§im gosterir.

Buna gore kutup taksimati,



_nDi _w600_
Tp= 2p o 31,41 cm

ve makinanin kutup basina isabet eden giicti

P 500 kW
2 6

=833 kW

Statorda 10 mm. genisliginde 9 adet sofuma kanali bulunacaktir.Z,=9,
be=10 mm oldugundan

Ly =L, +Z,.b, =4035+ 9% 10=4935 mm

Kontrol i¢in Niimberg’in hava arahif genishiginin secimine iligkin
30 kW’in ustiindeki orta ve biiyiik makinalar igin verdigi denklem kullamilacak
olursa;

6=1—§(§6x(1+—2—9;) [mm]=%2%(l+—§—) =125 mm

bulunur. Secilen deger 1,3 mm.uygundur.

Asenkron motorlarda statorun kutup ve faz basina tam oluklu olarak
donatilmasi uygun olur; ¢iinki kesirli oluklu sarg: kullanilmasinda makinanin
caligmas1 sakin olmaz,

Makinanin bir kutup altindaki faz basina oluk sayisi1 q;=4 olacaktir.
Buna gore toplam oluk sayist

N, =2xpxq,xm =2x3x3x4=72 oluk

Oluk adimai tq,,

Ty = D’}: ? - 607; 2 _2618 cm

Statorun nominal akim,

S=v3UI = 610x10°=43x4000x1,, = I,,=88 A bulunur
Asenkron makinalarda stator sargilari 100 kW’a kadar bir tabakal1 el

sargilar1 olarak, 100 kW’ ustiinde 4000 kW’a kadar ise iki tabakah olarak

yapilirlar. Omek makina gici 500 kW oldugundan iki tabakali sarg

kullanilacaktir,



Alternatif akim sargilarinda, hava arahindaki akinin tam sinais bigimli
oldugu, bobinlerde endiiklenen gerilimlerin cebirsel toplaminin alindig: ideal
durumlarda, bobinler bir ¢ap dogrultusunda yerlestirilirse bir sargida
endiiklenen toplam gerilim maksimum degerini alir. Fakat pratikte bu ideal
durumdaki sonuglar kullaniimazlar. Sonuglarin gergege yakin yaklastinimasi
gerekeceginden bu sartlari temsilen hesaba sarg: faktorii katilir.

Endiivi ¢evresine yayillmis olan bobinlerin olusturdugu sarginin toplam
etkisinin hesab1 yapilirken, bobin yanlarinin aralarindaki faz farkimin etkisini
ifade etmek igin sarg) yayilma faktorii (£,) kullanilir.

Bazi durumlarda belirli harmonikleri yok etmek i¢in ya da azaltmak igin
bobinler ¢ap boyunca yerlestiriimez. Bu durumda bobinlerin toplam
gerilimlerinin cebirsel toplamina esit olmayacag: gdzoniine alinarak sargi
kirigleme faktori (€ ) kullanilir.

Toplam sarg: faktorii, sargi yayuma ve sargi kirisleme faktorinin
carpimudir.

&s =&y x &

v. harmonik i¢in sarg) yayilma faktori;

Ya

Sing x v x

£, = 2 dir

g x Sin v x 2,-2'3—’

1. Harmonik igin aym esitligi yazacak olursak
Sind x1x 1—3 05

Sy = = =—>—=0,957 bulunur.
4 x Si 150,522

x Sin1x 7

Burada v, statorda birbirini izleyen iki oluk arasindaki elektriksel ag1 olup

ye1=px}’geo
®= N T2

Ya=3x5=15 bulunur.

Ana boyut denklemi,



P=CxD?xLxn dir.
Makinanin fiktif endiivi uzunlugu

P 610
T C.D.n 06 x4,199 %1000

=0,4035 m bulunur.

Gergek stator sag paketinin toplam uzunlugu Ly, fiktif sag paketi
uzunlugu L;* den buyuktir. Sekil 1.2” den C=4,199 kWdak/m’, 2p=6,D;=

60 cm. i¢in sekil 1.3°den & hava aralif genisligi 1,3 mm. oimalidir.

K s" C -—"
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3 N —
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Kutup basma qug — kW

Sekil 1.2 Yaksek devirlr asenkron motortarda Kutup bagima guciin

fonksiyonu olarak C faydalanma katsayist
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Sekil 1.3 Asenkron motorlarin i¢ ¢capa bagl olarak o hava arahg

Statorda iki tabakali ve her bir kutupta faz bagina q; = 4 olugu bulunan

ve kirisleme orani y T = ]%2 olan kirislenmig bir sargt i¢in,
P



g=l1-2L xlSO:(l——]—g)x180=30°
T 12

) 2
1. harmonik kirisleme faktorii

A

2"

& =Cos 0,966 bulunur.

Toplam sarg faktora

& =& % &y, = 0,966 x 0,957=0924 elde olunur.

Siniis formundaki alan genligi Bs; = 0,9 T olarak ahnsin. ¢ akisi
¢=Bs.o;. 7.1 ) i¢in doyma faktori kq = 1,5 olarak tahmin edilsin.

Buna gore a;, sekil 1.4’den 0,74 yine ayni egriden torm faktori (ko) ise

0,97 olarak segilir.
N84 L1 1102
AT
080 ket — | —pA 100
076 098
072 £
5 / 6y
TN
1 06 8 |-/ 7 — 094 I
062 —110.9
0.
6n.o 20 w030

—_—— kg
Sekil 1.4 Asenkron motora ait a; = f{kq) ve kg egrileri

Su halde aki;
¢ =Bs x a; x T, x L; = 0,8 x 0,74x0,3141x0,4035

¢ =0,075 Wb’dir.

1
1+0

E,=U x



g

X
o,=1, T‘:’— olup buna Heyland dagilma faktori denilir. Hava araligi

endiiksiyon egrisinin siniis bigiminde olmasi halinde ¢ magnetik akisi
tarafindan stator sargisinin her bir fazinda endiiklenen emk’nin efektif degeri ;
E, =444 f,.w, .E.¢ [V]
Heyland dagilma faktorinin degerleri, sekil 1.5’te normal makinalar

icin kutup sayisi1 p’nin fonksiyonu olarak verilmigtir.

098— =
. AN \
9| \\ —
096 :
092 : '

088 |

o~

086

by
.
\

Y .
:

T2 80 200 24 28

: _ - i

Sekil 1.5 Normal asenkron makinalarin kutup sayisinin fonksiyonu

olarak 1/1+0c, degerleri

. 1 -
2p =6 i¢in o - 0,962 olarak segilir.

1

4000
£, =—= 0,962=222164 V

V3



Stator sargisinin faz bagina sarim sayisi

B E, B 222164
TG4 X £, xky xE X P 484 x 50 x 0,97 x 0,924 x 0,075

w, =148,814 sanm

Bulunan sonuca gore uygulanabilir sarim sayist w; = 144 sarim / faz’dir.

Bu sarim sayist alindifinda basta kabul edilen B; hava aralig:r akisi degeri

degisecektir.
0,8x148,814
= T T _0.82
B, 124 0,826 T ve
148,814
¢= 1844 x 0,075=0,0775 Weber

Her bir fazin stator oluklarindaki toplam iletken sayisi da
Z,=2.m.w;=2x3x144=864 olur.

Bu durumda dtatorun ozgil-amper iletken sayis1 veya c¢evre akim

yoguniugu
_Zy x1l,y 864x88

2% D, = 60 =403,62 A/cm

i

Statordaki oluk basina iletken sayist;

Agz1 agik oluklu, 2 paralel devreden imal edilecek olan stator olugunda

iletkenler 7,6 x 1,81 mm? = 13,756 mm? kesitinde olacaktir. Buna gore oluk

boyutlari;

Geniglik;  lletken 7,6 x 1=7,6 mm
oynakhk =0,4 mm
ara yalitkan =0,2 mm
ana yahtkan =3,3 mm
bo =11,5mm bulunur.



Derinlik;  lletkenl,81 x24  =43,44 mm

bobinsonuanay. =33mm
oluk sonu ana y. =3,,3 mm
oluk sonu boslugu =10 mm
oynakhk =(,8 mm
hgy =63 mm bulunur.

Tesia )/.__ E
2,00001 < -
| 7 |

15000

10000 _ ' '
‘ ....._.3w,"kg)dlnumo

SUg
- ---3W/lg <dinamo
SACH

e——— =

43,5000 ,
/ |
' A
b LAY
| l ' I Cin
0 i 5 ° 10 15
ﬂ il '
i 50 107 150
i i00 5i) D) 1500

Sekil 1.6 Miknatislanma egrileri

Stator oluklar i¢in bulunmus olan genislik ve derinlik degerleri hg;/by,

i¢in ongorilen 3 ile 5,5 arasinda olma kosulunu sagladi@ i¢in uygun

degerlerdir,

Hesaplanan stator boyutlarina gore stator dis endiiksiyonlar1 bulunacak

olursa;



by = -7% (60+0,6)~115=15 cm

by, = 7”2—(60 +03)-1,15=1742 cm

by = %(60 +12,6)-1,15=2,01 cm

L, 0,4035 x 0,02618 x 0,826  (1+0,0395
B =20 B, (14, = o2 X D2 X DA XA ) 1263 T
Kz Lt -barni 0,97 x 0,4935 % 0,015
LT . .. 2 . 04035x 002618 x 0826 x (1+0,026)
I T TR ~10735 T
Ban = Lo b, (1430 0.97 x 0,4935 % 0,015
L. 1 4035 x 0,02618 x 0,826 x (140,013
Byrygn = 70— B, (1 —a,)=0" s - al )=O,9186 T
KoLy -Bos 3 0.97 x 0.4935x 0,015

S59.7

15

Sekil 1.7 Bobin yanlarinin oluga yerlestirilmis hali

Rotor boyundurugunun kismi magnetik gerilimi sekil 1.6’dan bu

endiksiyon degerleri i¢in Hgime=7.5 Afem; Hg1o=5 A/cm; Hyimin=4.,5 A/cm

bulunur.
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Simpson kuralina gore ortalama alan siddeti,

Hyppue * Hippoin 4H 410 75+45+20
Hdl = 6 =

=5333 A/cm

Stator diglerindeki magnetik gerilim,
W, =20, .Hy=2x63%5333=672 A
B;; = 1,168 T alindiZinda, satator boyunduruk yiksekligi (h;;)

gi+o,) 0,0775 x 1,039
2.k LBy 2x 097 x 0,4935x 1,168

h, = =72 cm

Stator dis ¢ap1
Dy =D, +2.hy +2.h, =60+2x6,3+2x7,2=87 cm bulunur.

Stator dis agirhif

[ (D, +2hy\* (D)’
Gy = n(—'-z—-ﬂ) —/r(—-z—') —Nlthxbm]xkﬂ,xL,xyﬁXIO‘g‘

F 2 2
Gy = a(%x—@) - n(%) ~72%63%x1,15(x0,97 x 40,35 x 7,885 x 10~
L

G, =244 kg

Stator boyunduruk agirhign

D, (D +2h,)? _
Gp:}’ﬁxkfexL,xl:(%) —(—é——‘l) x 7x107?

2 2
G, =7.88x40,35x 0,97 [(82—7) ~ (ﬂ%"g) ] xzx107

G, =5567 kg
Stator sa¢ paketindeki pulzasyon kayiplan

k—pxo' xl [Nanprl
2 ¥ 10000 0,1

2
Pkpl = ) x G, [w]

X
36

Buradaki N,.n, stator diglerindeki pulzasyon frekansina esittir. 6, metal

sabitesi olup; sacin A kalinhgma baghdir. Cesitli sa¢ tipleri i¢in degerler

tablo1.1 ‘de vernilmigtir. k,, saclarin islenmesinden dolayr Foucault

kayiplarindaki artmay: gosteren bir faktor olup;, 1,8 ile 2,00 arasinda
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degismektedir. Hesaplara 1,9 olarak katilacaktir. B, ise endiiksiyon

pulzasyonunun genligidir.

Tablo 1.1 En 6nemli sa¢ nevilerinin matriyal sabiteleri

Sag Nevileri A pi Pn-P1 pw/P1 Oy Ow O'w=0'w~AZ
DIN 46499 | vm | Wikg | (x100) | (x100)

I | 3,6 0,5 3,6 66,7 33,3 48 | 19,2 4,8

i 30 0,5 3,0 78,3 21,7 4,7 | 104 2,6

mi 23 0,5 23 82,5 17,5 3.8 6,4 1,6

IV 17 0,5 1,7 83,8 16,2 285 | 44 11

/’ 2 7 2
(aoz,/ ) 0,25/
e 70,13 3,698

}/2 = - = 7 =
dg 0,25, 6,923
5+( ‘%) 5*( /013)

=0,534

_ 72.6.B4,, 0534x0,13x1,0735

B =
2.7y 2x2,618

i

=0,0142

Py denkleminde k,=0.9; o, = 1,6; G4 = 244 kg olup; bu degerler

yerine konursa

1,9 1 (58x1000 0,0142

P = %16 —
il W% 36\ 10000 * o1

2
3 36 ) x244=6988 W

Stator boyundurugunun demir kaybi

2
Py =kx[kh,, X Oy x%+kwb Xo, x(-l-bfa) }xszl
Boyunduruktaki toplam demir kaybi, dislerde oldugu gibi, histerezis ve
Foucault kayiplarindan olusmakta olup; degeri yukandaki bagintida hesap
edilir. Burada k isleme faktorii olup; degeri 1,25 olarak alnacaktir,
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ki, Ve kwb, magnetik akimin boyunduruk kesitine homojen olarak
dagilmis olmasim gosteren tashih faktorleridir. Bunlarin degerleri; i¢ ve dig
boyunduruk ve muhtelif ¢ift kutup sayilan i¢in stator boglufu capinin
boyundurugun dis ve i¢ ¢apina bagh olarak sekil 1.8 ve 1.9°da verilmigtir. Bu
sekillerden ky, = 1,05 ; kwp = 1,1 olmak alinmigtir.

0,5 mm. p; = 3,5 W/kg ‘lik bir sa¢ i¢in oy = 3,8 ; o, = 1,6 alinip,
boyunnduruk endiiksiyonu Bj; = 1 T oldugu gozoninde bulundurularak
boyundurugun 6zgiil demir kaybs,

50 50’
Py =125x% [1,05 x 3,8 x 100 +1,1x1,6 % (m) ] x 12

P, =125x(1,995+0,44)=3,04 W/kg

Stator boyundurugunun demir kaybu;

P,=p, x G, =3,04x556,7=1692,368 W

Bir iletkenin iletkenligi sarg: sicaklik derecesi arttikga duger.

Bunun ifadesi ise

20+ T
’?'r =2.20,, X T+ T

Bakir i¢in T =235, Ayp=57"dir.

Stator referans sicakhign 120° alindigina gore bu sicaklik igin bakir
iletkenligi

20+235

257X 2F2 40,043
120 * 120+ 235

=0,0244
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Sekil 1.8 kg, histerzis faktoriniin degisik ¢ift kutup sayilan igin D/Dg,
dolayisiyla D/D;;’e bagh degerleri
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a !
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Sekil 1.9 ky, Foucault akim faktériintin degisik ¢ift kutup sayilari igin

D/Dy, dolayisiyla D/Di;’e bagh degerleni
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Ortalama iletken uzunlugu

Lo =l Z, = 864 x 2.3585=2040,1

“ilethen ilethen *

Stator sargismin ohmik direnci

2040,1
= : =03 ¢
T3 axax76xigl R &

r, =0,014

Stator reaktanslarinin hesabi
Stator sargisinin dagiima iletkenligi;
I} h h
Ag="ky Ttk o5
0 q cu 3 b(, + \] bo

Burada k, ve ko diizeltme faktorler: olup; sekil 1.10°da y/t,’ye gore

degerleri verilmistir.

r -
09 z
“ __“ll 1] [ "4

08136 o4

@]

B4 l']’) F-—t 4 .
y bt "kV
W

x 05 oy

{ o _-.._‘4_(;/// -
Py auk

0.1 —bA

AN
N
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o

01020304 0506070809 10
YV ep — o

Sekil 1.10 Ug fazli sargilarda y/t, kiriglenmesine bagli olmak tizere ke,

ve k diizeltme faktorleri

y/t=10/12 i¢in ko= 0,88; k¢, = 0,92 dir.
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lyy fiktif stator uzunlugudur ve
lyy = Ly = Db =4935-9x025=47,1 cm
b nin degeri by = 11,5 mm. degeri icin by = 10 mm’ye ait egriden

b,=2,5 mm olarak sekil 1.11°den okunmustur.

_—

—_ N W B

I__.I
0 2 & 6 8 10 12 14 16 18 2002 24

Sekil 1.11 Oluk genigligi by ya bagh olarak indirgenmis sogutma kanal

genisligi b},.” ‘nin degerleri

Sekil 1.6°dan h; = 95,7 mm, h, =3,3 mm, by = 11,5 mm dir.

Buna gore
47,1 597 033
=—200.92 ~2 =
A= [0’9 Tx 15 088 1,15J

Ay =11775% (1,592 +0,252)=21,71

Stator sargisinin bobin bast dagiima iletkenligi,

A,y =043.1, &

lyy =10 - Ifopl

Burada I, iletken uzunlugu olup, Ly ise sa¢ paketinin cm cinsinden

toplam uzunlugudur.
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Halkalanma reaktansi

A _ L ﬁ __K;_
ha_rpx 'xﬂzxk‘.xkdxa'

Bu bagintida k; Carter faktorii, kg ise doyma faktoradiir. K degeri tablo

1.2°den y/t, ve q degerine gore segilecektir.

Tablo 1.2 Ug fazh sargilarda hava aralig1 dagiimasimin hesabinda

yararlanilan K katsayisinin muhtelif kirislenme (y/1p) ve q oluk

sayilarindaki degerleri

b Ug¢ Fazl:i Sargilar
q=2 /1, 1,0 0,835 | 0,66
K 0,0265 | 0,0205 | 0,0199
=3 | yr, | 1,0 | 089 | 078 | 066
K 0,0129 | 0,0103 | 0,0090 | 0,0097
q=4 y/tp 1,0 0,92 0,835 0,75 0,66
K 0,0082 | 0,0066 | 0,0055 | 0,0054 | 0,006l

k,=k,.k_, dir.

q=4,y/t=10/12 igin K = 0,004 bulunur.
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ko = 2,618—25:,661;1 <013 188

7, =%.b—§——1=%%’§- 1= 0,442

o =339 —3(;?32 <013 I8

k,=k,k, = k =1413 bulunur.
Buna gore;

AL, =31,41x41,8x;3—2—x 1’4132’?’054)( o3 =579

Asenkron makinanin toplam dagilma reaktansi ise herbiri yukanda ayn

ayr incelenen ii¢ dagilma bileseninden olusur.
X, =672 = w . (A, + A, +A,,)107"
P

50
X\, =16.7°. 51447 (21,71+ 68,46 +5,79).10”"

X, =523 Q

Stator boyundurugunun kismis magnetik gerilimi

Vi=1,.H, dir.

B;;=1 T i¢in sekil 1.6’dan H;; =4 A /cm okunur.

Ortalama stator boyundurugu kuvvet ¢izgisi yolu;
_mD,—hy) #(87-12)

Ly 2p 6
V,=41873x4=167,132 A bulunur

=41,873 cm

Hava araliindaki magnetik gerilim;
2V, =08xk_ xJxB; x10*
2V, =0,8x1413x0,13x 0,826 x10* =1213,823 A

Stator dislerindeki kayiplar;_
p1, 1 T"daki 6zgiil demir kayb1 olmak tGizere stator dislerindeki kayiplar
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Pa=125p,.B3,, =125%x23%x1,07535> =3313 W/kg
I)kdl = pdl‘Gdl = 3,313 X 244 = 808,41 W

Burada P;; sekil 1.12°den =50 Hz ve HI. Simf sa¢ i¢in 2,3 alinarak

islem yapilmigtir.
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Sekil 1.12 Muhtelif sa¢ nevileri i¢in 6zgul kaybin frekansa bagl olarak
degisimi

Stator ytizey kaybi hesabi;

2
T, —d
) xx 1) xuxkﬁ,xl,,
Tyt i

po= ky Nixn LS( T X B %k %< B
o~

> o000’ 0.l

0,5 mm.’lik sa¢ i¢in k¢=2.5, a,=2,5 mm. alindiginda sekil 1.13’den

ap2/d = 0,25/0,13=1.92 i¢in B-'=0.1 dir.

05
04 M
03 '//
e
02 //
‘ 0:1- A ’
/ L
0 i l
0 P A 6 8 10 12
-’-t).,ls

Sekil 1.13 B°nin by/d’ya bagh olarak Richter’e gore degerleri
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2
~ 3,2,58><1000),_5(3,24x0,1x1,018x0,826) 06x2018=L5 15704035

For = 2 10000 0,1 2618
P, =125x13968x 7,422 x 0,413

E geriliminin hesabi;

E=I.R+jX,-U,
=88.(0,819 + ;0,572).0,3 + ;.88.(0,819 + j0,572).5,25 - 2310
=26,4.(0,819 + j0,572) + j462.(0,819 + j0,572) - 2310
=21,621+ j15,1+ j(378 + j264,26) — 2310
=21,621+ j155,1 + ;378,37 — 264,26 - 2310
=-2552,643 + j393,47

|E|=2582,79 V
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1.2 Rotor Oluk Sekillerinin Boyutlandiriimasi

Bu bolimde degisik rotor oluk sekilleri igin bunlara ait esdeger devre
parametreleri hesaplanmigtir. Rotor sargisimn degisik tiplerinin, ozellikle de
yol alma momenti ve akimmnn etkilerini gormek amaci ile stator yapisi
korunarak 7 degisik rotor oluk sekli i¢in hesap yapilmistir. Bunlar yapihirken
toplam oluk yiizeyi, oluk sayisi, hava aralifn ve oluk agzi geniglifi sabit
tutulmustur. Her rotor tipinde rotor gubuklan ile kisa devre halkalan 6zgul
direnci ayni olan bakirdan yapilmigtir.

1.2.1 1. Makina Modeli Tanitimi ve Esdeder Devre Parametrelerinin Hesabi
Bu modele iliskin rotor oluk sekli sekil 1.14°de verilmigtir.

ot

11

41

Sekil 1.14 1. Modele iligkin rotor oluk sekli

Bu model i¢in rotor dis endiiksiyonlan bulunacak olursa,
bisein = (600 -2,6~28) = ~12,8=18,041 mm

bps = (600 = 2,6 — 55) gr‘tg ~64=2297 mm

b =Ty —2,5=29,99 mm

d2 max
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Buna gore ;
L Ty 40,35% 3,249 x 0,826
= . . B - = 1 53 T
Barme =7 foo ko Bz © 0.97%49,35x1,8041 2
L 40,35x 3,249 x 0,826
BdZorl = ; . Tz -Bo* = . x,, ” = 0,984 T

k- Ly bazon 0,97 x 49,35x 2,297

L, Ta _ 40,35x 3,249 x 0,826 ~0754 T

T8 0,97 x 49,35 % 2,999

By, = :
e kfe ‘ LTopI bdZ max

Bu endiiksiyonlara ait alan giddetleri ise sekil 1.6’dan Hgpmax = 8 A/cm
Hdzm=4,8 A/cm ,Hdzm'm =4 A/cm
Ortalama alan siddeti Simpson kuralindan

H +H, . +4H 8+4+19
Hdz,,,, = d2 max d26mm d2ort = 6 ’2 - 5,2 A/cm

Rotor dislerindeki toplam magnetik gerilim

W4, =2y xHy =2x52x52=572 A

Rotor ¢api
D,=D,-26=600-2x13=5974 mm

Rotor diglerinin agirligy;

[(D,Y* (D,-2h,)’
Gd2={”(2r) _(uo_z_) -N, ><[S-t—h(,2 xboz] xk, xL, xy, x10%

2

[ 9 2 _ 2
G, ={,, (595 4) _(59’7‘2‘ ”) ]—58x[4,76+0,2xO,25]}x0,97x40,35x7,88 x10°

G,, =203 kg
Rotor boyunduruk yiiksekligi h; ise Bj; = 0,843 T igin

A 0,0775

by, = k,xL,xB, 2x097x04035x0,843 174 mm

Rotor i¢ ¢api ise
D, =600-(2,6+2x55+117,4)=370 mm dir.

Rotor boyundurugunun lp uzunlugu, boyunduruk ortasinda olgilen

kutup taksimatina esittir.
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Zx (D, +hy)  zx(11,74+37)

1, o . =2552 cm

Rotor boyundurgunun kismi magnetik gerilimi gekil 1.6’dan

B;;=0,843 T i¢in H;;=4,2 A/fcm ve

Vip=l,xH,=42x2552=107,184 A

Rotor boyunduruk agirhg ;

2
D, +h,Y (DY i
(——"G—E——l——) —(—-é'i';-) xwxky %L, xy, %107

2 272
= [M) - (32) ] x 7 x 0,97 x 40,35 x 7,88 x 1073 = 243827 kg

2 2

Rotor reaktanslarinin hesabi
Rotorun dagilma reaktansi
Rotor yiizeyi sabit tutularak makina eydeger devresine gore endiktans

degeri hesaplanacak olursa

Rotor oluk ylizeyi Zh: 57,73mm bulunur. Rotor oluk genigligi

> =83 mm bulunur.

h R
=
"2 =35 b
burada h;=57.753 mm h,=2 mm by;=8,3 mm

57,753 2
= 3 8’3 + 8’3 —2,56

Ag =1y X Ay = 2,56 % 47,1= 120,576

Bobin bag1 dagilma iletkenligi

Ay = X T, X g dir.

2px my
Halka yiiksekligi hy=60 mm; b;=29,518 mm dir.
y=0,223x (b, + h,)=19,962

197
X m——= H » ege
A ~ 19,962 9,868 ve gy, sekil 1.15°ten 0,27 segilir.
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Sekil 1.15 Kisa devre kafesli rotorun bobin basi dagilmasinin tayininde

faydalanilan gy, faktorii

58
Ay, = -6—;‘3: x31,4x0,27=2732

Kisa devre kafesinin hava aralifn veya ¢ift halkalanma dagilma
iletkenligi

Z, m, Z'pxl,ixK
Ap=o—2—x b2
k" 2pxm Atk xky;x6

Burada K degeri tablo 1.3’ten Z% p= 5% icin 0,0085 olarak okunur.

A 58 3 31,41x40,35% 0,0085
=———X "5 X

™ 6x3" g? 1,413%x1,5% 0,13

A,, = 38293

Buna gore

X =08 77 X f x (A + Apyy + App) x 107
X,, =08 x 77 x50 x (120,576 + 27,32 + 38,293) x 10~*
X,, =735x10" Q
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Primere indirgeme faktoi

Pratik hesaplar igin kisa devre kafesini faz sayisi oluk sayisina esit olan
cok farkh bir sarg gibi diisinmek hesaplarda kolaylik saglar. Boylece my=N,,
w,=1/2 ve kisa devre kafesinin sargi faktorii £=1 olur. Bu kosullarda ¢ubuk
akimi ve gubuk EMK’i aym zamanda sekonder sargi akimi ve sekonder sargi
EMK’i olur.

Buna gore

= 4(%2)("’1 5 )2
ii= 4 ¥4g)(144 x 0,924)° = 362,87

X! =i.X,, =3662,87x735x 10 =2,692
X, 2692

Rotor direncinin hesaba ;

) D, xN )
ck ha 2
= X +
Ka=p (qfk 2% p* X gy,

Rotor referans sicakligi 150 © C alindigindan bakirin 6zgiil direnci bu

sicaklik i¢in hesaplanacak olursa

20+7 204235

1
p=——=0,0264
Ar
0593 0,477 x58 ) s
R, -0,0264x( 476 T om0 1771L) M= H9X107 0
R, =0,0161 ; r; =0,00752

Magnetik devrenin magnetik gerilimi;

B cndovrs =ZV=2VJ +2W + 2V vV, 4V
=2x1213,823+ 67,2+ 57,2+ 167,132 + 107,184
=2826,36 A
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Miknatislanma akiminin efektif degeri;

;- px2V  3x282636 36 A
FT09xm xw, xE  09x3x144x0924 T

IE| 258279
X,,,-I”_ g =194 0

X, 10944

=Zm_ 2" -7276 bulunur.

Tm ="y =54 270 bulunur
Stator dagilma faktori

Xy x1 X 523
o =— "t =l B __ 00477

U -X, x1, X, 10944

7, =1+0, =1,0477
Tashihli L esdeger devreden s=1 igin kalkis akim
T, xU,

"R+ X2

R, =7,.R, + 2. R, = 1,0477 x 0,3 + 1,0477 x 0,161=0,491
Xy =1,.X,, +12. X, =1,0477 x 523+ 1,0477° x 2,692 = 8,434

JRE + X2 =8,448

_ 10477 x 4000

/

=" 3 8448 =859,148 A
Yol alma momenti
60 Ul xR;
“ogxn ><(Rl+rl x Ry)* + X
60 2310% x 0,161

M, = 3 = 344,934
% = 221000 > " (03+ 10477 0161) + 84347 - e34 Nm

P”=Mah,w = Mm=_”'_—_—=4774’64 Nm

Yol vermedeki iyilik derecesi

_ My, /My 344,934/4774,64
8 1 /ln | 859,148/88

=0,0074
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Devrilme momenti

2
M@ =—*———50 Xﬁx U]
2zxn 2 [tlxR1+\/(f1xR1)2+X12<]
50 3 23107

Mpy=——T"""x—x
® 7 2xx1000 " 21,0477 x 0,3+ (1,0477 x 0,3)? + 8,434
Mg, = 7275965 Nm

R, 03

= =00581 = ¢, =86,668
R2+x2 8448 .

Cos ¢y =
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1.2.2 2. Makina Modeli Tanitimi ve Esdeder Devre Parametrelerinin Hesabi

Bu modele iliskin rotor oluk sekli sekil 1.16’da verilmistir.

117.%
1178

||

Sekil 1.16 2. Modele iligkin rotor oluk sekli

_ 6007 —58x4

To 58 +4=32,499 mm

bd2 min = (600 - 2:-6 - 23976) % -4= 15,38 mm

b, =(600-26-1 19,8)% ~4=218 mm

b =Ty —2,5=2999 mm

d2 max
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Dis endiiksiyonlar ise;
40,35 x 3,249 x 0,826

L 7,

B. = 2 g - =1472 T
P R e Ly biymn © 097x493x1538
L, Tor 40,35 x 3,249 x 0,826
N B =— > ——— =1,0358 T

Baron kg Ly Bazon By 097 x493x2,186 °

L 40,35 x 3,249 x 0,826
BdZnnn = I L -Ba‘ =— a ,24 x 0.8 =0,755 T

Ko Lot Buts e 0,97 x 49,3 x 2,999

Bu endiiksiyonlara ait alan giddetleri ise gekil 1.6°dan Hyomax = 15 A/ecm
Hpoi=4,5 A/cm ,Hpmin =4 A/cm
Ortalama alan siddeti Simpson kuralina gore;

Hpoax t Hipoin +4Hg30n  15+4+18

P = 5 =6,16 A/cm

HdZorI =

Rotor dislerindeki toplam magnetik gerilim
2, =21, xHy =2x11,98x6,16=147,753 A

Rotor reaktanslarinin hesabi

Rotorun dagiima reaktansi

hy 1175 2

- - — 15,66+ 0,8= 16,466
3, by 3x25 25 06+08=16,

Ay, =1y, x A, dir. Burada lyp, degeri statorun ly; degerine esit alnr.

Dolayisiyla
Ay, =16,466 x 47,1 = 755,548

Bobin bast dagilma iletkenligi

Ay, = x T, x g, dir.

2p % ml
gy buyuklagu %ve % ‘e bagli olarak sekil 1.14’ten 0,06 olarak

okunmusgtur.
y=0223x(b, +h,) dir.
Burada b, ve hy cm olarak halka genigligi ve halka yiiksekligidir.

Ortalama halka ¢ap1
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D,, =600~ (2,6+220)=3774 mm
hy=220 mm=22 cm; b,=8,05 mm=0,805 cm dir.

y=0,223 x (22 + 0,805) = 5,08

Makina boyutlarina tekabil eden x uzakiigt 127 mm=10 cm

12,7

x = = 2
¥ 50820
7,/ 3141 _
=" =314

Sekil 1.15’ten gy, = 0,06 olarak bulunur. Bu durumda

58
Abbz = m X 31,4 X 0,06 = 6,07

Kisa devre kafesinin hava aralifi veya ¢ift halkalanma dagilma
iletkenligi
Z, m, 7,X L, xK

h"=2pxml x;z—x k,xk, xo

A

Burada K degeri tablo 1.3°ten Z% p= 5% i¢cin 0,0085 olarak okunur.

A 58 3 31,41x40,35x 0,0085
=—— X5 X
b 6x3" #z° 1,413x1,5% 0,13

A,, =38293

Buna gére
Xe =08%x 7% x fx(Agy + Ay, +A,,,)x1078
X,, =08 x 7° x50 x (755,548 + 6,07 + 38,293) x 107
X,, =31,579x10™* Q
X,, =1156 Q
x5, =0,769 bulunur.

Rotor direncinin hesabs ;

ld.+ D,, xN, ]
4 ok 27rxp2tha

R2=px(



31

R,=0155 ; 1,=0,0072
Rotor dislerinin agirhig;

Rotor cap1
D,=D,-26=600-2x%13=5974 mm idi

_ \ .
(%) —_(Dr 22]792) ]"Nz"[S’fhoz><boz]}><kﬁzxL,><J’F¢><10'3
|

-~ 2 2
{ (59,74) _(59,74 23,96] ]_ Bx[476+02x 0,25]}xo,97x 4035x7.88 x10°

2 2
G,, =46834 kg
Rotor boyunduruk yiiksekligi h; ; rotor boyunduruk endiiksiyonu

Bj;=0,843 T alindiinda;

74 00775

B = i XL, xB,  2x097x04035x0843 | ¢ mm

Rotor i¢ ¢api ise
D, =600—(2,6+2x1198+1174)=2404 mm

Rotor boyundurugunun lj; uzunlugu, boyunduruk ortasinda olgilen
kutup taksimatina egittir.

ax(D, +h, '
I, = (D, ,2)=7r><(24,04+11,74)=18’734 om
2p 6

Rotor boyunduruunun kismi magnetik gerilimi gekil 1.6’dan

Hj2=4,2 Alcm 1¢;m
Vap=1l,xH;=42x18734=78,682 A

Rotor boyunduruk agirlifs ;

2
D, +h,\* (D,)’
sz—.:[( i ’2) -—( "‘)] XXk xL, xy,x107

2 2

degerler yerine yerlestirilirse,
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2 272
G, = [( 24’042‘“ 1 1’9) - (24504) } x 7 % 0,97 x 40,35 x 7,88 x 10~

G, =17275 kg
Magnetik devrenin magnetik gerilimi;

Oramdore = 2V =25 + 2y + 2 +V, +V,
=2 x1213,823 + 67,2 + 57,2 + 147,753 + 78,682

=2778481 A
Miknatislanma akiminin efektif degeri;
- px2V  3x2778481 22 A
“T09xm xw, x & 09x3x144x0924
E| 258279
X, == 11327 Q
=T, 232 ’
X, 111327
=lm 74 .
X X, " 1504 4 bulunur
Stator dagilma faktorii
X, 523
=le - 0,0469
9=X Tz

7, =1+ 0, =1,0469

Tashihli L esdeger devreden s=1 igin kalkis akim

I, = 7, x U,

Ry =1,. R, + 1. R} =1,0469 x 0,3+ 1,0469% x 0,155 = 0,483

Xy =1.X,, +1.X,, =1,0469 x 5,23 + 1,0469% x 11,56 =18,14

1,0469 x 4000
=2————2=133196 A
Y3 x18151
RK °
=0,0266 = ¢, =88475

Cos @y = ——Kee
R+ X2

Yol alma momenti
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Ul xR]
Mdy: 0 xmy x 'xfzz 2
2z xn (R +7, xR) + X
60 2310% x 0,155

M, = 3
& T 22x1000 " " (03 +1,0469 x 0,155) + 18,142
M,, =71,960 Nm

Yol vermedeki iyilik derecesi

_M,, /My 71,960/4774,64

- = 0,0099
/1. 133196/88
Devrilme momenti
50 m, U}

d):o X—X
27xn° 2 o xR (7 x R)? + XE |

50 3 23102

M. = X =X
P 727 %1000 2" 10469 x 0,3+ /(1,0469 x 0.3)° + 18,14°
Mg =3451,03 Nm
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1.2.3 3. Makina Modelinin Tanitimi ve Esdeder Devre Parametrelerinin

Hesabi

Bu modele iliskin rotor oluk sekli sekil 1.17°de verilmistir.

i-lx
L

R R

4
R ey

—

Sekil 1.17 3. Modele iligkin rotor oluk sekli

Dis genislikleri

bsmin = (600 — 2,6 — 35.6) % ~128=17,63 mm

bl =(600—2,6—15.7) % ~4=275 mm

bl = (600 - 2,6~ 31,4)% ~2=2865 mm

b =(600—2,6-(14,95+4+117+ 2))% ~14,95=15,63 mm

Buna gore dis endiiksiyonlarn
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L, 7y , _4035x3249 x 0,826
Tkl by ° T 097x493x%2,75
L 7y, 4035x3249 x 0,826
T kgL b0 097x493x2,865
L 7, 4035x3249 x 0,826
C kg Lp, b 097x493x 1563

=0,821

T

=079 T

=1448 T

Sekil 1.6°dan bu endiiksiyonlara ait alan siddetleri ise Hy' =4.2 A/cm

Hp'=4,1 A/em ,Hg" =10 A/cm
Rotor dislerindeki toplam magnetik gerilim
W, =2(1), x H), +1, x HY, +15 xHE)
2V, =2x(4,1x13+04x4+4,1x10)=9586 A

(D, =600-(2,6+2x117.4+117,4)=2452 mm alinmigtir.)

Buna gore;

1= %(34,52 +11,74)=18,985 cm

Rotor boyundurufunun kismi magnetik gerilimi

Bj=0,843 T i¢in Hj;=4.,2 A/cm degeri ile
Vao=l,xH,=42x1898=7594 A

Rotor boyunduruk agirhg ;

2452 +11,74\° (24,52
G,=||————] -

2 2
G,=172838 kg bulunur.

Rotor diglerinin agirhg)

2 2
e

2 2

2
D, +h,\* (DY
G, = ( "¢2 jzj —( 2‘) j’ XXk x L xy,x107

sekil

1.6’dan

272
) ] x %097 x 40,35 x 7,88 x 107°

2 2
Gym { A{( 59,74) _ ( 59,741 '-74) }_ 58x[4,76+02 x 0,25]} x 0,97 x 4035% 7,88 x10°

G,=22142 kg
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Rotor reaktanslarinin hesab

Bu kisimda ¢alisma kafesinin esde@er sekli ¢ikartilacak ve bu rotor
sekline ait reaktanslar buna goére hesap edilecektir. Esdeger sekil bulunurken
caligma kafesinin ylizeyi sabit tutulacak olup; genisligi ise 4 mm. alinacaktir.
Boylelikle diger makina modeli ile karsilagtirma yapma imkam daha da
kolaylasacaktir.

Yol alma kafesinin dagiima reaktansi

h, h, 1,7 2
3, b, 2 25

ey =1,775

Ay, =4331

Bobin bag1 dagilma iletkénligi

VA .
Ays =——x1, X g, dir.
2pxm *

gy biyikliigi yyve ’% ‘e bagl olarak sekil 1.14ten 0,36 olarak

okunmustur.
y=0223x (b, +4,) dir.

Burada by, ve hy cm olarak yol alma kafesinin halka genislii ve halka

yiiksekligidir.
hpg =25 mm ba=7,3 mm
hy; =75 mm by =21,18 mm

Dy =547,4 mm Dy =572,4 mm
y=0,223%x(25+7,3)=7,2 mm=0,72 cm

x=20,2 cm

x/ _ 7,/ _ 3141
%, =2805 =303 =15
Buna gore

8
App = 2%3x3 x 31,41 % 0,45=45,54

Yol alma kafesinin reaktansi
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X,, =08x % x50 % (4554 +4331)x10°=35x10" Q
Caligma kafesinin dagilma reaktans:

hy hy hy by,
fa =0, e, T,

2 11,7 108,137
,%0,=5,—5+ 2 + T +2=14,736

Ay, = 14,736 x 47,1 = 694

Bobin bagi dagilma iletkenligi
y=0223x(75+21,18)=21,448 cm=2,1448 cm

x=20,6 cm idi.

x/ _ 7,/ 3141
A_9,6 f =506 = 1524

Dolayisiyla sekil 1.14’den bu degerler igin 0,27 degeri okunur. Bu

durumda

58

2—)(3x—3 x3141x0,27=27324

Abbz =

Calisma kafesinin reaktansi

)(Za' = 038 X 7[2 X 50 = (AOI + Abbi) x 10_8

X,, =08x * x50 x (694 +27,324) x 107 =28479x 10 Q
Halkalanma reaktansi

Z, m 7,xL,xK

= X 3 X—m——m——

2pxm, #m° k xk;xé
_ 58 5 3 5 31,41 x 40,35 x 0,0085
e~ 9%x3x3" 72 1,413x 0,13%x 1,5

ha

A

= 38,293

X,, =08x 7% x fxA,, x107
X, =08x 7% x50x38293x10° =1511x10"* Q

Yol alma kafesinin direnci
l D
Ry, =px(¢—d+—'d—f&—-) x 1,1
Gea 27X P X{y
Yukarida denklemden gorilecegi gibi burada lehim yerleri igin

% 10’luk bir ilave dirence eklenmigtir.
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0579 0572 x 58
- - = 4526 % 10~
468 27 x9x 182,5) 526107 0

0579 _ 0547x58
432,55 27 x9 x 158856

R,;, =0,0264 x L1 x (

R, =0,0264 x 1,1 x ( ) =4912x107° O

R, =R, +R,; =4,526x 107" +4912x 107 =5,0172x10* Q
Cift kafesli ve kisa devre halkalar1 bagimsiz rotorun bileske ohmik
direnci ile bileske dagilma reaktansini agagidaki bagintilardan hesap edebiliriz.
R,.R, R, +s*(R;. X% +R,.X%)

s R? +s2X2
v Rj.Xa.+R,2.Xd+s2X,,.XW,.Xd
A2aris) = 3, 2v2
RS +s°X,,

X, =X, +X,, =35x10 +28479 x 10~ = 31,979 x 10~

_456x4912x5012x107° +4,526x 10 x 28479 x10°* +4912x107° x3 5 x10°*
R = (5OI2x107* Y +(319P %107y

_11154x10™° +367082x 1072 +60,172 x 10°™°

- 25717x10°% +1022,65x10°

_ 5387410

1048367 X107
v - (4,526%107*Y x (28409 x107 +35x107)+319Px 107 x35x 10~ x 2849 x 10™*
T 1048367x10°

=051393x107* =5139%x10° Q

X,, =3665x107" Q
Xpo = Xpo + X3y =3,665x107 +1,511x 107 =5,176 x 107
X,, =189 x,, = 0,126
R;=0,188 ; r, =0,0087
Magnetik devrenin toplam magnetik gerilimi;

Oramiore = D,V =2V + 2V, +2V,, + Vy+V,
=2 x1213,823 + 67,2 + 9586 + 147,753 + 75,94
=2814,399 A

Miknatislanma akiminin efektif degeri;
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, o PX2V _ 3x28143%9
FT09xm xw x&  09x3x144 x 0,924

=235 A

=t —=——=1099 Q
=T, T 235 ’
X
=—>==7,3 bulunur.
Am X,
Stator dagilma faktori
X, 523
=Zle o 227 _ 00475
%=% “l099 =20

7, =1+0,=1,0475
Tashihli L esdeger devreden s=1 i¢in kalkig akimi
7, xU,

1 =—F—7——=
YR X2

Ry =17,.R, + 7. R, =10475x 0,3 +1,0475% x 0,188 = 0,52
Xp=1,.X,, +12. X}, =10475x 523+ 1,0475% x 189 = 7,55

_ 1,045 x 4000
= 37567

Yol alma momenti

=319,69 A

Ul x R,
= ogxn M (R +7, xR)* + X}
M. = 60 3 2310% x 0,188
¥ 27 x 1000 (0,3 +1,0475 x 0,188)* +7,55°
M, =501,99 Nm

M

Yol vermedeki iyilik derecesi

_ M, /Ma 501,99/4774,64

= =0,0289
N 319,69/88
Devrilme momenti
50 m U?
Mg = —+ ’
D oxxn 8 X

2 ['rl xR, + (7, xR)’ +X§.]
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50 3 2310°

=X — X
P 27x1000 2 1,045 x 0,3+ /(1,045 x 0,3)° + 7,557
M 5, =8093,38 Nm

R,
K =00687 = @, =86,06"

Cos oy =—F7————
fJR X2



-l

.2.4 4. Makina Modelinin Tanitimi ve Esdeder Devre Parametrelerinin
esabi

y

Bu modele iligkin rotor oluk sekli sekil 1.18’de verilmistir.

na 2

1+
4y

32.8

Sekil 1.18 4. Modele iliskin rotor oluk sekli

Yol alma kafesinin halka biyiiklikleri
bpg =25 mm hpga =7,3 mm
Caligma kafesinin halka biyiiklikleri
hy,=21,18 mm by = 75 mm
Dy =526,22 mm Dy =572,4 mm
Dis genigslikleri;

b., =(600-2,6- 15,7)% ~4=275 mm
bl = (600 -2,6- 31,4)5”5 ~2=28657 mm
bl = (600 - 2,6~ 69,2)% ~12,8=1581 mm

Oluklar arasinda kalan degisik kisimlardaki ortalama endiiksiyonlar.
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, L Ty , _4035x3249 x 0826

B, = 2 B = =0823 T
2 kg Lpy b, C 097x493%2,75 ’
L 40,35 x 3,249 x 0,826
B‘:’,z_—_k 3 ZTMT 8= 0;7xx49;3x;8,6857 =079 T
Jor “Topl d2 kd b4 2
B = L tu , 4035x3249 x 0,826 42 T

Kg-Lpy b %7 097 x49,3x1,581

Sekil 1.6°dan bu endiiksiyonlara ait alan siddetleri ise Hyp' =4 A/cm
Hyp'=3,8 A/em ,Hgy" =150 A/cem

Rotor dislerindeki toplam magnetik gerilim

W, =21, xHy +15, x HY +17 x HY)

2V =2x(4x137+04x38+336x150)=1022 A

Rotor boyundurugunun |, uzunlugu, boyunduruk ortasinda olgiilen
kutup taksimatina esittir.

. zx(D,. +h,)

2= 2 idi.

Boyunduruk endiiksiyonu B;j,=0,843 T igin Hj,; sekil 1.6’dan 4 A/cm

okunur.

D, =600-(2,6 +103+117,4)=377 mm

7 % (377 +11,74)
I, = -

=25,88 cm
Vio=1,%xH;,=4x2588=103,54 A

Rotor boyunduruk agirlig: ;

D, +h,) (DT
sz= > - 5 ><7rxkﬂ><L,.><yﬁ><10'3

2 27]?
G = [(3_7%) _ (3;’7) ] x 7% 0,97 x 40,35 x 7,88 x 10”7

G, =212887 kg
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Rotor dislerinin agirhgy,

(DY (D,~2h,)’
Gy ={7I (—2—') —(;2—2@) :l—N2 ><[S+h,,2 xbm]}xkfe xL, x yp, x10°

3 2 2
Gy = {n (59;74) - (5 %74 22 X313 ) ]—58 x[4,76+02 0,25]} x 0,97 x40,35x 7,88 x10°
L

G,, =185401 kg

Rotor reaktanslarinin hesabi

Yol alma kafesinin dagilma reaktansi

kg b, 117 2

A=y 3 =12 T2s

=1,775

Ay, =1y, x Ay, idi. 1)=47,1 cm i¢in
A, =836

Bobin bas1 dagilma iletkenligi

Aprl= x T, x g, dir.

2p x m

gvy buyukligi %,VC r% ‘c bagh olarak sekil 1.14’ten 0,42 olarak
okunmustur.
y=0223x (b, +k,) dir.

Burada by, ve h, cm olarak halka genigligi ve halka ytiksekligidir.
y=0223x(73+25)=72 mm=0,72 cm

v £/ 341 _

¥, =684 f =Ta3 = 1627
58

Abbz = 6_6 X 31,4 X 0,42 = 42,5

Yol alma kafesinin reaktansi

X, =08x 7% x f x(Apy +A,,;)x107
X,, =08x 7 x50 x (83,6 +42,5) x 107
X,, =4978x10" Q



Calisma kafesinin dagilma reaktansi

hy P B 117 4 338

U

7o =25, % T3, 2x4 T2V 3128

=433

Ay =1y x Ay, =47,1x 4,33=203,943
Bobin bagi dagilma iletkenligi
y=0,223x (b, +h,)=0,223(75+21,18) =21,448 mm=2,1448 cm

. 3141
x=189 cm igin %=8,18 /- oo

=1,66
Dolayssiyla sekil 1.14’den gy, = 0,22 okunur.

58
A =g 3 % 3141x022=2225

A,, =38293

Calisma kafesinin reaktansi

X =08% 7% % f x (g + Ay, ) x 108

X, =08x " x50x (201,943 +22,25)x 107*

X,,=885x10" Q

Makinanin buytkliiklerinde degisiklik olmadifindan burada da 6nceki
boliimlerdeki deger kullanilacaktir.

Yol alma kafesinin direnci

I D, xN
R2d=px(“’+ na > Y Jxl,l
Ga 27Xp° xXq,

R, =0,0264 x 11 x (0,579 0,572 x 58 )

468 27x9x1825
R, =4526x10~ Q

0,579 s 0,526 x 58 )
432,64 T 27 %9 x 158,56
R, =4811x10° Q

Ry, =0,0264 x 1,1 x (

R, =R, +R,, =4526x10™ +4,811x10° =5x10~ Q
X, =X, +X,=4978x10" +885x 10~ =13,828 x 10™*

Cift kafesli ve kisa devre halkalar1 bagimsiz rotorun bileske ohmik

direnci ile bileske dagilma reaktansi s=1 igin
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R, R.R,+R, X2 +R, X2
- R? + X2
RLX RN X, XX,

X, =
R} + X2

207

_ 4526x4811x5x 107 +4,526x 10 x(885x10™Y +4,811x10° x(4978x10™*y*
k= (5x107) +(13828 x 107
_ (4526x10°'Y x885x 107 +(4811x10™*) x4 979 x 10™* +4,978 x885x 13828 x 107>

a?c

(5x107*Y +(13828x10™Y
_ 108872x10°° +354.487 x 1072 +119,218x 10°"
B 216213x10°®

¥

263538x 1072 .
= =1218x10™

B = Si6amx10° - 218x107 Q

_ 181,289x 102 +115219x 107 +5854 x 1072

B 21621310

Xow

7678411072

= DB 3554104 O
= = 16213x10°

Xyp =Xy + Xy, =3551x 107 +1,511x 107 =5,062 x 107

X, =13 x,, =0,0864

R, =00446 ; 1, =0,002
Magnetik devrenin toplam magnetik gerilimi;
Ormiome =2V =25 +2W gy + 20, +V, 4V,

=2x1213,823 +67,2 + 103,54 + 147,753 + 1022
=3768,139 A

Miknatislanma akiminin efektif degeri;

_ pxXV  3x3768,139
“T09xm xw, x & 0,9x3x 144 x 0,924

E| 258279
X, =250 081 0
w = 31466

u

=31466 A

Stator dagilma faktori

7, =1+0, =1,0637

Tashihli L esdeger devreden s=1 igin kalkig akimi
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J 7, x U,
lk ,/Rf. + X2

Ry =1,.R, + 7. R, =10637 x 0.3+ 1,0637* x 0,466 = 0,823
Xe=1.X,, + 18 X}, =1,0637 x 523 + 1,0637% x 1,3="7,034

1,0637 x 4000

I, = = 346,865 A
T 37082

Yol alma momenti
(/12 X R2
= X ;
2exn (R T, xR+ X}
60 2310° x 0,446
M, = x3x 2 2
Y 2 x 1000 (0,3 +1,0637 x 0,446)° + 7,034
Mdy =1361489 Nm

dy X m

Yol vermedeki iyilik derecesi

My /My 1361,489/4774,64

Y =0,0723
S 346,865,388
Devrilme momenti

50 m U}

My, =

— X X
2rxn 2 [rlxR,+\/(r, xk,)=+X§,]

50 2310°

3
M, =—>2 2
D=5 1000 2

M, =86538 Nm

1,0637 x 0,3+ 4/(1,0637 x 0,3) + 7,034

R, 0823

Cos @, = =
BT kv xz 7082

=0,1162 = ¢, =83326"
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1.2.5 5. Makina Modelinin Tanitimi ve Esdeder Devre Parametrelerinin
Hesabi

Bu modele iliskin rotor oluk sekii sekil 1.19°da verilmistir.

=
&
S
!
|
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4

12.8
e e

Sekil 1.19 5. Modele iligkin rotor oluk sekli

Yol alma kafesinin halka biytikliakleri

bna =9.125 mm hpga =20 mm
Calisma kafesinin halka bayuklikleri

h;; = 50 mm by = 31,7712 mm

Dis gemisliklert;

bly = (600 - 2,6 - 11,718)3% ~7,718=24 mm
bl = (600 — 2,6 — 23,436) ‘gﬂg ~2=29,08 mm
bl = (600 2,6 - 61,236)—5-’% ~12,8=16241 mm

Buna gore dis endiiksiyonlan
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L 7y . 4035x3249x 0826

B, = —=.B; = =0943 T
2 kg Ly b 0T 097x493x24
L 7 40,35 x 3,249 x 0,826
H = i ._i_‘ = 2 » s —_ 7 8
Baz kg Ly, b °  097x49.3x2908 0778 T
B < L 1o , _4035x3249x0826 1394 T

kg Lpy by "% 097 x49,3x1,624

Sekil 1.6°dan bu endiiksiyonlara ait alan giddetleri ise Hyp' = 4,5 A/cm
He'=3,5 A/em ,Hp" =75 A/cem
Rotor dislerindeki toplam magnetik gerilim
2V, =2y x Hy +15 x HY +15 x HY)
2V, =2x(4,5%x0,97+35x04+75%3,38)=518,53 A
zx(D, +h,)
2p

7 x (384,964 +11,74)
Iy = -

1,

=263,03 mm

Rotor boyundurugunun kimsi magnetik gerilimi sekil 1.6’dan

Hj=4.2 A/cm okunur.
Vp=l,xH,=42x263=11046 A

Rotor boyunduruk agirligi ;

(D, +h,) (DT
sz—( = J‘J ——( ,1;) J XXk x L xy, x107

2 2

( 3849 + 9,516)2 ( 38,49
2 2

2 2
) ] x %097 x4035x788x10
199,267 kg

G

J2

Rotor diglerinin agirhiy,

[/ D.)? D, -2h,)’
(2') _(I_Z——ZJ ]—NzX['S"’l"uz"bOZ]}kaeXL:'"J’Fexm-3
L

(59,74 (59,74-9,516)’
G&={7t( 5 )—(5’ > 2 )]—58x[4,76+0,2xO,25]}x0,97x40,35x7,88 x10°

G, =167426 kg
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Rotor reaktans degerinin hesabi

Yol alma kafesinin dagilma iletkenligi

A 0,66+ = 0,66+
AT T T 25

= 1,46

Ay, =471x 1,46 = 68,766
Bobin bas1 dagilma iletkenligi

z
Moz =5 o o % o X 8o y=0223x(by, +hy)
d=20 mm hhd=9,125 mm

y=0223x (b,, + h,,) "de degerler yerine konulursa, y=6,494 bulunur.
x,=18328 mm oldugundan

Y/ _ x/_
A =1,713 Y= 2,822

Sekil 1.14’ten g,,=0,10 bulunur. Boylece ;
58
Aoy = 3% 314x0,10=10,12

Yol alma kafesinin reaktansi

Xpot =08 x 7% x f x(Ayy +Ayy) x107°
Xy =08 x 7° x50 x (68,766 +10,12) x 107°
X,, =311x10" Q

Calisma kafesinin dagilma reaktanst

h, h 4 338
—08+- Lt l=084— 4
A =084 =08 v  0e

8

Ay, =1y x Ay, =471 x 3,68=173328

=368

Bobin bagsi dagilma iletkenligi

y=0223x(b, +h,)idi. b,=31,7712 mm ;  hy=50 mm
i¢cin degerler yerine konursa

y=0.223(5+3,177)=1,823 cm

. 3141
x=19128 mm igin %} =1049 P ARELLNRYY)
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Sekil 1.14°den gy, = 0,28 okunur.

Bu durumda bobin bas: dagilma iletkenligi

N,
Ay _Zmel XT, X 8

58 .
Ay =—6—x—3 x31,41%0,28=2833

Caligma kafesinin reaktansi

X,m =08x 7% x fx (A, +A,,)x107°
X, =08x 7 x50x(173,28+2833)x107*
X, =7961x10" Q

Faz bagina yol alma kafesinin ohmik direnci
D, = 600 — (0,26 + 20) = 579,74 mm
Rotor kafesinin direng ve endiiktans degerleri

Yol alma kafesinin direnci

1 Dy x N,
R,, =px(¢_"+___"*">;_~___} x 1,1
ch 2” xp X qhd

0579 0,579 x 58 )
468 27 x9x1825

R,, =4537x10™ Q

Ry, =0,0264 x 1,1 x (

Caligma kafesinin direnci;

la D, xN,
R, =px[—¢d—+——m>§_—‘J x 1,1
qa 27rxp°xq,

0,579 . 0,509 x 58 )
43255 27 x 9 x1588,56

R, =4841x10° Q

Ry, =0,0264 x 1,1 x (

R =

2 R*+ X2
v - R X+ REX g+ X, X0 X,
o2 R+ X2

R =Ry, +R,; =4537x107 +0,4841x 10~ =5021x 10~ Q

X, =X+ X, =311x10" +7,961x 10 = 11,071 x 10~
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4,537 x 048415021 x 107 +4,537 x 107 x (7,961 x 107 ¥ +04841 x 10™ x(3,11x107)°
- (5021 x 1072 +(11,071x 107*Y
(4537 %107y x 7961 x 107 +(04841x 107y x311x 107 +11,071x 7961 x311x 102
S = (G01x 1072 +(1,071x 107*Y
1,027 x 1075 +287,543 x 1072 +-4,682 x 1072
= 14777 x10°
R, =1985x10" Q
163872 x 1072 +0,728 x 1072 +274,1 x 1072
- 147.77x10°
X, =2968x10% Q

Vo

Xyo = Xyg + X =2,968 x 107 +1,511x 107 =4,479 x 107
X,, = 1,64 x,, =0,109

R, =0751 ; 1, =0,0349
Magnetik devrenin toplam magnetik gerilimi;

6

rundevre

=D V=2, W, + W, +V, +V,
=2x 1213823 + 67,2 + 518,53 + 147,753+ 110,46
=3271,589 A

Miknatislanma akiminin efektif degeri;

;o px2V  3x3271589 -
FTO09%m xw, xE 09x3x144%x 0924
E| 25879
20577 94538 Q

"y, 2132 o

Stator dagilma faktori
X, 523

e 222 00553

ST Y Tog538

7, =1+0, =1,0553
Tashihli L esdeger devreden s=1 i¢in kalkis akimi
7, xU,
VRE + X2
Ry=71.R + T,Z.Ré =1,0553 x 0,3 +1,0553% x 0,751=1,152
X,=1,.X, +7. X, =10553%x523+1,0553% x 1,64 = 7,345

[|k=
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/- 1,0553 x 4000 _ 327788 A
W 3x7435 0 T
Yol alma momenti
60 [} x R,
M, = X iy X L2
2z xn (R +7, xR + X
60 2310° x 0,751
M X

&y = X 3 x - 3 3
22 x 1000 (0,3+1,0553x0,751)" + 7,345
M oy = 2081943 Nm

Yol vermedeki tyilik derecesi

M, /My 2081,943/4774,64

y = = =01
N 32778888 - o417
Devrilme momenti

2
My = M, Y

2xm 2 o xR+ (s <R+ XG |
50 3 23107

Mg,

= X —X
27 %1000 21,0553 x 0,3+ /(1,0553 x 0,3) + 7,345
M, =8306,155 Nm

Ry 1,152

Cos @, = =
y JRE+ X2 7435

=0154 = ¢, =81,086°
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1.2.6 6. Makina Modelinin Tanitimi ve Esdeger Devre Parametrelerinin

esabi
Bu modele iliskin rotor oluk sekli sekil 1.20°de verilmigtir.

ny

21102y

Sekil 1.20 6. Modele 1liskin rotor oluk sekli

Yol alma kafesinin halka biiyiikliikleri
bpg = 7,3 mm hpg =25 mm
Calisma kafesinin halka biiyiikliikleri
hy =75 mm by =21,18 mm
Dy =472,4 mm Dyua=572,4 mm

Faz bagina yolalma kafesinin ohmik direnci; % 10 lehim yerleri igin

ilavelerle birlikte.

/ D .
R2d=px(fd+ M;(N“ )xl,l
qcu 27 % p° Xy
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0,579 N 0,572 x 58 J
46,8 2xx9x1825
R,, =4526x10™ Q

Ry, =0,0264 x 1,1 x L

0,579 . 0,472 x 58 )
432,55 27 x9 x 1588,56

R, =4772x107° Q

R, =0,0264 x 1,1 x (

R =R, +R,=5x10" Q

Dis genislikleri;
b, = (600 2,6~ 157) 5’—% ~4=275 mm
b = (600 —2,6 - 36,4) §”§ ~2=2838 mm

b = (600 ~2,6—792) 3’58 _128=1526 mm

| L T 40,35 x 3,249 x 0,826
Blp=——t— 2 =T ED _0g) T
kﬂ,. Liow b4 0,97 x49,3x 2,75
. L 1 40,35 x 3,249 x 0,826
Bp=——"— "% B =2 : = =0,796 T
P kg Ly, by 0 097x49.3%2,8386
L 40,35 x 3,249 x 0,826
B o Tw g DEOOXI XS0 1482 T

Tk Ly b % 097x49,3x1,526

Sekil 1.6°dan bu endiksiyonlara ait alan siddetleri ise Hg,' = 4.2 A/cm
Hy'=39 A/em ,Hy"” =10 A/cem
Rotor dislerindeki toplam magnetik gerilim
2V, =2(l, xHyp 15 xHp, +1) x HY)
2V, =2x(42x13+0,9x39+338x10)=8554 A
h=117,4 mm idi.
Rotor i¢ ¢ap1 Dy ise
D, =600- (2,6 +113+117,4)=367 mm
Ax (D, +hy)
2= 2p

7x(367+117,4)
e 6

=253,63 mm=25363 cm
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Rotor boyundurugundaki toplam magnetik gerilim
Vip=l,xH,=42x25363=10652 A

Rotor boyunduruk agirhigs ;

,2
D, +h,\ (D)
G, = ( ";2 ’2] —( 2"“] } XXk % L xy, %107

(36,7+11,3)2 (36,7
2 L2

4

G, =

j2

2 2
) } x % 0,97 x 40,35 x 7,88 x 1073
G, =231841 kg

Rotor dislerinin agirhgy,

[(D)? (D, -2#,) i
SREE NCE TR B—

(59,74 —-113)?
G&={n (5 574) —(59’74,) ] ’3) ]—58x[4,76+0,2x0,25]}x0,97x40,35x7,88 x10°

G,,=210067 kg

Rotor reaktanslarinin hesabi
Yol alma kafesinin dagilma reaktansi

by b 117 2

A =3 3= Tas

=1,775

Agy =47,1x 1,775= 83,6

Bobin bast dagilma iletkenlig;
y=0223x (b, +h,)=0223(73+25)=0,72 cm

ey 3141
x=194816 mm igin ¥/ =275 Ty oy = 1612

Sekil 1.14’den gy, = 0,45 bulunur.

58
Ay =5 % 3141036 =3643

Yol alma kafesinin reaktansi

Xym =08x7% x fx(Ag, +A,)x107°
X, =08x7* x50x(83,6+36,43)x10®
X,; =4,738x10™* Q
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Calisma kafesinin dagilma reaktansi

_ b e B 117 9 338
/1""—2bd+bs+3b,_2x4+2+3x12,8

= 6,84

Ay =1y x Ay, =471 x 6,84 =322.164
Bobin bagi dagilma iletkenligi
y=0,223x (b, +h,,)=0223(75+21,18) = 21,448 mm=2,1448 cm

o 3141
x=20516 mm i¢in % = 9,56 g X T 2051

=1,531

Sekil 1.14°den gy, = 0,27 bulunur.

N,
Ay =2pxmx7p X 8w
58
Ay = x 31,41x0,27=2732

6x3
X =08% 7% x f'x(Ag + Ay, )x107
X,0 =0.8x 7% x50% (322,164 +27,32)x 107
X, =13,79x107  Q
Cift kafesli ve kisa devre halkalari bagimsiz rotorun bileske ohmik

direnci ile bileske dagilma reaktansi s=1 igin

_R,R.R AR, X +R.X}

2 R + X2
¥ R XA RX G+ X, Xy X,
20r R'2 + /\rcz’

B = 4526x4,T2 x5x 1077 +4,526 % 107 x (1379 x 107 44,772 x 107 x (4,738 x 107*)?
o (5x107*) +(18535x 10™*Y
107,99 x107° +860,682 x 1072 +107,12 x10™
- 36854 x10°®
R, =8172x10° Q
(4526 % 107y x 1379 x 107 + (4,772 x 107°) x 4,738 x 107 +18535x 4,735 x 13,79 x 1072
o = 3685410
28243 x 107 +107,893x 107 +121 1,02 x 1072
- 36854 %107

Xoor

X,, =4055x107 Q
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R =R +R,=4,7712x107 +4526x10° =5x 10" Q
X, =X_,+X,=1379%107" +4,738x 10~ =18,535x 10~
X;, = 1,485 xj, = 0,0987
R, =0299 ; r,=0,0138
Magnetik devrenin toplam magnetik gerilimi;

elamdm'rc = ZV =2V, + 2Vm +2V,, + le + ij
=2%x1213823+67.2+106,52 + 147,753 + 85,54
=2384.65 A

Miknatisianma akiminin efektif degeri;

x )V 2 5
P 2 ___3x2384,6 =23671 A
KT 09 xm xw xE 09 x3x 144 x 0,924

E
v E_2RM o o

1, 23671
Stator dagiima faktori

X, 523
— . 0

%=y TToonr” 047

7, =1+ 0, =1,0479

Tashihli L esdeger devreden s=1 i¢in kalkig akimi

I, = T, xU,

R, =1,.R +1].R, =10479 x 0,3 +1,0479% x 0,299 = 0,642
X, =1.X, +12.X,, =1,0479x 523+ 1,0479° x 1485="7,111

il

_ 1,0479 x 4000

= =338939 A
= 3 %7139 7
Yol alma momenti
60 U? xR
M, =——xmx ! x,zz 3
T 27axn (Ri+7,xR)) + X
60 2310° x 0,299

M,

= x3x 3 3
2 x 1000 (0,3+1,0479x0,299)° + 7,111
M, = 897237 Nm



58

Yol vermedeki 1yilik derecesi

M, /My 897,237/4774,64

_ - =0
€77 e/ 338,939/88 8
Devrilme momenti
U?
AL = 5 50 x % x ]
2axn 2 [T|XR|+\/(Z'IXR1)"‘ +X§]
0 3 2310
My,

=——— X — X
27x1000 2 10479 x 0,3 +4/(1,0479 x 0.3)* + 7,111
M, =8570 Nm

Ry 0642

Cos ¢, = =
OO T R ey 7139

=0,0899 = @, =84,843°
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1.2.7 7. Makina Modelinin Tanitimi ve Esdeger Devre Parametrelerinin

Hesabi
Bu modele iliskin rotor oluk sekii sekil 1.21°de verilmistir.

™~

— *}
T
i

—

o

-~

33.8

Sekil 1.21 7. Modele iliskin rotor oluk sekli

Yol alma kafesinin halka biiyiikliikleri
bpa =9.125 mm hyg =20 mm
Caligma kafesinin halka biyiiklikleri
hy; = 50 mm b, =31.7712 mm
Dis genisliklerti;

b}y = (600 2,6 - 11,718);”5 ~7,718=24 mm
blL = (600 - 2,6 - 28,436)5’% ~2=28818 mm

bl = (600 —2,6 - 71,236)57% ~12,8=15699 mm
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L
Y 6=40,35x3,249x0,826=0’943 r
kg Ly B 097 x493 % 2.4
L 4035 x 3.249 x 0.826
Bn=1"1 1%2 5=0;7xx49’;x;8’818 =078 T
for “Tapl Yd2 > ] s
B _ L Ty p _4035x3249x08%6 . o

kg Lp, b T 097 x49,3x1,5699

Sekil 1.6’daki miknatislanma egrilerinden p;>3 W/kg’lik sa¢ i¢in bu
endiiksiyonlara ait alan siddetleri ise Hy' =4,7A/m Hgp'=4 A/cem |
Hy” =10 A/cem
Rotor diglerindeki toplam magnetik gerilim
2V, =2(1, xHiy, +1), x Hy, +1 xH)
2V, =2x(4,7x0,978+09 x4+ 3,36 x10)=41,796 A
Rotor boyundurugunun ljp uzunlugu, boyunduruk ortasinda olgilen
kutup taksimatina esittir.
Rotor i¢ ¢apt Dy 1se
D, =600-(2,6+113+117,4)=374,964 mm
Bu durumda 1;; ise;
wx (D, +h,)
2= 2p
_ X (374,964 +1174)
2o 6
Rotor boyundurugunun kismi magnetik gerilimi Vjp;
V,=1,x H,dir. Bjy=0,843 T i¢in gekil 1.6’dan Hj;=4.2 A/cm dir.

=257,.801 mm

Vj2=1 08,276 dir.
Rotor boyunduruk agirhigi ;

(D, +h,)* (D, )T
G, = (i?—ji) —(-—éi) :l xAxky x L Xy, %107

3749 +1051\2 [3749)\2 |
G, = (———2———) _( : )] x 7 x 097 x 40,35 x 7.88 x 10
|

G, =217,645 kg
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Rotor diglerinin agirhgy,

G, {EF(%)Z _(Q-T%z)z]_ N, x[S+h, xbml}x kg XL, x 7, x 10°

L

|~ 2 2
Gy ={,g (59;74) _(59’74 210’5 16) ]—58x[4,7+0,2x0,25]}x0,97x40,35x7,88 <10°

G,,=192,588 kg

-

Rotor reaktanslarinin hesabi

Yol alma kafesinin dagilma reaktansi

A, =47,1 x 1,46 = 68,766
Bobin bag: dagilma iletkenligi

Z,

T XT Xg
? bb
2pxm,

Appaa =

y=0223x (b, +h,,)

br=20 mm, hp¢=9,125 mm igin y = 6,494 bulunur.

x, =200 mm oldugundan x% =3 % = 1,57 bulunur.
Sekil 1.14°den gy, = 0,075 bulunur. Béylece;

58
Appg = 5% 3141x0,075=7,59

Yol alma kafesinin reaktansi

Xyoa =08% 7 x f x (Agy + Ayyy) x 107
X, =08x 7% x 50 x (68,766 +7,59) x 107
X, =3,0144 x 10 QO

Caligma kafesinin dagilma iletkenligi

338
3Ix12,8

h h, 4
,10,=0,8+—£+i=0,8+;+ =3,68

b, 3b,
Ag =1, x Ay, =471x 3,68 =173328
Bobin basi dagilma iletkenligi
y=0,223x (b, +h;,)=0,223(5+3,177)=1,823
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x=209 mmicin %, =1146 AR

Sekil 1.14°den gy, = 0,28 bulunur.
Bu durumda bobin basi dagiima iletkenligi

N,
Abb=2pxmxrp X o
58
A, = 63 x 31,41x0,28=282336

Cahigma kafesinin reaktansi

Xy =08%x 7% x f x(Ay + Ay ) x 1078

X,, =08 x 7% x50 x (173,328 + 28,336) x 10~

X,,=7961x10" Q

Halkalanma reaktans: ; bir 6nceki boliimle aym: degerdedir, ¢iinki,
makina buytklikleri deZismemigtir.

Faz basina yol alma kafesinin ohmik direnci

l D,, x N.
R, =px(_cd_+_£2‘_2_.Jx1’1
Qu 2mxp° xq,,

0579 0579 x58 )
47,53 27 x9x182,5

R, =4482x10% Q
D,, =600~ (0,26 + 40 + 50) = 509,74 mm

R, =0,0264 x 1,1 x (

0,579 N 0,50974 x 58 )
432,64 27 x9x 158856

R, =4842x107° Q

R, =0,0264 x 1,1 x (

R =R, +Ry; =4966x10" Q
Cift kafesli ve kisa devre halkalan bagimsiz rotorun bileske ohmik
direnci ile bilegke reaktansi s=1 igin
_RyR.R +R,. X5 +R.XZ,
- R} + X2
RIX YR X+ X, X, X,
- R + X2

X

20r
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4482x4842x4966x10"3+4482x10"' x(7.962 x 107 +4,966x 10 x (3,0441x 107’

(4,966 107 Y +(10975x 107*)
_lonx 107 +284,12x 1072 +45,124 x 1072
145111x10°®
R, =1249x10" Q
¥ _ (4482x 107 x 7961 x10°* +(4842% 107F x 30144 % 107 +3,0144 x 7,961 x 10975 x 1072
2 (4966x 107y +(10975x107*Y
_2R248x10° +107893x 107" +121102x 1072
2r = 145111x10®

X, =291x10% Q

Xyp =Xy + Xppy =2,921x 107 +1511x 107 =4,432x 107
X3, =1,623 x5, = 0,1079
R, =0457 ; rj=0,0212

Magnetik devrenin topam magnetik gerilimi;

Ormerre = 2V =25 + 2 + W +V, +V
=2 x 1213,823 + 67,2 + 41,796 + 147,753 + 108,276
=2792,671 A

Miknatislanma akiminin efektif degeri;

_pxQV  3x2792671 _ 233300
HT09xm xw, xE  09x3x144x0,924 77
|E| 258279

X, ="—"=""""211075 Q

=T, 2332 ’
Stator dagilma faktorii

Xie 523

%=y ~Tio7s " %0472

7, =1+ 0, =1,0472
Tashihli L egdeger devreden s=1 igin kalkis akimi
7 x U,

Iy =
R+ X2

R =7,.R + 1. R, =1,0472 x 0,3 +1,0472% x 0,457 = 0,815
Xe=1.X,, +12. X}, =1,0472 x 523 +1,0472% x 1,623 =7,256



1.0472 x 4000

[, =—————=331183 A
1k V3 x 7.3
Yol alma momenti
60 U xR]
M, =——
& 2zxn (R +n, xR+ X2
60 23102 x 0,457

M. = 3
4 = 22x1000 " (03 +1,0472 x 0457)° + 7,256
M,, =131179 Nm

Yol vermedeki iyilik derecesi

My, /Mg 1311,79/4774,64

I/l 331183/88 0,073
Devrilme momenti
U2
My, = —5—0— x i x !
2exn” 2 o xR+ xR+ XE |
50 3 2310°
M@

= X—X
27x1000 21,0472 % 0,3+ (10472 x 0,3)° + 7,256
Mg = 84064 Nm

Ry 0815

Cos ¢y = =
YR +x2 13

=011 = ¢, =835¢%
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1.3 Cesitli Modellerin Performanslarinin Incelenmesi

1.3.1_1.Makina Modeli Icin Performanslarin Hesabi
Rotor yilzey kayb

2
k, (N,xn L3 Ty X B] x k, x By Tos — Uy
P?(m) ~ 0.1 XX Dy x =T ) x Ly

ay/ 115/ _
‘"/5- 0.26= 442

Sekil 1.13’den $,=0,27 bulunur. Rotorda 0,5 mm.’lik sa¢ kullamldifindan
ko=2,5’dir. Su halde;

25 (72x1000)" [3141x027x 1,388x 0,826)° 3249-025
Fa =7x( 10000 ) x( ol XX 0’5974XT,2£1§——XO’97><0’4035
P,=1548 W
Rotor pulzasyon kayiplan
k 1 N, xn B, z
4 i P =
Pe =7 %0, x?éx(loooo *01) *Ua

Bu denklemde £,=1.9 ; 0,,=1,6 ; G, =203 kg

1,9 1 (72><1000 0,111

Pkp2=——x1,6x——x 10000 X o1

2
5 36 ) x203=547454 W

% 10 emniyet pay1 ve ¢iplak ¢ubuklarin oluklara siirilmesi dolayilsiyla meydana
gelecek ilave kayiplan gozetmek amactyla % 30 ‘luk ilave yapilmak suretiyle toplam
yiizey ve pulzasyon kayiplan
2Pyp =Py + Py + Py + P ) x L1x 1,3
=(53,519+6,988+ 547,454 + 1548) x 1,1 x 1,3
Py, =3083,024 W bulunur.

P
Hava ve yatak stirtiinme kayiplan igin sekil 1.21°den ;’” x 100=0,7 bulunur.
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Sekil 1.22 Asenkron makinanin hava ve yatak siirtiinme kayiplar

Buna ilave olarak vantilatorler igin % 1 gelmekte ve boylece
P =500%10° x 0,017=8500 W
Cubuk akimi ; s=0,0035

_ Bu P + By, 500000 + 8500 + 3083,024
TN, xE, x(1-5)  58x8348 x 0,9965
1,=10603 A

lop =1,

Rotor kafesi ohmik kayiplar
P =my x I3 x R, =58x(1060,3)* x4,19x 107° =2732,113 W

Toplam kaviplar

Stator sargist ohmik kayiplan Picul = 6969,6 W

Rotor kafesi ohmik kayiplan Prow =2732,113 W

Ilave kayiplar Pitave= 3000 W

Stator sa¢ paketi demir kayiplar
diglerdeki kayiplar Pwai= 808,41 W
boyunduruk kayiplar Py=1692,368 W

Stator ve rotorun toplam yiizey ve pulzasyon kayiplan 3083,024 W

Hava ve yatak siirtiinme kayiplan Psartanme= 8500 W

Toplam kayiplar P,=26785515W
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. P, _ 500
P+ P, ~— 500+26785515

=0,94915=% 94,915

Bosta ¢aligma akimmnin aktif bileseni

[ = B+ B + Fyop + B 1692,368 + 808,41+ 3083,024 +8500

v m U, 340007

I1,=2,0328 A
I, = iix 1, =0,0724 x 1060,3 = 76,765
Motorun nominal yiikte sebekeden ¢ektigi reaktif giig (Pgey)
Paw = X [E, % 1, + X,y x 1T + X3, x 17| 107 kAT

Py, =3x[2221,64 x 23,6 + 5,23 x 887 +2,692 x 76,765 ] x 10~
=326,387 kVAr

Motorun nominal yiikte sebekeden ¢ektidi aktif giig

P 500
P =—"=—_—=526787 k
* n 094915 6. i
Nominal yiikteki giig faktora
C P, 526,787 0.85
[4) - = -
ST TP 6197047
Bosta ¢alisma akimi

Iy=I2 +1? =/23,6* +2,03282 = 23,687 A

Bosta galismada gii¢ faktori

Cosp,y =—= VT I 0,0858 @, = 85,076
0

R, <1 BT _hss g = 59,0353
w= Ji|” 20328 ’ fm =%
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Halka Direnci;
D, N 0477 x 58
R =px1llx—12 =00264x11 - =8943x107°
W . X = 9% 158856 *
R 8943 x 107°
AR, h . =2945x 107

"N, x2xsin’(mp/ N,) 58x2xsin’(37/58)

L 057
Reg =px—x 11=00264 x L1 x

= 3826x 107
dex 43264 8

Tk 10603
& - JOU2 n s
Eq [RCK + AR:,]— 8348 (3826 + 08943) x 10

s§=

5% = 0599
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1.3.2. 2. Makina Modeli Igin Performans Hesabi

Rotor pulzasyon kayiplari

k 1 N, xn Bz)z
_ s x 1 r .
Pz =5 XG"X36X(10000X0,1 G

(am,/‘)’ (1 15 )2

/8 1,3

= T ils, =%
5+7%s St 3
71 %0 _ 5,66 0,13x1,0358

= B, =
27 2, " 2 x 3,249

1

B =0,117

1,9 1 (72>< 1000 0117

=22 X 16x —
Poa =516 30>\ o000 % 01

2

) x 468,34 =2806,52 W

% 10 emniyet pay1 ve ¢iplak gubuklann oluklara siiriilmesi dolayilsiyla meydana
gelecek ilave kayiplan gozetmek amaciyla % 30 ‘luk ilave yapilmak suretiyle toplam
yiizey ve pulzasyon kayiplan

ZPsp =Py + Py + Py + Py ) x LIx 1,3
=(53,519 + 6,988 + 547,454 +1548) x ,1 x 1,3
Py, =3083,024 W  bulunur.

Cubuk akimu ;
P +P,. + Poip
TN, xEy x(1-9)

Iog =21,

s=0,0035 i¢in degerler yerine konursa

;- 500000 + 8500 + 3083,024
“% = 58x8348x 09965

=1060,3 A

Burada E; gubuk gerilimi 6nceki boélimdeki gibi 8,348 V alinmistir.
Rotor kafesi ohmik kayiplan

Py =y x I2 x R, =58 x (1060,3)® x 4251x107° =2771889 W
Toplam kaviplar

Stator sargis1 ohmik kayiplan Pycur = 6969,6 W

Rotor kafesi ohmik kayiplan Prcuw2 =2771,889 W

ilave kayiplar Puitave = 3000 W
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Stator sag paketi demir kayiplan

diglerdeki kayiplar Pra= 808,41 W
boyunduruk kayiplan Pyi=1692,368 W
Stator ve rotorun toplam yiizey ve pulzasyon kayiplan 3083,024 W
Hava ve yatak siirtiinme kayiplan Prisiurtonme= 8500 W
Toplam kayiplar P,=26825,291 W

500

P
n, = = = =0,9490 = % 94,908
P+ Z P 500 + 26,825

Bosta ¢aligma akiminin aktif bileseni

; _Po# Pun + Poup + P _ 1692,368 + 808,41+ 3083,024 + 8500

v

- 3., 4000/ 1,=20328 A
/3

1, =1ix1,=0,0724 x 1060,3 = 76,765
Motorun nominal yiikte sebekeden gektigi reaktif giig (£ gey)
P, =m, ><[El x1,+ X, xI} +X;, x]f]x 10® kVAr

P, =3x[2221,64 x 232 + 523 x 88 +11,56 x 76,765° ] x 10~
=480,494 KkVAr

Motorun nominal yiikte sebekeden ¢ektigi aktif giic

P, = B 300 _ 526,825 kW
" p 09490 T
Nominal yiikteki gii¢ faktorii
P
Cos @, = = 26825 0,7388
/Pw’- + P2 713,035
Bosta galigma akimi

Iy =13 +1% =4/232% +2,0328? =23288 A

Bosta gahsmada gii¢ faktori
I, 20328
=t = 0 =
Coseg,y, 1, = 23288 ,0872 P = 384,994
|E|/  2582,79
R, = =1270,55 Q r, =59,0353

m= /717 20328
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0.3774 x 58

D, N
R =px11x=—2"2 _00264x1l =70762 x 107°
Gy X % 9 x 158856 *
R 70762 x 107
AR, b 762 =233x10°°

TN, x2xsin®(mp/ N,)  58x2 xsin’(3z/ 58)
Cubuk biyiiklikleri degismediginden gubuk direnci R ¢ aym kahr.

I 10603

¢k T, : -5
=R + AR, |= ST (3826 + 0.233) x 10
* Et,,K[ o + AR, |= g (3826+0233)

5% =05155
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1.3.3. .3. Makina Modeli Igin Performanslarin Hesabi
Rotor pulzasyon kayiplan
k 1 (N Xn B 2)2

7 - 1 P
B = %00 % 3¢ Toooo < 01) * O

(am /)2 11,5/ )

/8 1,3
e T P
5+7%s ST N3
o 66 1

B _nx _5, x 0,13 x ~0,113

27 27, T 2x3249

1,9 1 (72x1000 0,11

Pin =~y 16X 36 X{ 5000 > 01

3 2
) x22142=618,842 W
% 10 emniyet pay1 ve ¢iplak ¢ubuklarin oluklara siirillmesi dolayilsiyla meydana
gelecek ilave kayiplan gézetmek amaciyla % 30 ‘luk ilave yapilmak suretiyle toplam
yiizey ve pulzasyon kayiplan
LPyp =Py + Py + Py + Py ) x L1x 1,3
=(53,519 + 6,988 + 618,842 +1548) x 1,1 x 1,3
P, =318511 W bulunur.

Gubuk akimi ; (s=0,0045 igin)
P, + Py + Py,
"N, x Eix(1-9)

I 21,
_ 500000 + 8500 + 3185,11
% 58x8348 x 0,9955

Rotor kafesi ohmik kayiplan
Picy =m, x I2 x R, =58 x (1061,575)> x 5,139 x 10~ = 3358984 W

=1061,575 A

Toplam kayiplar

Stator sargis1 ohmik kayiplarn Prcur = 6969,6 W
Rotor kafesi ohmik kayiplan Prcwz = 3358,984 W
llave kayiplar Piiave = 3000 W
Stator sag paketi demir kayiplan

dislerdeki kayiplar Pryi= 808,41 W

boyunduruk kayiplari Py;=1692,368 W
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boyunduruk kayiplan Pyi= 1692,368 W
Stator ve rotorun toplam yiizey ve pulzasyon kayiplan 3185,11 W
Hava ve yatak sirtiinme kayiplan Pisortonme= 8500 W
Toplam kayiplar P=27514472 W

o P, B 500
. = P+ P "~ 500+ 27,514472

=0,94784 =% 94,784

Bosta ¢aligma akiminin aktif bilegeni

P+ B+ By p + By 1692,368+ 808,41+ 3185,11+ 8500

m, x U, 3 x 40093§

I

v

1,=2,047 A
I} =iix I, = 0,0724 x 1061,575 = 76,858
Motorun nominal yiikte gebekeden gektigi reaktif gii¢ (P u.s)
Pao = % [Ey x 1, + Xy x I + X, x 1’ ]x107  kvar

P, =3x[2221,64 x 235+523 x 88 + 1,89 x 76,8582 ] x 10~
=311,622 kVAr

Motorun nominal yiikte sebekeden gektigi aktif giig

—i—~—5—(&—577515 kW
Y g 094784 T
Nominal yiikteki gii¢ faktori
P 527,515
Cos @, = = =0,86 @, =30,57

P2+ pL 612,683

Bosta ¢aligma akimi

Io=+1% +1? =235 +1,959> =23581 A

Bosta ¢aligymada giig¢ faktori

Cospy =—+=—"—-=0,083 @, = 85234
71, 23581 10
|E| /' 2582,79 _

R, = 71~ "iese - 1318422 Q@ r, =6126
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D, N, 05474 x 5
R, = px LIx -2 = 00264 x L1 x AT4x58 102636 x 10
2ap g, 27 x 9 x 158856
R, 102636 x 10°°

AR, =338x 107

TN, x2 xsin?(gp/ N,) 582 x sin?(37/ 58)
Cubuk buyutklikleri degismediginden ¢ubuk direnci R aym kalir.

1061575
8348

S=

1¢K [RCK +AR,,]=
cK

B (3826+0338)x10°°

5% =05295
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1.3.4 4. Makina Modeli Icin Performanslarinin Hesabi

Rotor pulzasyon kayiplan
k 1 (N,xn B 2)2
__r 1 1 P
Fip =7y % 00 36"(10000 1) XY

Hava aralif1 ve stator oluk agz1 degismediginden y;=5,66
N xo _566x0,13x1

B, = B, = =0,113
P27 g, *" T 2x3249
19 1 (72%x1000 0,113)°
P =x16x— ( ’ ) 185,901
w2 =7 XWX 3 T 0000 00/

Py, =51957 W

% 10 emniyet pay1 ve giplak gubuklann oluklara siiriilmesi dolayilsiyla meydana
gelecek ilave kayiplan gozetmek amaciyla % 30 ‘luk ilave yapilmak suretiyle toplam
yiizey ve pulzasyon kayiplar

Zh,

Y

+P =(Piy1 +Pkpl +Pl‘p2 +Pky2)X1,1X1,3
=(53,519 +6,988 + 519,57 +1548) x 1,1 x 1,3
P, =3043,15 W bulunur.

Cubuk akimi ; (s=0,0045 igin)
P,+Pg.+h,,,
N, xE, x(1-5)

Ip =1, =

_ 500000 + 8500 + 3043,15

&~ 58x8348x 09955 1061,281 A

Rotor kafesi ohmik kayiplar
Py, =My x IZ x R, =58 x (1061,281)> x 1,218 x 10~ = 795,676 W

Toplam kayiplar

Stator sargis1 ohmik kayiplan Picul = 6969,6 W
Rotor kafesi ohmik kayiplan Prcwy = 795,676 W
[lave kayiplar Pyitave = 3000 W
Stator sa¢ paketi demir kayiplan
diglerdeki kayiplar Pai= 808,41 W
boyunduruk kayiplan Py1= 1692,368 W

Stator ve rotorun toplam yiizey ve pulzasyon kayiplarn 3043,15 W



76

Hava ve yatak siirtiinme kayiplan Piironme= 8500 W
Toplam kayiplar P=24809,204 W

_ P, B 500
=P S P,  500+248092

=0,95272 = % 95,272

Bosta ¢alisma akiminin aktif bileseni
7 Pt P+ By + P _ 1692,368 +808,41+ 3043,15+ 8500

v

m, x U, 3 x 400/9/‘5
1,=2,027 A
I, =dix1,=0,0724 x 1061,281=76,836
Motorun nominal yiikte sebekeden gektigi reaktif gic (£ 4)
Puy =ty x [ By x 1, + Xy X I + X}, X ]2’2]x 10° kVAr

Py =3x[2221,64 x 23,5+5,23 x 887 + 1,89 x 76,836* | x 10~
=354,246 kVAr

Motorun nominal yiikte sebekeden gektigi aktif giig

r —i——ﬂ)———524813 kW
" op 095272 T
Nominal yiikteki gii¢ faktorii
P 524196
- w i = 8 = l
Cos @, m 633,181 0,827 9, =34,118
Bosta ¢aligma akimi

I, =12 +1? =[31,466* + 19387 =31,525 A

Bosta ¢aligmada gii¢ faktori

Cosgry =2 =20 _ 00614 = 86,475
08Py = 10 - 31’525 — Vs P10 = 80
|E|/ 2582,79

=1332,7 Q r, =61923

1,938
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D, N, .
R, = px Llx —N2 0264 x 11 x — 2022 X584 o6 x 107
2mp g, 27 x9 x1588.56
R 9.866 x 10°
AR, n X =32495x 10°°

TN, x2xsin’(mp/ N,) 58x2 xsin’(37/58)
Cubuk boyutlan degismediginden gubuk direnci R o aym kalir.

Ik 1061

CK -5
=S Re + AR, | = ———(3826+032495) x 10
’ Ew[ e %= 35 )

5% = 05275
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1.3.5 5. Makina Modeli Igin Performanslarinin_Hesab!

Rotor pulzasyon kayiplan

k 1 N, xn szz
__r — i P ’
P =5 """"36"(10000"0,1 X G

Hava aralif ve stator oluk agz1 degismediginden y,=5,66
N x & B _566x0,13x1

B, = B, = =0,113
P2 2g, % 2x3249
1,9 1 (72x1000 0,113)°
P =?x1,6x§gx( 10000 ol ) x 167,426
P, =467934 W

% 10 emniyet pay: ve giplak ¢ubuklarin oluklara siiriilmesi dolayilsiyla meydana
gelecek ilave kayiplan gozetmek amaciyla % 30 ‘luk ilave yapilmak suretiyle toplam
yiizey ve pulzasyon kayiplan
Py =Py + Py + Py + P ) x L1x 1,3
=(53,519+ 6,988 + 467,934 +1548) x 1,1 x 1,3

P, =2969,31 W bulunur.

kv+p

Cubuk akim ; (s=0,0045 igin)
P, +P,.+P,,,
TN, xE, x(1-5)

Iy =1,

_ 500000 + 8500 + 2969,31
* 7  58x8348x0,9955

=1061,128 A

Rotor kafesi ohmik kayiplan

Pz =my x I3 x R, =58 x (1061,128)> x 2,052 x 10~ =1340112 W
Toplam kayiplar
Stator sargis1 ohmik kayiplan Picu1 = 6969,6 W
Rotor kafesi ohmik kayiplan Prcw = 12963,553 W
[lave kayiplar Puilave = 3000 W
Stator sa¢ paketi demir kayiplan
dislerdeki kayiplar Py= 80841 W

boyunduruk kayiplari Py= 1692,368 W
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Stator ve rotorun toplam yiizey ve pulzasyon kayiplan 2356,11 W
Hava ve yatak siirtiinme kayiplan Pisortonme= 8500 W
Toplam kay1plar P=36290,041 W

_ P, _ 500
T, = P+ P, 500 + 36,290041

=0,9323=% 93,23

Bosta ¢aligma akiminin aktif bilegeni

; ~ Bt B+ Pour + P _ 1692,368-+808,41+2969,31+8500

Y m, x U 4000/
1 1 3x p, J§

1,=20164 A
I =1ix 1, =0,0724 x 1061,128 = 76,825
Motorun nominal yiikte sebekeden gektigi reaktif gii¢ (Pew)
P, =m x [E, x 1, + X, x I? + X}, x 12’2]x 10°  KkVAr
P, =3x [2221,64 x235+523 x 882 +1,389 x 76,8252] x 1072
=332,627 kVAr
Motorun nominal yiikte sebekeden gektigi aktif gii¢

— i b _Sﬂ_ =5363 kW
@ 09323 T
Nominal yikteki gii¢ faktorii
Co. o 236,3 0,8498 318
5' -_ = = =
G PP 631077 Pu =25
Bosta ¢alisma akimi

I,=y12 + 1% =2732% +20164> =27394 A

Bogsta ¢caligmada gii¢ faktori

Cos@,y == ===——=0,0736 @y = 85,778

|E|/  2582,79
I,|” 2,0164

=1280,891 Q r, =59515
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D, N, 0509 x 5
R, =px1lx—2-=00264x 11x x38 9543 x107°
2ap°q, 271 %9 x 158856
R, 9543 x 10~

=31432x107°

ARI: = r 2 = fn?
N, x2xsin“(ap/ N,) 58x2xsin“(3x/58)
Cubuk buyikliikleri degismediginden gubuk direnci R ¢ aym kalr.

1059421

= lﬂ[R‘?" +AR |- =

(3826 +031432)x 107°
E

5% =0525
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1.3.6 6.Makina Modeli Icin Performanslarinin Hesabi

Rotor pulzasyon kayiplan
k 1 N, xn B 2)2
__?_ 2 ] P
bipp =7y x 0 x36x[10000 *01) *Ga

Hava araligy ve stator oluk agzi degigsmediginden y,=5,66
_ N xé B _566x0,13x1

B, = By, = =0,113
727 2, %" 2x3249

19 1 (72x1000 0,113)°
Pkp2=—;—xl,6x§gx( 1;000 x 2”) x 210,067

Py =587,111 W

% 10 emniyet pay1 ve giplak gubuklann oluklara siiriilmesi dolayilsiyla meydana
gelecek ilave kayiplan gozetmek amaciyla % 30 ‘luk ilave yapilmak suretiyle toplam
yiizey ve pulzasyon kayiplan
EPyp = (P + B + Py + Fp ) x L1x 1,3
=(53,519+6,988+587,111+1548)x 1,1x 1,3
Py., =3139.73 W bulunur.
Cubuk akim ; (s=0,0045 igin)
P,+P,. +P,

Iop =1, = e
ETRTN, xEy x(1-5)

500000 + 8500 + 3139,733
# = 58x8348x09955 lok48 A
Rotor kafesi ohmik kayiplan
Py =m, x I} x R, =58 x (1061,48)* x 8172 x 107° =5340,49 W
Toplam kayiplar
Stator sargisi ohmik kayiplan Pycuw = 6969,6 W
Rotor kafesi ohmik kayiplan Prcwz = 5340,49 W
Ilave kayiplar Puitave = 3000 W
Stator sa¢ paketi demir kayiplan
dislerdeki kayiplar Pryi= 80841 W
boyunduruk kayiplar Py = 1692,368 W

Stator ve rotorun toplam yiizey ve pulzasyon kayiplan 3139,733 W
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Hava ve yatak siirtinme kayiplan Py 8500 W
Toplam kayiplar P=29450,6 W

P, 500
n, = =
P,+Y P, 500+29450

=0,9443 = % 94,43

Bosta ¢alisma akiminin aktif bilegeni
/ = B+ B + Hipop + B 1692,368 + 808,41+ 3139,733 + 8500

v

)

m x U, 3 x 4009,;"/§
1,=2,041 A
1; =iix [, =0,0724 x 1061,48 = 76,851
Motorun nominal yiikte gebekeden ¢ektigi reaktif gug (£ sew)
P, =m, x [15, x 1, + X, x 12+ X}o % 1;2]x 10°  KVAr
Py =3x[2221,64 x 235+523 x 887 +1,89 x 76,851* ] x 10~*
=354,215 kVAr

Motorun nominal yiikte sebekeden ¢ektigi aknt gii¢

Nominal yikteki gig faktori
P, 529,450

Cos @, = m = 637,013

Bosta ¢alisma akimm
1y =12 +17 = /31,4667 +2,041> =31,532 A

=0,8311 @, = 33,395

Bosta galismada gig faktori

2
Cosgyy =——=—"—-=0,0641 @, = 86,288
Y]

_|E/ 258279
- 2,041

"

=1265,453 Q r, =58,7981

v
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04724 x 58

D,N, -6
= px LIx =22 00264 x LI =88574 x 10
By = s e, X S Z %9 x 158856 8
: 0
R, 88574 x 1 2017 16

AR, = =
"N, x2xsin*(mp/ N,) 58x2xsin*(3x/58)

Cubuk biyiklikleri degismediginden gubuk direnci R aym kalacaktir.

106148
8348

o
5= Ei[kcx +4R,]= (3826 +02917) x 1075
CK

5% = 05235
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1.3.7 7. Makina Modeli Igin Performanslarin Hesabi

Rotor pulzasyon kayiplan
k 1 (N, xn B 2)2
=-Z — 1 — ;
bigp = %0 "36"(10000 *or) *Ga

Hava aralifz ve stator oluk agz1 degismediginden v,=5,66
_nhxo 5,66 x0,13x 1

B, = By, = =0,113
P2 27, B 2 x 3,249 01

19 1 (72 %1000 0,113)2
Py ="x16x— 92,588
L xl6"36"( 1000 <01/ ! ,
P,, =53826 W

% 10 emniyet pay1 ve ¢iplak ¢ubuklann oluklara sirilimesi dolayisiyla meydana
gelecek ilave kayiplan gozetmek amaciyla % 30 ‘luk ilave yapilmak suretiyle toplam
yiizey ve pulzasyon kayiplan
LPyp =Py + Py + Py + Py ) x L1x 13
=(53,519 + 6,988 + 538,26 + 1548) x L,1 x 1,3

P_. =2146,767 W bulunur.

kv+p
Cubuk akim: ; (s=0,0045 igin)

P,+P,. +P,.,
Ny xEyx(1-3)

ch =l,=

_ 500000 + 8500 + 2146,767
# 7  58x8348 x 0,9955

=1059,421 A

Rotor kafesi ohmik kayiplan

Pz =m, x 17 x R, =58 x (1059,421)* x 1,249 x 10~ =816324 W
Toplam kayiplar
Stator sargisi ohmik kayiplan Picu =6969,6 W
Rotor kafesi ohmik kayiplan Picua=8163,24 W
ilave kayiplar Piitave = 3000 W
_ Stator sag paketi demir kayiplan
* diglerdeki kayiplar Pru= 808,41 W

beYunduguk kayiplan Py;= 1692,368 W

-~
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Stator ve rotorun toplam yiizey ve pulzasyon kayiplan 2146,767 W
Hava ve yatak surtiinme kayiplan Pysortanme= 8500 W
Toplam kayiplar P=31280,385 W

_ P, _ 500000
=P 2P, 531280385

=0,9411=% 94,11

Bosta ¢aliyma akiminin aktif bileseni

[ = By + Py + Fyp + B 1692,368 + 808,41+ 2146,767 + 8500

I,=1897 A
1, =iix I, =0,0724 x 1059,421 = 76,702
Motorun nominal yiikte sebekeden ¢ektigi reaktif gii¢ (Pyew)
P,, =m, x [El x I, + X, x I? + X}, x 12’2]x 10°  KkVAr
P,.=3x [2221,64 x 23,5+5,23 x 882 +1,623 x 76,7022] x 107
=305,574 kVAr
Motorun nominal yiikte sebekeden gektigi aktif giig

P 500
P, =—"=——=531293 kW
g 09411
Nominal yiikteki gi¢ faktori
P, 531,293
Cos ¢, = 1 Pl = 612.901 = 0,866 0, =299
Bosta ¢aligma akimi

Iy=4I% +1? =2332% +1,8972 =23397 A
Bosta ¢alismada gii¢ faktorii

Cospyy = =77 =0,081 @, = 85,349
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|E|/ 258279
R.= 1= 1897 1361512 Q  r, =63261
D, N 0.509 x 58
R, = px Llx —-2=00264 x L1 : =9543x107
ey X %9 x 158856 X
R 954310
AR, = L = x1 =31432x 1078

N, x2 xsin*(mp/ N,) 58x2 xsin*(37/58)
Cubuk bayuklikleri degismediginden gubuk direnci R ¢ aym kalir.

s= ———[Rw AR,|= 1085;) 4‘;21 (3826 +031432) x 10°°

5% = 0525
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2. BOLUM INDAN Bilgisayar Programi

2.1 INDAN Hazir Paket Programinin Tanitimi |2]
INDAN ( Induction Motor Analysis ) yukanda da belirtildigi gibi indiiksiyon

motorlarinin analizinde kullamilan bir bilgisayar programidir. Bu programi
galigtirabilmek igin, kullanilacak bilgisayarin en az 640 kB hard diski, matematik
iglemcisi ile MS - DOS igletim sisteminin olmasi gerekmektedir.

Programda dosya adlan, DOS igletim sistemine uygun oldufu siirece
istenildigi gibi segilebilir ; ancak dosya adlannin ve igeriginin hatirlanabilmesi igin
asafda belirtildigi gibi isimlendirme yapilmasi tavsiye edilir.

Ornek ; 500-6.001; burada 500 ; [ kW ] cinsinden motor giicii ; 6, gift kutup
sayist ; 001 ise tasarim no’sudur.

Yeni veri girisi eski veriler degistirilerek yapilir. Bunun igin 6nce eski dosya,
baska dosyaya kopyalanir.

Ornek : Eski dosya ad1 Z1 olsun.

INPUT DEMO.INP Z1 komutu yazilinca ve demodaki bilgiler sirayla
ekrana gelince bu verilerin altinda yeni veri olarak ne girilecegi de sorulur. Buralara
istenilen degerler girilir.

INPUT < dosya ismi > komutu girilince de o isimde saklanan dosyanin
verileri girilebilir. Yeni veriler girilse dahi bunlar saklansa da ( ki saklanmayacakur )
bir anlam ifade etmez.

RUN <dosya ismi > makina stator ve rotor resmini ekrana verir.

PLOTPRN < dosya ismi > makina stator ve rotor resminin kagida
basilmasim saglar.

COPYPRN < dosya ismt > komutu sadece ¢ikig degerlerini kagida basar
ama bunlarin ne anlama geldigini belirtmez.

COPYPRN OUTPUT < dosya ismi > komutu makina gikis degerlerini
(devir sayisi, empedanslar, agirhiklar vs.) kagida basar.

INDAN programimin galistinlmas: esnasinda sorulan sorular Ek B 1°de
belirtilmistir.

Bu sorularin yamtlanmasi esnasinda dikkat edilecek bazi hususlar soyle

siralanabilir.
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Oncelikle giigler kW, kVA; uzunluk olgtleri mm cinsinden girilmelidir.
Aksiyal sogutma varsa sogutma kanali saysi ve genigligi O girilmelidir. Burada veri
girigi radyal sofutma igin yapilacaktir. Cesitli konstruktif nedenlerden dolayi agik
agizh oluklar tercih edilebilir. Boyle bir durumda Ek:B 1’de 4. ana birimin 41. ve 51.
satirlarinda aym veri girii yapilmalidir. Aymi nedenlerden dolayr oluk kivrim
derinligi de afz1 agik oluklar igin O olarak girilmelidir.

Iletken uzunlugu ve ek direncin pu (birim) deferi girisi istenirse
yapilmayabilir. Program bunu otomatik olarak yapabilmektedir. Referans stator
sicakhiinin 120° olarak alinmasi tavsiye edilmektedir.

Stator sargi kodu ise projede ele alinan sargi gesidine gore 1,2 veya 3
seklinde girilebilir. Burada 1, tek olukta iki tabakah sargi ; 2, olugun st kisminda iki
tabakali sargiy1 ; 3, olugun alt kisminda iki tabakali sargi oldugu anlamina
gelmektedir.

Rotor oluk derinliginde stator da oldugu gibi hava aralifindan oluk tabanmna
kadar olan yiikseklik mm cinsinden yazilacaktir. Burada rotor oluk sekli dairesel ise
kivnm (taper) derinligi 0 olarak girilir.

Rotor sarg1 kodu da, stator da oldugu gibi rotor oluk sekline gére 1,2,3 veya
4 seklinde girilir. Burada;

1. Yamuk ve dikdortgen seklindeki tek kafesli oluklar

2. Tek kafesli ama herhangi bir geometrik sekli olmayan oluklar igin

3. Cift veya 3 kafesli rotor oluk sekli olup iist kafesi dikdortgendir.

4. Cift veya 3 kafesli rotor oluk gekli olup; iist kafesi dairedir.

Referans stator sicakliginin 180 ° C olarak girilmesi tavsiye edilmektedir.

Programda sorulan D1, D2, D3, D4 ve W1, W2, W3, W4 gibi yiikseklik ve
genigliklerin hangi rotor oluk sekli igin nereyi gosterdigi ve veri girisi yapabilmek
igin gerekebilecek bilgiler detayh olarak Ek:B 1°de sunulmustur.
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2.2 INDAN (Induction Motor Analysis) Bilgisayar Programi Yardimiyla
Elde Edilen Sonuclar

2.2.1 INDAN Programi_Yardimiyla Hesaplanan Esdeder Devre Parametreleri

2.2.1.1 1. Makina Modeli i¢in Hesaplanan Degerler

INDAN programiyla 1. makina modeli i¢in bulunan degerler Tablo 2.1 ‘de
verilmigtir.

Tablo 2.1 INDAN programtyla hesaplanan 1. makina modeline ait degerler

0,13705
2,60198
0,00593
9374148
1834
2012
244

1,747
1,652

2.2.1.2 2. Makina Modeli Igin Hesaplanan Degerler

INDAN programyla 2. makina modeli igin bulunan degerler Tablo 2.2 ‘de
verilmigtir.

Tablo 2.2 INDAN programyla hesaplanan 2. makina modeline ait degerler

0,30282
3,18759
0,00599
94,67256
166,2
468,5
170

2,049
1,652
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2.2.1.3 3. Makina Modeli i¢in Hesaplanan Degerler

INDAN programiyla 3. makina modeli i¢in bulunan degerler Tablo 2.3 ‘de
verilmigtir.

Tablo 2.3 INDAN programiyla hesaplanan 3. makina modeline ait degerler

0,17649
245403
0,00594

93 43890

186,2
2173
2398

1,787
1,652

2.2.1.4 4. Makina Modeli igin Hesaplanan Degerler

INDAN programiyla 4. makina modeli i¢in bulunan degerler Tablo 2.4 ‘de
verilmigtir.

Tablo 2.4 INDAN programiyla hesaplanan 4. makina modeline ait degerler

0,16769
0,167169
0,00595
91,76535
188.6
244
557,2

2,254
1,652
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2.2.1.5 5. Makina Modeli icin Hesaplanan Degerler

INDAN programiyla 5. makina modeli i¢in bulunan degerler Tablo 2.5 ‘de
verilmigtir.

Tablo 2.5 INDAN programiyla hesaplanan 5. makina modeline ait degerler

0,14040
2,13099
0,0059
92,63944
188.9
161,1
252,6

2,187
1,652

2.2.1.6 6. Makina Modeli igin Hesaplanan Degerler

INDAN programiyla 6. makina modeli i¢in bulunan degerler Tablo 2.6 ‘de
verilmistir.

Tablo 2.6 INDAN programiyla hesaplanan 6. makina modeline ait degerler

0,21639
1,36122
0,00606
89,31894
192,9
244
557,2

2,345
1,652
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2.2.1.7 7. Makina Modeli igin Hesaplanan Degerler

INDAN programiyla 7. makina modeli igin bulunan degerler Tablo 2.7 ‘de
verilmigtir.

Tablo 2.7 INDAN programiyla hesaplanan 7. makina modeline ait degerler

0,18967
1,78580
0,00604
91,48392
194,7
1834
246,9

2,272

LT

1,652
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2.2.2 INDAN (Induction Motor Analysis) Programinda Hesaplanan Ek
Dederler

Burada g¢esitli oranlarda yiikkleme durumunda makinalarin performansina

iliskin 6nemli bazi degerler sirayla sunulacaktir. Daha detayh bilgiler Ek:B 2°de
verilmigtir.

2.2.2.1 1. Makina Modeli

l.makina modelinin performanslarina ait INDAN programiyla bulunan
degerler Tablo 2.8’de verilmistir.

Tablo 2.8 1.makinaya ait performanslarin INDAN programiyla hesaplanan
degerleri

Yikleme Oram_ | % 125 | %100 | %75 | %S0 | %25
Kayma 0,728 | 0,562 | 0,410 | 0,268 | 0,132

Cos @, 0,857 | 0,847 | 0,812 | 0,724 | 0,501

Py yozey 4845 | 3168 1937 | 1095 601
Verim % 95,135 | 95,376 | 95,259 | 94,351 | 90,414
Hiz Moment Egrisi

% Kayma %100 | %75 | %50 | %25

pu Moment 1,392 | 1,336 | 1,262 | 1,209

Gii¢ Faktora 0,298 | 0,294 | 0,288 | 0,288
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2.2.2.2. 2. Makina Modeli

2.makinamin performanslarina ait INDAN programiyla bulunan degerler
Tablo 2.9°de verilmisgtir.

Tablo 2.9 2.makinaya ait performanslarin INDAN programiyla hesaplanan
degerleri

Yiikleme Orani %125 1 %100 | %75 | %50 | %25
Kayma 0,933 | 0,642 | 0,434 | 0,274 | 0,133

Cos ¢, 0,759 0,8 0,803 | 0,752 | 0,563

Py yavey 6314 | 3653 1990 1012 471
Verim % 94,150 | 94,967 | 95,187 | 94,454 | 90,754
Hiz Moment Egrisi

% Kayma %100 | %75 | %50 | %25

pu Moment 1,525 1,624 | 1,738 1,847
Giig Faktorii 0,318 | 0,339 | 0,370 | 0,424

2.2.2.3 3. Makina Modeli

3.makinamn performanslarina ait INDAN programiyla bulunan degerler
Tablo 2.10°da verilmistir,

Tablo 2.10 3.makinaya ait performanslarin INDAN programiyla hesaplanan
degerleri

Yikleme Oram | % 125 { %100 | %75 | %50 | %25
Kayma 0,757 | 0,576 | 0,416 | 027 | 0,133
Cos @ 0829 | 0,822 [ 0,789 | 0,7 | 0479
Py yacey 5210 | 3373 | 2058 | 1172 | 658
Verim % 94,913 | 95226 | 95,147 | 94,246 | 90,261
Hiz Moment Egrisi

% Kayma %100 | %75 | %50 | %25

pu Moment 2,434 | 2,407 | 2225 | 1,77
Giig Faktorii 0,450 | 0,466 | 0,421 | 0,394
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2.2.2.4 4. Makina Modeli

4.makinanin performanslarina ait INDAN programiyla bulunan degerler
Tablo 2.11°de verilmistir.

Tablo 2.11 4.makinaya ait performanslarin INDAN programiyla hesaplanan
degerlen

Yikleme Oram | %125 | %100 | %75 | %50 | %25
Kayma 0,766 | 0,585 | 0,424 | 0,276 | 0,136

Cos @, 0,792 | 0,773 | 0,723 | 0,613 | 0,39

Py yuzey 5727 | 3830 | 2465 1543 1007
Verim % 94,63 | 94,915 | 94,781 | 93,752 | 89,337

Hiz Moment Egrisi

% Kayma %100 | %75 | %50 | %25

pu Moment 2,646 | 2,594 | 2362 | 1,831

Giig Faktorti 0,468 | 0,483 | 0,478 | 0,421

2.2.2.5 5. Makina Modeli

5.makinamn performanslanna ait INDAN programiyla bulunan degerler
Tablo 2.12°de verilmistir.

Tablo 2.12 5.makinaya ait performanslann INDAN programiyla hesaplanan
degerleri

Yiikleme Oram %125 | %100 | %75 | %50 | %25
Kayma 0,735 | 0,567 | 0413 | 0,27 | 0,133

Cos @, 0,829 | 0,811 | 0,765 | 0,661 | 0,434

Py yizey 5202 | 3463 | 2189 1319 809
Verim % 94,939 | 95,176 | 95,034 | 94,054 | 89,863

Hiz Moment Egrisi

% Kayma %100 | %75 | %50 | %25

pu Moment 2,160 | 2,208 | 2,114 | 1,764

Gii¢ Faktori 0,385 | 0,402 | 0,408 | 0,381
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2.2.2.6 6. Makina Modeli

6.makinanin performanslarina ait INDAN programiyla bulunan degerler
Tablo 2.13’°de verilmigtir.

Tablo 2.13 6.makinaya ait performanslarin INDAN programiyla hesaplanan
degerleri

Yiikleme Oram %125 ] %100 | %75 | %50 | %25
Kayma 0,85 | 0,633 0,45 0,29 | 0,142

Cos @, 0,703 | 0,682 | 0,622 | 0,506 | 0,305

Py yozey 7398 | 5019 | 3380 | 2311 1703
Verim % 93,663 | 94,082 | 93,949 | 92,723 | 87,495

Hiz Mbment Egrisi

% Kayma %100 | %75 | %50 | %25

pu Moment 3,124 | 3,150 | 2924 | 2214
Giig Faktori 0,516 | 0,552 | 0,575 | 0,529

2.2.2.7 7. Makina Modeli

7.makinamn performanslarina ait INDAN programiyla bulunan degerler
Tablo 2.14°de verilmistir.

Tablo 2.14 7.makinaya ait performanslarin INDAN programiyla hesaplanan

degerleri

YiklemeOrami | %125 | %100 | %75 | %50 | %25
Kayma 0,797 | 0,603 | 0,434 | 0,281 | 0,138

Cos @, 0,772 | 0,756 | 0,706 | 0,597 | 0,378

Py yozey 6048 | 4022 | 2588 | 1631 | 1079
Verim % 94,43 | 94,771 | 94,663 | 93,63 | 89,145

Hiz Moment Egrisi

% Kayma %100 | %75 | %50 | %25

pu Moment 2,707 | 2,869 | 2,824 | 2247

Giig Faktorii 0,445 | 0,484 | 0,519 | 0,498
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3. BOLUM

3.1 Klasik Yontem ve INDAN Bilgisayar Programi Yardimiyla Cesitli
Modeller Icin Hesaplanan Esdeger Devre Parametrelerin
Karsilastinimasi

Bu boliimde yapilacak olan Karsilastirma Tablo 3.1°de sunuimustur. Bu
tablodaki bilyiiklikklere bagh olarak klasik yontemle bulunan diger bazi degerler
Ek:A.1’de sunulmugtur. Ek:A.2’de ise yine klasik yontemle hesaplanan makina
performanslarina iligkin ek baz1 degerier verilmigtir.
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Tablo 3.1 Cesitli Rotor Oluk Sekillerine Sahip Makinalarin Esdeger Devre Parametrelerinin Karsilastiriimasi

Z2>0Z— x—cn>r->ﬂ

BOYOKLOK | MODEL 1 | MODEL 3 | MODEL 4 | MODEL 6 | MODEL 7 MODEL 5 | MODEL 2
AETR T e | 5 | [
-5 P Y 2|
T i .. : _ '
! _ [ _ !
" _ “ ]
O I m ] J. i
. ; L 5
- 1 # ST ._ M _ _~
= ey e — LB
Pu X2 0,179 0,126 0,215 0,215 0,193 0,194 0,769
pU Xim 7,276 73 5,457 7,25 7,36 6,28 7.4
pu Rz 0,00752 0,0083 0,00812 0,00812 0,0082 0,00824 0,0072
Pu Rm 59,953 61,26 61,923 58,7981 63,261 59,515 59,0353
PU X24 0,1375 0,17649 0,16749 0,21639 0,18967 0,1404 0,30282
pu Xm 2,6198 2,4403 1,85969 1,36122 1,7858 2,13099 3,18759
pu Rz 0,00593 0,0094 0,0059 0,00606 0,00804 0,0059 0,00599
pu Rm 93,7414 93,4389 91,763 89,3189 91,4839 92,6394 94,6725




4. BOLUM

4.1 INDAN Programu Yardimiyla Yapilan Hesaplar Esas Alinarak Cegitli
Rotor Oluk Sekillerinin Motor Cikis Biiyiikliiklerine Gére
Karsilagtirimasi

Bu boélimde makinalanin sadece % 100 yikklenmesi durumunda
performanslann nasil etkilendigi Tablo 4.1°de verilmigtir. Baz1 bityiiklikler 2. boliim
2. kissimda da sunulmus olmasina ragmen degisimin nasil bir sekilde oldugunun
gorulebilmesi daha kolay olacaktir.

Tablo 4.1 Tim makina modellerinin motor ¢ikig biyiikliiklerinin %100
yiklenme durumu igin INDAN programiyla hesaplanan degerleri

Verim % Cos @, Iy s puM g
Model 1 95,376 0,847 1071 0,5562 2,444
Model 2 94,967 0,8 1145,8 0,642 1,432
Model 3 95,226 0,822 1083,2 0,576 2,07
Model 4 94,915 0,773 1090,6 0,585 2,214
Model 5 95,176 0,811 1078 0,567 2,412
Model 6 94,082 0,682 1125 0,633 1,758
Model 7 94,771 0,756 1099,4 0,603 2,218

* :Temel Moment 4810,34 Nm’dir.




5. BOLUM Sonug

Her iki yontemle yapilan incelemelerden de gorilmektedir ki degigik rotor oluk
sekillerinin degisik etkileri vardir. Her ne kadar birbirlerine gore ¢ok bilyik
ustinlikleri olmasa da énemli olan igletme kosuluna uygun rotor kafes yapisimin
se¢ilmesidir. Genel kullanimda ise st olugu dairesel alt olugu dikdortgen (veya
kare) kesith ¢ift kafesli asenkron makinanin dier rotor sekillerine sahip olan
makinalara gore tercih edilebilecegi soylenebilir. Bityiik yol alma momenti istenen
uygulamalarda ¢ift kafesli rotor oluk sekli tercih edilmelidir. Oluk genisligi az
yitksekligi bﬁyﬁk olan rotor oluk sekillerinde yol alma akim biraz daha biyiiktir.

Hesaplamalar agamasinda rotor kafesinin direnci disiiriildigiinde kagak reaktansin
degerinin arttifn goéridmugtiir. Su da bilinmelidir ki, rotor direncinin disiirilmesi
rotor kayiplarim da degistirmektedir (azaltmaktadir). Bunun verim iizerinde olumlu

etkiler yaptif1 da agikardir.

Rotor kafes yapilannin arasindaki uzakhk arttikga kalkig akiminin ditgmesi olumlu
bir ozellik olarak soylenebilir. Ancak devrilme momentinin de diigmesi bunu

golgelemektedir.

Bu calima da hesaplamalar agamasinda gézlemlenen dikkat ¢ekici bir baska husus
da miknatislanma akimi ve miknatislanma egrilerinin énemidir. Bir dnceki boliimde
de belirtildigi gibi bu biyiikliikler hemen hemen tiim makina konstrikksiyonunda
kendilerini hissettirmiglerdir. Sonuglardan da izlenebilecegi gibi rotor oluk kafesleri
arasindaki uzakhik arttikga motor veriminde de, gok kiigiikk oranda da olsa, azalma
goriilmektedir. Bunun yaminda yine rotor kafesleri birbirine yakin olan modellerde
devrilme momentinin de daha yiikksek bir degerde olmasi olumlu bir 6zelliktir.
Ayrica bu tip motorlarda kayma daha kiigiikk olmaktadir.

Klasik yontem, her ne kadar uzun ve dolayisiyla zaman alic1 bir yol olsa da igletme

amnda gerekebilecek detayh bilgileri de igerdiginden tercih edilmesi mantiksal bir "
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segimdir; ancak eger siirli bir bilgiye hem siiratli hem de o an igin gerekmeyen
detaylara girmeden ulagilmak isteniyorsa INDAN programi ile kolaylikla amaca
ulasilabilir. Programin diger bir avantaji ise degisik yik durumlarinda makina

bityiikliklerinin ne durumda oldugunu da géstermesidir.
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INDUCTION MOTOR ANALYSIS

PROGRAM INDAN

INBUT SHgg,

Numerical data are entered with the first digit in columns 1,11,2; et
as indicated. Decimal point is optional. All dimensilons are in mm. ¢

IDENTIFICATION (line 1):

Max. 80 characters, including bja,
=d Dlan

~
—
Description Col. Data Line
KW 1 N
’B:SE KVA 11
VOLTAGE (volts) 21
STATOR PUNCHING MATERIAL S1l total 0C core loss = H/kgltlgnz for teeth 5
W/XG TEETH, B=1.0 61 / oke,_ nherer ] =Hpea§ lur deasity,
W/KG YOKE, B=1.0 - ) 7] /xg=3.§ at 50 Hz, =5.0 at §0 dz for 0.35 a3 ¢
STACKING FACTOR =0.95 1 stray load loss outside windings =
STRAY LOAD LOSS TACTOR =1.0 11 factort| H ( ole itcnl ACH 2
W&F LOSS FACTOR =0.05-0.15 [21 ot il (o)
OUTSIDE DTAMETER - 31
INSIDE DIAMETER r§t Loss = facagt| iy 384 (b 048 (204, 2.15
STACK LENGTH 51
NO. OF VENTILATING DUCTS 61 16108 i i
WIDTH OF VENTILATING DUCT 7 }“' i lf. . s eo‘ciiégﬁ%&?iﬁ% o
icaoss SECTION, SPACE BLOCK 1 veatilation ties for radial veatilatio
ilﬂ.ﬂ-{BER OF STATOR SLOTS 11
NO. OF VENTILATING HOLES 21
HOLE DIAMETER . 31 4
SLOT WIDTH, MIN. 41 } o~ Sue if open slots
MAY ., 51
NECK WIDTH (abov< wedge) 61
NECK DEPTH 71
SLOT DEPTH 1] <~ Total deptd, fros air jap to bottes of slet
TAPER DEPTH 11 <« lero if opea slots :
WEDGE DEOTH 21
MAGNETIC=1, NON-MAGNETIC=0 31 s|  fero if opes slots < Yeck width*
RADIUS AT BOTTOM 41 ¥eck d:
HORIZONTAL SPACER 51 Taper deptd g Yedge ¢
‘STATOR WINDING cCob=2 * |61 v
[TURNS PER COIL 71 vidth, nit
{STRANDS PER TURN 1 |
{CU-WIDTH 11 o Q-diaeter for.
CU-DEPTH 57 [ randox vindings.
INSUL. ALLOWANCES, TWQ SIDES Does oot include
ARMOR TAPE 31 6 ftars and strand . -
MAIN INSULATION, COIL END [ }/ i tud ot il nar
£LOT 51 w AIIOT Lape. A
| TURN INSULATION 61 for randoa winding, 2 * th'k of slot liger.
L | STRAND INSULATION 71 Does ot include straad insulatics.
F.CONNECTION. (Y=1, D=2) 1
.‘TNO. OF PARALLEL CIRCUITS 11 .
!ICOIL PITCH ’ 21 <« Iqual to 7 for slot § to §
E]MEAN LENGTH OF TURN 31 Can be entered as zero and detacnined by the
 PU ADDITION, RESISTANCE 31 [~ Prograr.
REFERENCE STATOR TEMP., °C 51, «— Often 120
’AIR GAP 61
"ROTOR PUNCHING MATERIAL I ] <~ Oftea the saxe as Ip lige 2
l STACKING FACTOR =0.95 11
'BORE DIAMETER 21
NO. OF VENTILATING HOLES 31
@ DIAMETER 1Y

L'l

]

W e
o oan

two layer winding in whole slot
two layer winding in top half slot
two laver winding in bottoam half slot



-
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INDUCTION MOTOR ANALYSIS

FROGRAM INDAN INPUT SHEET

: Description Col. Data Line
NUMBER OF ROTOR SLOTS 1 !
SLOT DEPTH 11 < Total deptd, fros air qap to hottox of ilot
NECK WIDTH 21
INECK DEPTH 31 9 -
TAPER DEPTH (zero, round bar) 41 N
MAX. NECK FLUX DENSITY AT START [S51 Mo i
REFERENCE ROTOR TEMPERATURE, °C (61 +— Aftea 180
ROTOR WINDING CODE 71 zziﬁﬁgyyfrununhrhn
Trapaezoidal or rectangular bars 3=deN0ftﬂPecwerwuuuhrwp:a
ASSEMBLED/CAST AL BARS (1 or 2] | 1 { d““‘°f‘“Pe¢Whrwwdhnhu
W1l = SLOT WIDTH, TOP 11
W2 = SLOT WIDTH, BOTTOM 21 [ j (‘
D3 = BAR DEPTH . 31 19
CLEARANCE, TWO SIDES 41
PU BAR RESIST. (CU=1, AL=1.6) 51
BAR EXTENSION, ONE SIDE: 61
PU BAR AREA, EXTENSION (<1) 71
CU/CAST AL ENDRING
CROSS SECTIONAL AREA 1 114
AVERAGE DIAMETER ' 11]
Inverted T-bars
[ASSEMBLED/CAST AL BARS (1 or 2) | 1 -
W1 = SLOT WIDTH, TOP - 11 L
W2 = SLOT WIDTH, CENTER 21 ]
W3 = SLOT WIDTH, BOTTOM 31 10
D2 = SLOT DEPTH, TO? 31 . - o 02
D3 = BAR DEPTH, TGP S1 < 3
D4 = BAR DEPTH, BOTTOM 61l )
CLEARANCE, TWO SIDES, TOP 1
BOTTOM 11 a
PU BAR RESIST. (CU=1, AL=1.S§) 21
BAR EXTENSION, ONE SIDE 31 11
PU BAR AREA, EXTENSION (<£1) 41 \
CU/CAST AL ENDRING TR
.CROSS SECTIONAL AREA 51
AVERAGE DIAMETER 61
Assembled double cage or caat aluminum triple cage
Wl = SLOT WIDTH, TOP 11
W2 = SLOT WIDTH, LEAKAGE 21
W3 = SLOT WIDTH, CENTER 31 10 j ( _
W4 = SLOT WIDTH, BOTTOM 41 .
D2 = SLOT DEPTH, TOP 51 can be - 02
D3 = SLOT DEPTH, LEAKAGE 61 rongd —>
D4 = BAR DEPTH, TOP 71 4
1n5 = BAR DEPTH, BOTTOM 1 W 0 -
CLEARANCE, TWQO SIDES, TOP 11 .
BOTTOM 21
PU BAR RESISTIVITY, TOP 31 11
BOTTOM (CU=1, AL=1.6) [41
'BAR EXTENSION, ONE SIDE, TOP 51
BOTTOM [61
CU ENDRING, TOP/CAST AL ENDRING
CROSS SECTIONAL AREA 1
AVERAGE DIAMETER 11 12
CU ENDRING, BOTTOM geres for
CROSS SECTIONAL AREA 121 < triple
* AVERAGE DIAMITER 31 } cage







FROGRAM INDAN INDUCTION PMOTOR

& POLE, 500 KW HMOTOR

s} S0 D

BASE KVA  &10.000

VRLTAEE  4000.0

FREGUENTY 50,000

NUMBER OF FOLES 6.9

STATOR FPUNCHING MATERIAL 1.0
WokE TEETH, B=1.0 3,300
WG YOKE, B=1.90 . 500
STACKING FACTOR ©.970

STRAY LOAD LOSS FACTOR 1.000

WEF LOBS FACTOR 9.0600

CUTSIDE DIAMETER G700

INSIDE DIAMETER SO0 .0

STaCk LeENGTH 47¢.0

MO, OF YEMTILATING DUCTS i

WIDTH OF VENTILATINDG DUCT &.4

CROSS SECTION, 8PACE BLRCK 8.0
NUMBER OF STaATOR 8LOTs  72.0

ND. OF VENTILATING HOLES 0.0
HOLE DIAMETER 0.3
SEOT WIDTH, MINM. 11.35
MEX. 11.8

NECK WIDTH {ABOVE WEDRSE) 11.5
MECE DEFTH 1.0
SLOT DEPTH &3Z.0
TRFER DREFTH 0.0
WEDBE DEFTH Z.4

NON-MAGNETIC
RADIUES &7 BOTTOM .00
HORIZOMTAL 3PACER 2.0

AN BACLMD TR I Y DR 4 vty oy

ANALYSIE

STATOR WINDING CODE L.0

TURNG FER COIL 1L2.0

STRANDS PER TURN 1.4

CU-WIDTH 7.60

CU-DEFTH 1.81

INSULATION ALLOWANCES, TWO SIDRES
ARMOR TaAFE .00
MAIN INSLLATION, COIL END  ZT.3D

SLOGT 230

TURN ITHNELLATION ©.00
STRAND INSULATION ¢.20

COMNECTION Y

NJ. OF PARALILEL CIRCUITE 2.0

CRIL FITOH 10.0

MEAN LENETH OF TURM 2358.8

FLE ADDITION, REZISTANCE o.008

REFERENCE BTATIR TEMP., DES. © 1292.0

AIR BRFP L350 '

FOTOR FUMNCHING MATERIAL 1.2
STACKING FACTOR ©.970

BORE DIAMETER I70.0

MO. OF VENTILATIMG HDLEES &0

HOLE DIAMETER 0.0

MUMBER OF ROTOR SBLOTS  28.0

SLOT DEPTH &E.O0

NECK WIDTH 250

NECK DEFPTH 2.00

THFER DEFPTH 0.00

MAX. NECK FLUY DENSITY AT STA

REFERENCE ROTOR TEMP, , DEG. ©

ROTOR WINDIME CCRE Z.9

ASSEMBLED INVERTED T-EBEARS

Wi = SLOT WIDTH, TOF 4.00

W2 = gLOT WIDTH, CENTER 12.80
WX = SLOT WIDTH, 307TToM 3,30
D2 = SLOT DEFTH., TOF 12.0

D3 = BAR DEFTH, TOP 11.7

D4 = BAR DEFTH, RBOTTOM 40.7

CLEARAMCE, TWO ZIDES, TOF 0.30
CLEARANCE, TWO SIDES, EITTOM ©.30
FUb BpR RESISTIVITY 1.000
BAR EXTENSIOM, ONE 3SIDE Z0.0
PU BAR AREA, EXTENSION O.300
CU ENDRING
CROBE SECTIOMAL ARES 1775.1
AVERAGE DISMETER 477.4

AT T M, TR t:'r/\”"'nml THRIG G AT TN 10 TP L

T 4y
f'\s PR RN

LBO.0



SYNCHRONCUS RPFM 1000.0
FERIFPHERAL SPEEDR. MU/BEC
DASE STATOR CURRENT ag.0
BASE TORGUE., NEWTONKMETER 4810.73
FLUX AT NO LOAD 0.0782&6
STATOR CURRENT DENSITY Z.Z0
SURFACE LUOADING, W/80.CH
STATOR., SELOW WEDBE
DUE TO DL LOSS ©.0093
DUE TO TOTaL CU-LOB3 O.0416
STATOR, TOWARDE ALIR GaF
DUE TO CORE LOBS 0,423
DUE TO TOTAL CU-LO8S £.332
TEMPERATURE RISE (NOT ALKWAYE CARLC. G
STATOR, RTD 42.&
O, UFFER &
Cu, LOWER 44.5

b A
(AR AN o)

1

-

st a

TEETH 39.7
COCLING AIR 24.0

FACTORS

QUTRUT FACTOR  3.8605

FITCH FROTOR D.7EL
WIMDIMNG FOCTOR ©.922
CARTEWR 3 COEFFITIENT 1340
*1 EDDY CUEREMT LOBE. MaX. 0.061
AVE., 0,007
RATIOS
A/CM STATOR LOADING 403.6

FU COIL FITOH C.8FZ

STATOR SLOT WIDTH/ATR 8AF 2.24%
ATATOR SLOT/TOCTH WIDTH O.783

VYOLTE PER TURN  18.7923
ATATGR SLOTS/POLE 12,000
FOTOR SLOTES/FPOLE P H&ET

CU-FILL FACTOR
RANDOM WOUND BTATOR
DIMENSIONS

D a0

WINMDING

LENGTH OF STATOR PaCHABE  41.6
NET STACK LEMETH 40Z.5

BaP DIsM. 2&.1
GAR DIAM.

3LoT

STATOR SLOY PITCOH.
ROTOR BSLET PITOH.
CLEARANCES IN STATIR

IN THE WIDTH C.40

e
PRI

IN THE DEFTH 2.1é6
MEX . FLUX DEN&ITIER
AIR BAF 0.833
STATOR TEETH .72
STATOR YOKE 1.347
ROTOR TEETH 1.747

L&E2

ROTOR YOKE
TOTAL . N LUOAD

LOAD FPOINTE
4 LOAD-

e

19,736

CUR. DM MAIMN STATOR INBULATICON
WEIGHTS
cl. ETETOR 2427
ROTOR WINDING 183.4
STATOR PUNCHINGS
TEETH 284.0
YOKRE 387 .2
TOTHAL ant.2
ROTOR PUNCHINGS

-

TEETH 201.2
YOuE 2440

L4E 3
RUNNINMG CONDITIONS

TOTAL

FU REACTANCES,

XLl ©.08710

L2 0. 137030

XM 2.601%8
RESISTANCES,

OHM, Z0 DEGREES

STATOR, PER PHEBE 0.22146730
BTATOR., LINE-LINE 0.44T7300

RUMMING CONDITIONG
STRAY LOAD LOSE)
BrINM EFFECT)

PER UMIT,

Rl (IMOL. .01887

B2 (WITHOUT BFIM EFFECT) 0.0056
BMOCIN PARALLEL WITH XmM) 23.74163
MESSURADZLE LDEBES
WINDAGE AMND FRIITIOMW L0OEZ T.782
CORE LOSS & .03
ITATOR -SQUAREDAR LOBS 7.180
ROTOR I-SQUAREDER LOBS 2.837
STRAY LOAD LOSE Z.1322
NOM MEABURABLE LDES COMPONENTS

CORE 1085

TEETH 2. 585
YOrE F. 838
ETRAY LOAD LOBE

L0032

Z.0T70

STATOR WINDING ERDY LCSE
QUTSIDE STATOR WINDING
AT RATED LOAD
ROTOR BLOT CURRENT
REOTOR CURRENT DENSITY

OTLLG

=T
o Sy

a2 VEMTILATION, CTURM/SEC 0,877
) M/AZEC STATOR TEETH, MAX. ig.44
AT STALLED COMDITLION .
DEGREEGS/SECOND, STATOR Z0.13
5 ROTOS  118.211
aME L TURNS P BTATOR CURRENT
ATR&.08 0, 2R20
B39 S.0118
20,8 00,0039
4147 L 0,.0738
138.8 00,0259
1987.9 0N, EF719
PLYVLTE, MO LDAD atgdess)
1.2 1.1408 Lo, 45 g
1.1 0L, 5E94 47,728
1.0 0,371% I2.74
0.9 0.2587 RELRGL
2.8 0.2120 18.47
100 7 =y e



LAl FOINTS

¥ LOAD 125 100 7= =0y 5
YOBLIF 0,728 0. 882 0. 410 L2688 0,132
FilSTATOR CURRENT 1.244 1.007 .788 0. 522 . 479

P )

FU ROTOR CURRENT 1.32a 0.838 D.AEE 0,432 CL214
FORERFACTOR 0. 857 C.847 0.812 0.724 Cra S04
STATOR I-SQUAREDXR LOBE 11.142 7,283 4,455 2.%918 1.381
ROTOR I-SQUAREDRR LOEE 4.&87 2.832 1,250 D.ETE 0. 1466
BTRaAY LIAD LOSE 4.845 Z.1468 1.937 l.098 0. 5601
% EFFICIENCY 5. 138 F4.376 PE.2RT P4, 351 Fo.ala

SPEER-TORQUE CURVE FLbL-UF PULL -0
% BLIP . 100 7E =0 2& 23 Z.543
PU TORAUE : 1.392 1.33& 1.262 1.20%9 1.20%9 2.444
FU STATOR CURRENT 5,738 5. B0s S.224 4.354 4.854 T.148
FU ROTOR CURREMT ¢ S, 582 5. 202 5,030 4.647 4.647 2.9380
PORERFACTOR 0.293 02794 0,288 0.288 . 2ed D&%
FRCTOR R2 &. 266 4., 9EQ 2.475 1.949 1.949 1.0L4
FECTOR XL2 0,593 0. 6549 0,725 2. 834 0,834 D25

S POLE, SO0 Bl MOTOR

SO0 &10 4000 S & . 1 E.: .5

.77 1 LG a7 SO0 470 2 &

i8 72 0 % 11.8 1.8 1.5 L

&3 ] A 0 2 2 1 12

i 7. b 1.31 £} 3.3 3.3 0 o
z 10 SEEG. 439 L0008 120 1e3

LFT 370 0 0
sa - 55 2.5 2 ) 2.1 180
1 12.8 3.3 12 1.7 40,7
53 5 i S0 = 177L.061  477.4

[

v n w ot



ot et b e ¢ i i <




S TMDAM INDUCTION MOTOR AMALYSIS

S00 . 000 STATOR WINDING CODE 1.0
VA £10,000 - TURMS FER £DIL 12.0
3E  4000.0 STRANDE FPER TURN 1.0
IMCY  S0.000 CU-WIDTH 7.6&0
T 0F POLES 4.0 CU-DEFTH 1.81
) . INSULATION ALLDWANCES, TWO SIDES
I PUNCHING MATERIAL 1.0 ARMOR TAPE 0.00
3 TEETH, B=1.0 3,500 MAIN INSULATIONM, COIL END  Z.70
3 YORE, g=L{.0 (E.500 . .07 I.ED
SEING FACTOR ©.970 TURN IMBULATION 2.00
LOAD LOSS FACTAOR 1.000 STRAND INSULATION .20
188 FACTOR 0.0800 CONNECTION Y
DE DIAMETER 870.0 NG. OF PARALLEL CIRCUITE 2.0
I DIAMETER &O0 L0 COIL PITCH 10.0
LENGTH 470.0 MEAN LENGTH OF TURN Z758.35

L

FOMEMTILATING DUCTS RPN FLY ADDITION, RERISTANCE 2.008

OF VENTILATING DUCT  &.0 REFEREMCE STATOR TEMP. . DEG. C 120,03
SECTICM. SPACE BLOCK 1800 AR AR 1.390

R OF 8TaTOR SLOTs 2.0 ROTOR PUNCHING MATERIAL 1.0
FOMENMTILATING HOLES 0.0 STARCKING FACTOR Q.970

DIAMETER 0.0 BORE DIAMETER 240.4

ATDTH, MIM. 11.8 M, OF VENTILATING HOLES 0.0

MAX. 1i.38 HOLE DIAMETER 0.0
AIDTH (AROVE WEDBE) (1.8 MUMBER OF ROTOR BLCTE B2.0
DEFPTH L.0 SLOT DEPTH 119.80

CEFTH  &3.0 MECK WIDTH 2. 50
DEFTH (0.0 NECK DERTH 2,00

DEFTH Z.0 TAFER DEPTH 0,00
~MAGNETIC MAX. MECK FLUX DENMZITY AT START 2. 100
3 AT BOTTOM Q.00 REFERENCE ROTOR TEMP., DREG. T 180.0
ONTaL 8PACER 2.0

ROTOR WINDING CODE 1.0

ASBEMBLED RECTANGLLAR 550

Wl = SLOT WIDTH, TIOF 4,00
W2 = SLOT WIDTH, 8aTToM 4.00
DI = RBAR DEPRTH 117.8

CLEARANCE., TWO SIDES 0.30
FU BAR REBISTIVITY  1.000
DAR EXTENSION, OME SIDE S0.0
FU BAR ARES. EXTENSIOM 0,300
CU ENDRING
CROSE SZCTIONAL ARES L771.1
AVERAGE DIAMETER I77.4

ROMOLRG BPM L0, 0 CUBL.DM MOIN STATGR NSULATION 19.778
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M 1000,
SFERD .
CURRERNT

‘hUNU”m
AHERS
8T8 th
TORGUE ,
AT NO LORD
TOR CURRENT
FACE LORDIMNG,
FATOR, LELDW WED
DUE TO DO LU””
DUE TG TOTHL
TATOR, TOWARDS
DUE TD CORE LLOBZ
DUE TQ TUTAL
FERATURE RIBE {(p0T
TATOR, RTD  4Z2.4
T, URPER
Cud, LOWER
TEETH 3

SR

RIT‘:mM{

oo

AR

ERE]

‘Ol BTATOR LdAUme
POOOEL SITOR 0Ly

.
W
16.7

WYOR BN
Ao 2LaTsTu
18 FER ek

BTUR SLOTEAPC

TOR SLOTS, POLE
L FROTOR
WEGH  H0UND
Ui

MEl

LT

.
o

LR

o

5
\_}{’\

TR

THOUF BTAT

- . NI
TTOoSTACK LENBTH
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AEFE GRE

SU-L 058

SLaT

CUs . DM
WEIGHTS
O, 8TATOR g g
AOTOR WINDINE  148.2
BTATOR PUNCHINGS
TEETH 244,
YIRE JBEF.0
TOTHL BOL.2
ROCOR PUNCHINGS
TEETH
Y{HCE
TOTAL
W E L?&Nt&
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] MAIN BTATCR INS SULATION
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AL POINTS
4oLDAR
noBLIR
FUSTaTOR CURRENT
H P'CIGF' LURFR‘EN?
FOMWERFRCTOR
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STATOR I-BQUAREDXR LOSS
AOTOR [-SRUAREDRR LDSS
SBTRAEY LOAD LO80
% OEFFICIENCY .
EEL-TORQUE CURVE
A
=UOTORGLE %
FLb 8TATOR CURRENT
= ROTOR CURRENT
FONERFAOTER
FACTOR R2
FA4CTOR ORKLE
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7 i PRSTN
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5.8%58
L4

-
Y

.
!
43 a

F4 .

150

&.3E29 &
(A ) X

O
]
):‘\

ey
T ..‘.J\.. “

i

romy

Li7.a

439

2.

100

U E )
1.082
47

Y
£

&3

el
3
154
Kt
-
3
4

<3 L py e

[T RS
~d )

o
4354

758

o,
0,
Q.67
0. 303
4,877
L8458
1.990
"? Py i\.., s

=80
1.7z8
B4 0&HD
&, P10
DLETD
4 .946%
DR )

=60

0274

0. 567
D835
0,752
R I e T
e d et e

0. O
l.o12
95,454

Iy
ol

1.847
4,387
4,194
0. 424
3u&18

g) C)E-'

?

PU

~
25
0,137

0.389
D.21

0, 85&53
1.084
*)., a7

471

fu )

il ~UF
10

[-Sr -2
ERRE v

5. 687
5,549
0,318
5.829

&
i> : a.‘l-.'u

FULL-OUT

12
-
P



i

ety " .

T

ST T

oo
e et e
b
—ne,
B ~
Tt o g T
i =
b
i s
H o
e ot A e T2
- . ‘l‘ll*
. S s £




o o

FACTOR XLE DL, BEI D419 0. HIE3 ©.7T Cal o Do

FROGRAM  TNDAN INDUCTION MOTOR ANALYEIB

: Ve, OO0 STATOR WINDING CODRE .0
SHE VS G0, 000 TURNE FER COIL 2.0

SOLTREE 0000 BTRANMDE PER TURN 1.0

! LEMCY 50,000 CL-WIDTH 7.589

MUMBRER OF POLEDS &.0 L-DERPTH 1.81

INBULATION ALLOWANCES, TWO SIDES

STATOR PUNCHING SMATERIAL 2.0 ARMOR TAPE .00
WAKE TEEZTH, B=1.0 3Z.300 MAIN IMSULATION, COIL END  3.30

el

WARG YORE, B=1l.0 o SN SLOT  Z.30
STACKING FACTOR D.970 TURM INSULATION 0,00

STRAY LOAD L0858 FACTOR 1,000 ATRAND INSULATION 0.2C
WaF LTS FACTOR 0.0800 CONMECTION Y

QUTRIZE DIAMETER 87C.0 NO. OF FARALLEL CIRDUITE 2.0

INSIDE DIAHMETER AQLL 0 CoIL PITCH 10.0

STACK LENGTH 470.0 MEAN LENGTH OF TURN 2338.3

N OF MERTILATING DUCTS .0 FU ADDITION, REBIETANCE ©.008

WIDTH OF YENTILATING DUCT 5.0 REFERENCE 3TATOR TEMF., DEG. T 120.0
CROBS SECTION, SPACE BLOCY 18,0 AIR GBAF 1,30

NUME OF GTATOR SLOTE TZ.U ROTOR SUNCHING MATERIAL 1.0

MOL OF WENTILATING HDLEE ©.0 STACKEING FACTOR 0.970

HOLE DIsMETER ©.0 RORE DIAMETER 3I&82.8

SLOT WIDTH. MIN. 11.

1i NO. OF VENTILATING HOLEE 0.0
MAaxX. 11. HOLE DIAMETER 0.0
MECE WILTY {ABOVE WEDBE) 11.5 "NUMBER OF ROTOR SLOTS  28.0
NECK DESTH 1.0 S5L0T DERPTH 38.70
SLOT DEFPYH &3.0 NECE WIDTH 2. &G
TAFER DEFRIH 0.0 MECK DEFTH - Z.00
HEDGE DERTH 3.0 T&FER DEPTH 0,00
MO MABNETID MAX. NECH FLUNY DENMBITY &T START Z.100
RAEDIVG AT ROTTOM REFERENCE EOTOR TEMR., DE CoaBo.o
FORTZIONTAL SPACER

PX g ocn

ROTOR WINDINMG CODE Z.0
ASSEMBLED DOUBLE CABE
RECTAMBULAR TOFP BAR

Wi = BL0T WIDTH., TOF 4,00

SLOT WIDTH, LEAKAGE Z.00
SLOT WIDTH, CENTER 12.80
BLOT WIDTH, BRTTOM .70
SLOT DEFPTH, TOP L11.7
SLOT DEFTH, LEAKAGE 4.0

D4 BAR DEPTH, TOF 11.7

Do BH&R DEFTH, BOTTOM 41.0

. CLEARANCE ., TWO SIDEEZ, TOF 0,30
N : EQTTOM .30

FU BAR REZISTIVITY, TOF  1.000

ROTTOM  1.000

BAR EXTENSION, ONE SIDE, TOF BO.0O

BOTTOM 50,0

W2
W
Wa
D2
2

LI I O I

Cu ENDRING, TOF
CROGBG SECTIONAL AREM  132.5
AVERARE DIAMETER §70.7

U ENDRING, BOTTOM
CROS8S BECTIONAL AREA 1588.4
AVERABE DIAMETER 48B.&



SYMCHROMOUS RPM 1000,0
FPERIPHERAL SPEED, M/SEC 31,2
BASE STATOR CURRENT az.0
BASE TORQUE., NEWTONIMETER
FLUX AT NO LOAD  ©0.07836
STATOR CURRENT DENBITY 3,301
SURFACE LOADINE, W/ 50.CM
STATOR., 2ELOW WEDGE
DUE TO DC LOSS 0.059%
DUE TO TOTAL LU-LOSE
STATAR, TOWARDE AIR GAF
DUE TO CORE LOSS ©.688
DUE TC ToTaL Ty-LOSss
TEMPERATURE RIBE [MNOT BLWAYS
STHT“R, RTD 42.&
ClU, UPFER 43.2
Cu, LOWER 44.5

..,
\

4810,

DL.001E

)

0,532
CaLL. Y

TEETH 39.7
COOLING AIR 24.0

FACTORS
QUTAUT FARCT
FITSH F”CWGR

TLADE

0,786

WINODING FACTOR .922

CARTER'S COEFFICIENT 1.540

FLEEDDY CURRENT LOSE, MaX. 0.041
AVGE, D007

RATIOS

S0 BTATOR LOADING 403,64

Fuowlin PITOH 0,838

STATOR BLUT WIDTH/AIR B4F 2.8446

STATOR SLOT/TORTH WIDTH O, 7a%

1&.793

VOLTES FER TURN

BTATOR SLOTS/POLE 12,000
FJT FOSLOUTSAPOLE B kBT
SU-FLLL FAL ar".
RQNDQW WOUMD STATOR RINDING ©.000

DIMEMNE IONS

LENGVH OF O STATOR 4.8
NET STACK LENGETH
Ll TOR SLOT PITCH, be DTHﬁ 2&.18

QUV0R SLOT PITCH, GAF DIAM. 32.3a

SLEHRQNLt” IN STETOR BLOT
IN OTHE WIDTH 0,40
IN YHE DEFTH Z.14

MEY .
IR BaP
STATAR TESTTH

ITATOR YORE 1,34?
HITOR TEETH 1.787
LT0R YORE 1,652

Uia., NO LOAD

bl )

CUB.DM MAIN STATOR INSULATION 19,737
WEIGHTS
CU, STATOR 24,7
ROTOR WIMDING 13&.2
STATOR PUNCHINGS
TEETH  244.0
YOKE 557,32
ToTAal 801,79
ROTOR PUNCHIMNGS
TEETH  217.3
YO 2E LB
TOTAL  457.3
FLOREADTANGCES ., RUNNING COMDITIONS
Xl ©L.ORAEE
XL2 0.17&49
XM Z2.4540
r"”I“THNLES. DHM; 20 DEBREES
STATOR, FER PHASE ©,201&51
STQTDR, LINE-LINE Q. 443307
FPER UMIT, RUMNING CONDITIONS
AL (INGCL., STRAY LOAD LOSS) 0,015689
FZ (WITHOUT BTN EFFEDT) CLONEDL
RM (IN PARALLEL WITH XM}  97,43890
MEASURARLE L.OSSES
WINDAGE AND FRICTION LOS3  Z.742
DORE 'n~“ &L OY
STATOR [~BAUAREDLR LO8S T L8O
BOTOR lmSGUAnED#R i alot 2906
ATEAY LOAD L.0S8 A Bl

NOM MEASURGELE LOSS COMPOMENTS
CORE L0SS
TEETH 2,588
YOKE o7

STRAY LORD LD

“1Q1ﬁ0

N ND “JD ED""

: DURRENT  10:3. 2

MQ‘DH CURRENT DENSITY  z.337
VENTILATION, CUR.M/SEC 0. 840

M/SEC STATOR TEETH, MAX. 18.

AT BTALLED CONDITION
DEGREEB/EECOND, STATOR 29.57
ROTOR 203,37

AMELTURNS FUOSTATOR CURRENMT

L32&6.8 DL 2AR0
58.7 QL0122
TR0 E ﬂ QOIG
531.8 SRR ER ]
134,32 H.OZES
E0TR2.8 0L ERET
VILYE, NO LHQD . SMFE
L 1. 5877 LITT7 .68
el CLAEL40 S L 06
L 0, IRET 54 56
0.7 DLATIO 24 .39
0.8 0,2193 18.87

.05

o 3 e

3. ?,‘".7'.)



/b POINTS

%4 LOAD el 100 7= 20 o8,
W OBLIF 0.TET 0L ETE G 41E 0,270 0L LEE

B STATOR CURRENT 1,293 1.037 0,817 0,51 0. 459
FU ROTOR CURRENT 1.147 0.89% 0, 659 0,474 G,218

WERFACTOR 0.829 0.2 0,785 0, 700 GL.a79
STATOR [~SGUAREDRR LOSE  11.983 7,757 4,732 2,698 1.514
ROTOR 1-SOUKRED#R LOSS 4,763 2.908 - 1,573 0. 681 0,167
STREY LUAC LOS5 T 5,210 ZL AFE T L0EE 1.172 0,652
% EFFICIENCY 94,51% 98,226 55,147 94,248 90,761

FEED~TURRGUE CURVE FPULL-UR  PULL-0OW

iOBLIF 100 75 S0 28 10 C2.261
MU TORGUE 2.434 2.407 2,285 L.774% 1,520 2.070
FU STATOR CURRENT S 683 5. 280 L. 7T 4,188 2.833 2. 70

FUOROTOR CURRENT .31 Sta LUE 4. 87¢ Fa764 R 2.508
FOWERS AEVON O, &80 T dbb D. 468 L. 82l 29,394 . HEO0
FACTOR RE 1i.118 P . 5640 FLIE7F I.913 1.4628 1.035
FRCTOR XLE Q. 404 QL iad Q. 3ET CLTAE DLFL0 D.97Y

Hi0 AD00 S5 & 1 A1 205
M .0 arvo SO0 470 7 &
72 2 3 i1.8 1i.5 11.5 1

3 o 3 £ 2 2 L 132
7l 1.81 o LA FLE o P
z i T L3 130 1.3
JFE F62.6 i i

3 BT 2.5 2 o 2. 180 =
&4 2 12.8 0B 14.7 4 11.7

L . 0 o3 i 1 S0 o

2.5 EF0.7 1388.46 488.5
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DBRAM  INDAN INDUCTION MOTOR ANALYSIS

D00 .. 000 STATOR WINDING CODE 1.0
3E kVA B0, 000 TURNS PER COIL 12.0
LTABE  4000.0 STRANDS PER TURMN 1.0
ZOLENCY  S0.000 CU-WIDTH 7.&0
MBER OF FOLES &.0 CU-DEFTH 3.81
ITMNSULATION ALLOWANCESR, TWO SIDES
ATOR PUNCHING MATERIAL 1.0 ARMOR TAFE 0.00
AEE TEETH, B=l.0 BE.500 MAIN INGULATION, CO0IL END 3,30
MARG YakE, B=L1.0: Z,500 8LOT Z.Z0
STACKING FRCTOR 0.970 TURKN INSULATION 0,00
Rey LOAD LOBSSE FACTOR 1.000 STRAND INSULATION .20
FOLOBE FACTOR D.0400 CONNECTION Y
TSIDE DIAMETER 870.0 NO. OF FARALLEL CIRCUITE 2.9
3IDE DIAMETER SO0 L0 COIL PITCOH 10.0
A0 LENGTH 470.0 MEAN LENGTH OF TURM 2358.5
. OF VENTILATING DULTS .0 PUOADDITION, RESIBTAMCE ©.008
DTH OF VENMTILATING DUCT &.0 REFERENCE STATOR TEMF., DE3. £ 120.0
158 BECTIOM. 38FACE BLDCK 13.0 AIR BAF 1,30
WEER OF JITATOR SLOT3 T2.00 ROTOR PUNCHING MATERIAL 2.9
« O VENTILATING HOLES 0.0 STACKING FACTCR 0.970
~E DIAMETER 0.0 BORE DIAMETER I77.0
T WIDTH, MINM. 11.3 MO. OF VENTILATING HOLES 0.0
MAX. 11.3 HOLE DIAMETER 0.0
SEOWIDTH {ABOVE WEDRGE) 11.3 MUMBER OF ROTOR SLOTE 8.0
S DEPTH 1.0 30T DEPTH S81.350
AT DEFTH  &Z.0 NECK WIDTH 230
“ERODERFTH 0.0 NECK DEFTH 200
JGE DEPTH 2.8 TAFER DEFTH C.0OC
NON-MABNET IO : MAax . NECK FLUX DENSITY AT START 2,100
JIUS AT BO0TTOM  D.00 REFERENCE ROTOR TEMF., DEG. © 180.0

RIZONTAL BPRACER 2.0
ROTOR WINDIMG CODRE Z.0
ASBEMBLED DRQUBLE CAGE
RECTAMNBULAR TOP R2OR

Wl = 5LOT WIDTH, TOF 4.00

W2 = BLOT WIDTH, LEAKAGE Z.00
WZ = SLOY WIDTH, CEMTER 12.80
W4 = BLOT WIDTH., BOTTOM 12.80
D2 = SLOT DEPTH, TOF 11.7

Z o= GLOT DEFTH, LEAKAGE 4.0
D4 = BAR QEPTH., TOF 11.7

L& = AR DEPTH, BOTTOM 2X.8

CLEARANCE, TWQ SIDES., TOF ¢ 30
BOTTOM 4.30
FU B8R RESISTIVITY, TOF  1.000
BOTTOM  1.000
BAR EXTENSION, ONE SIDE. TGP 50,0
BOTTOM  50.0
CU ENDRIMNG, TOF :
CROBS SECTIONAL aRES 1L
AVERABE DIAMETER 574.2
U ENBRING, BOTTOM
CROSE SECTIOMAL ARES 1E8B.4 .
AVERAGE DIAMETER 304064

22.

h

ICHRONCUS RFM L0000 CUE.DM MAIN STATOR INSULATION 19.734
dPHMERGL BPEEDR . M/BEC 31,28 WELIGHTS

WOATLATR CHSSENT A0 It B I R i PAPT



MCHRONCUS AFM 1000.0

RIPHERAL BFEED. M/ZEC 31.28
3E STATOR CURRENT 238.0

3E TORGUE, NEWTONSMETER 4810.38
JX AT ND LOAD ©.07826
STOR CURRENT DEMSITY 3.301
IFACE LOADING, W/3Q.CH
STATUR, BELOW WEDGE
DUE TO DC LOSS 0.0595
DUE TO TOTAL CU~LOSS 0.0&1&
3TATOR, TOWARDS AIR GAF
DUE TO CORE LDSS 0,488
OUE TO TOTAL CU-LOSS 0.332
FERATURE RISE (NOT ALWAYS CALD.)
STATOR, RTD  42.&
Cu, UPFER 43.8
CU, LOWER 44,5
TEETH 39.7
JOOLING AIR 24.0
ITORS
WTPUT FACTOR

F. 605

*ITCH FACTOR TR
AIMDING FACUTOR Q.922
SHRTLURS COEFFIDIENT L.549

MAX. G.061
AVE. 0007

il
U EDDY CURRENT LOSS,
Tigs
/0 STATOR LOARING
U COIL PITCH ©.83X
S3TATOR BLOT WIDTH/AIR GAP  8.84é&
ATATOR SLATSTOOTH WIDTH 0.73%
JOLTE PER TURN  146.793
STATOR BLOTS/POLE 12,000

403, &

ROTOR BLOTS/FOLE P 56T
~FILL FACTOUR
RANDOM WOUND STATOR WINDING 0.000

AENS TONSG

SENETH OF BTATOR PROKAGE
WET SGVACK LENGTH  «03.8
FTATOR BLOT PITOH. BAP DIAm: 26.18
ROTOR SLOT FITOH. GAF DIAM. 32.3&
IARANCES IN STATOR BLOT

N THE WIDTH 0.40

IM THE DEPTH 2.18

41.4

MAX. FLUX DENSITIES
0,833

ATOR TEETH 1.72%

STOR YORE 1.347

ToR TEETH 2.254

FTOR YORE 1.602

fai.. MO LOAD

i GaP

D POINTS

AMP . TURNS

CUBR.DOM MAIN STATOR INSULATION 19.738
WEIBHTS '
L, STATOR 242.7
ROTOR WINMDING 138.46
STATOR PUMCHINGS
TEETH 244.0
YORE GE7.2
TOTAL B0OL.2
ROTOR PUMCHINGE

MR

TEETH Mi183.3
YOKE 248,10
TOTAL Ti.E

U REACTAMOES, RUNNING CONDITIONS
ALY 0.,03284
Y2 0.14749
M 1.85%94%
RESISTANCES, OHM, 20 LEGREES
STATOR, FER PHRAEE 0.221650
STATOR, LINE-LINE O.44Z30C
FER UNIT. RUNMING CONDITIONE
K1 {INCL. STRAY LOAD LOSE) O.01589
RIT (WITHOUT SKIMN EFFECT CLO0EFE
A LIN PARALLEL WITH XM) 9L.74375
MEAGURABLE LOSBES

WINDAGE ANMD FRICTION LOES 3.742
CORE LOSS &L 093
STATOR I--SRUAREDX*R LOSS 7.180
ROTOR I-SQUAREDIR LOES 2.9%1
STRAY LOAD LOSS F.i22

NON MEASURAELE LOSBE COMPOMEMTE
COoORE LO58
TEETH 2.52
YORE S o, S
STRAY LOAD LOSS
STATOR WINDING ZDDY L0358
OQUTSIDE STATOR WINDING
AT RATED LOAD
ROTOR SLOT CURRENT  1090.4&
SOTOR CURRENT DENSITY  2.341
VENTILATION, CUR.M/BEC 0,842
M/SEC STATOR TEETH. MaX. 18.34
AT STALLED COMNDITION

TR

€.052

3.0T70

DEGREES/SECOND, STATOR F2.738
ROTOR 218,36

U STATOR CURRENT

0. 2520

PRERwWIOAR

1324.8

ag.e CL.0112
20.8 DL 0039

1185.0 0.221%F

iz8.8 0. 02464

2710.3 0.3148

YOLTS, WO LOAD AMFE

1.2 3.381% 297 .74
1.1 1.468374 148,94
L. 0.3148 45.F3
0.9 0, ZE0E 29.10
0.9 C.L2588 20.BE



IAD POINTS

% LOAD

% BLIP

FU BTATOR CURRENT
FUOROTOR CURRENT
“GWE R AC TOR

STATOR {~SEUAREDIR 1.033

ROTUR 1-SQUAREDIR LOBS
GTRAY LOAL LOSE
% EFFICIENCY

EED-TORQUE CURVE .
noBlIF T
O TORQUE

Fu BTATOR CURRENT
FU ROTOR CURRENT °
POWERFACTOR
FACTOR RZ

FAOTOR XLZ

{3 H10 EIninin]
7 1 LG

FE D
) =

7. 1.31
b 19
JET ETT

= = LI
P # st e a sl
4 2
e
= " -
.= o %
- | s s
N 57425 1388,

[R

i

125 Lo
D.754 0.3
1.3254 1.1

O
as
08

1,183 3,901
DL7FE D.F7E

1-.‘4.4./1 84‘3
4,828
w727 .8

4L B0 74.%

100 75

o4E 2.5

05

2951

0

15

P

3

3 L PEZ S.5Q7
- -3
te f4 L S.281

0. 458 D.4

83

11.17%1 P.672
0,393 Y g

ats

870

oy

]

(“\

2XEE. 48#
x)

e

Iy

2.4

4

i

S0&.L &S

b £

&
&0
11,
1)

Li

75
0.424
QRBBQ

bb4
i),“‘.
5,468
1,603
2.465

Fd.,782

S0
2.35&61
4,958
4,704
0.478
T L &00
0,871

=0
0,274
0,703
Q.437
0.&13
3.548
0. 698
1.547%

-
Q &kl

25
L.831
4,569
4.078
D.421
F.820
0.774

25
9. 13
0.568
Q.217
O, E90
2,347
0.171
1.007
8% . 337

PULL-UP

igo

=20

10
1.887
4,060
I.T28
0. 394
1.385
D.744

FULL-QUT

3wy

e 8t #

2,140
Z2.870
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0. HET
1
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WM INDAN INDUCTION MOTOR AMALYRIS

SO0, 000 STATOR WINDING CODE 1.9
VA 10,000 TURNS PER COIL 12.0
ABE 4000 .0 STRANDS PER TURN 1.0
JENCY B0, 000 CU-WIDTH 7rao
IR OF POLES &.0 CU-DERPTH  1.81
INSULATION ALLOWAMCES., TWO IIDES

IR PUNCHING MATERIAL L.0 ARMOR TAFE ©.00
v TEETH. B=i.0 3.3500 MEINM ITNSULATIOM, COIL ENMD 3.30
LG YORE, 8=1.0 [ Z2.500 . BL.OT  Z.Z0
SOKING FACTOR ©.970 TURMN INSULATION .00
¥ LOAD LOSS FACTOR 1.000 STRAND INSULATION .20
088 FACTOR 0.0400 CONMECTION Y-
IDE DIAMETER 870.0 MG, OF PARALLEL CIRCUITS 2.0
JE DIAMETER OO L0 COTL PITCH 19.0
KOLENGTH  470.0 MEAN LEMEGTH OF TURM 2358.5
JF OVENTILATING DUCTS P ’ FL OADDITION, RESIZTANCE o, 008
4 0F VENTILATING DUCT &.0 REFESENCE STATOR TEMF., DEG. C 120.0
3 SECTION., SFAlE plLOCK 18.90 AIR aafF LUZ0
IR OF 8TATOR 3L0OTg 72.¢ ROTOR FUNCHING MATERIAL 1.9
IF VENTILATING HOLES ©.0 STACKING FACTOR ©.970
DIAMETER 0.0 BORE DRIAMETER 3I85%.0
WIDTH. MIN. 11.3 M. OF WENTILATING HMODLES 0.0

Max, 1i.4 HOLE RIAMETER 0.0 :
WIDTH (ABOVE WEDBE) 11.5 HNUMEBER OF ROTOR 8LOTE ©g.o0
DEFTH  L.0 SLOT DERTH 47,82
DEFTH &E.0 NECK WIDTH 2,80
R DEFTH 0.0 NECE DEFTH 2.00
E ODEPTH Z.0 TAHPER DEFTH  0.00
MN—-MAGNETIC ' MaX., MECEK FLUX DENSITY AT START 2.100
g AT BOTTOR 0,00 REFERENCE ROTOR TEMF.., REB. £ 180.9

ZOMTAL SFACER 2.0
ROTOR WIMDING CODE 4.0
ASBEMBELED DOUBLE CABE
ROUND TOF BAR

Wl = SLOT WIDTH, TOF 7.72

W2 = BLOT WIDTH, LESKAGE 2.00
WX = 8LO0T WIDTH, CENTER 12.80
W4 = BLOT WIDTH, BOTTDM 12.80
L2 = BLOT DEFPTH, TOP 7.7

DI = 8LOT DEPTH, LEAKABE 4.0
D4 = BAR DEPTH, TOFP 7.7

LE = BAR LEPTH. BOTTOM 33.8

CLEARANCE, TWO SIDES, TOF 0.30
BOTTOM O.30
PU BAR RESISTIVITY., TOF 1.000
BOTTOM  1.000
BAR EXTENSION, OMNE SIDE, TOP S0.0
BOTTOM  S0.0
CU EMDRING, TOF
CRISS SECTIOMNAL ARES  1032.%5
AVERASE DIAMETER 578.0
U ENDRING, RBOTTOM
CROSS SECTIONAL ARES 1588.6
AVERABE DIAMETER 304.0

HRONOUS RPM LOD0, O CUB;DM MAIN STATOR INSULATION 19.73&

- - B e b b gy



ARONDUS RPFM L0000

*HERAL BRFLED, MABEC 31.28
STATOR CURRENT 35.0
TORGUE . NEWTONSMETER
AT NO LOAD ©.0782a&

481038

CUg.DbM MAIN STATOR INSULATIBH 17
WELGHTS

C, STATOR 242.7

ROTOR WINDING 188.7

STATOR FUNCHINGS

ARt

IR CURREMT DENMSITY 3,301 TEETH 244 ,0
ACE LOADING, WN/50.0HM YORE HE7.2
JTOR, BELOW WEDGE TOTAL 8012
JUE T0 DO LOSE 0.0598 ROTOR PUNCRINGS
UE 7O TOYAL CU-LOBE 0.0&14& TEETH 1&61.1
ATOR . TOWAFDS AIR GAF YORE 232,

JUE TO CORE LOBS 0.588 TOTAL 4137

U REACTANCES . RUNMMING CONDITIONS

XLl 0.08440

DUE TO TOTAL CU-LOSS O.332
IRATURE RISE (NOT ALWAYS CALC.)

ATAR. RTD 42,8 L2 0.14040

o, UPPER 43.8 M 213099

CU, LOWER 44.8 RESISTANCES, OHM, 20 DEGREES

TEETH 25.7 STRTOR, FER PHASE ©.221&50
JLING ALR 24.0 STATOR, LINE-LINE 0.443Z00
R FER UMIT. RUNMING CONMDITIONS
TRUT FaCTAR Z.8605 R1 (INCL. STRAY LOAD LOSF) 0.014587%
FOH FRCTOR C.Fab RE (MITHOWT SKIM EFFEDT) 0. O0SS0
MO ENG FACTOR 0.922 gMO{IN PQRALL”L WITH XM} 92.43944
GUERS CUEFFICIENT L.540 MEASURABLE LOBEBES
Z00y CURRENT LOSZS, MAX. 0.061 WINDAGE AND FRICTION LOSS .74z

AVE. 0,007 CORE LOBE . 0F3

e STATOR [-SQUAREDIR LOES 7.180
-F BTATOR LOADINE 403.4 ROTOR I--3BOUAREDXR LOB3 2.838
CAIL FITCH ©.83X BTRAY LOAD LLOS8S EL1E2
1TJ" SLAT WIDTH/RIR GAF  8.84s& NOM MEASURABLE LOES COMPOMENTS

ROBLOT/TGOTH WIDTH ©.78% CORE LQsx

-TS FER TURN 146.793 TEETH 2. 358

3TOR SLOTS/POLE 12.000 YORE . 538

FOR SLOTS/rPOLE . 567 ETR&Y LOADL LDBS

fLi. FACTOR ‘ STATOR WINDING EDDY LOSS
DG WOUME CUTSINE STATOR WINMDING
JSIGNS AT ROTED LOAD

H8TH OF STATOR PACKE AOTOR SLOT CURRENT 1078.0
f3TACK LENGTH 4 FROTOR TURREMT DENSITY 2,297
YRR BLOT ~ITCH, bnﬁ Dfﬁm. 25618 MIENTILATION, CUB.M/BEC 0,878
fukR 5LOT FitTir, GAF DIiaM SILEe MA2EC STATOR TEETH, Mad.  ld.«4s&
BNCES I BTATOR 3LO7 AT STALLED COMDITION

THE WIDTH .40 DEGREES/BECOND. 8TATOR Z38.5%
THE DEFPTH 2.1& ROTOR 178,04

0,052

STATOR WINDING 0,000 ELOT0

BE 41.&

ArF L TURNE U 8TATOR CURRENT

-
1324, 0. 2320

MaX. FLUX DENSITIES
AR 0. 833

IROTEETH 1.7E% 8.5 Ca.0L12
W OYUORE 1~34? 20.8 0L0039
I TEETH .187 828.7 Q.1374
i YOKE 1ahqu 141.3 0. 0268
-2 NG LOAD 276,58 0.4514

FU VOLTE, NO LOAD AMPE

1.2 27001 2IT.TE
i.l 1.1412 FRRTR N 222
1.0 0.5814 39,74
LA 0. E2QT70 DR
0.d 0. 2Z8E i7.498"

FOINTY



OINTS

RD

. § o

STATOR CURREMNT

RATOR CURRENT
IRFACTOR

TOR - I-SQUAREDRR LOSE
R I-SAQUAREDRR LOSS
3Y LOAD 1L.0O38
TFILIENCDY

~TOROUE CURVE -
_iP *
TORQUE ,
STATOR CURRENMT®
OTOR CURRENT
TRFACTOR

FOR R2

FOR XL2

&l SO0
i L
TR <

o =

P ™o
&
ad
oo

10
JFT

47 .318
F7.718

o
g owt
L)
in

G s
& ndt ot

528

P

z84.34

=88. 58

128
=
. g
0,738

1.2%91
1.1324
0.8279
11.944
4. &0
SL.202

T4 .,9359

100
2160
5. 457
&.319
0,385
7571

D.418

-
b
0
g
PR Rt
£
]
othee
I
o £

100
0,367
1,083

0,891

TS
2,208

&, LR
GL.91LE
0,402
b, 624
D.474

- o
o o

LR

0

-
7E

O.41E
0.837
0,689

0. 765
%.0358
1.8862
2,189
FE.O54 a

B0
2.114
e onbd
S.354
&, 408
S. 180

0,578

=0
0,270
0,650
. 43%8
D.b&L
2083
0. &80
1.319
4. 054

28
1.744
4. F0E
4.454
0,381
2,836

0,787

2%
0D.1IEE
0,509
D.214
G. 434
1.881
0.187
0.809

39.863

FLLL L
15
1.650
4.53%
4,384
0,373
1.800
.85

FULL--OUT

A
PO s ]

2.417
0144
2.9%&
0, 489
1.023

0. Fh&

s
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| ool SRR Al N
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IR IMDUCTION mOTOR AMALYEIE

3D ﬁTqTB WINDING CCDE 1.0
SLO. D00 URNS PER LCOIL 12.90
00,0 STHANDS FER TURM 1.0
R RIS CU-WIDTH ?\éﬁ
*ALES &0 CU-DERTH  1.841
) INSULATION ALLDWANCED ., TWD SIDRET
SHIMGE MATERIAL L.0 BRMOR TARE Q.00

FH, B=1.0 < 3,500 ME&IM INSULATION, SO0IL EMD  3.30
E % E{:: l a i:) ::: a \-‘(Ji») SL:}T : @ .:;‘”)

FACTOR 0.870 TURM INBULATI
L83 FACTOR 1.0u0 qTﬁQhD I:AUL%
JETOR CL0600 COMNESTION ¥
SHMETER  870.0 . MNO. OF PARALLEL CIRCUITS 2.9
HETER HO0.0 COIL PITOH 10.0

{4 4700 MEAN LENGTH OF TURN 2338.5

=L

On G000
TI

N ©. .20

U

TILATING DUCTS F.0 2 pDEITION, REBISTANIE ©.008
ENTILATING QUDT &0 REFERENCE STATOR TEMF., DEG. C 120.0
LON. SFaCE BLOCK i, AIR GAFP L300

STATOR SLATE  Fa.o - : ROTOR PUMOHING MATERISL 1.0

TILATING HOLES 0.0 BTACKIMGE FACTOR 0.970

TER .0 BORE DIAMETER 3&7.0

. MIM. 11,5 WO, OF VENTILATING RHOLEZ 2.0
Mad. 11.8 AGLE DIAMETER ©.0

{/BOVE WEDBGE 1.5 NUMBER OF ROTOR BLOTE 32.0
L BLOT DERTH  5&.30
&0 NECK WIDTH 2. 50

HooNLD MECK DEFTH 2.00

HooS.0 TAFER DEPTH 2,00 .
ETIC MAK . NETK FLJX DEMBITY AT BTART Z.100

BOTTOM .00 REFEREMCE ROTOR TEMF.. DEG. © 1B0O.O

SPACER 2.0
TOR WINDING CODE 3.0
RQSEM“L"D DOUBRLE CAGE
CTapElinaR TOPR BAR

4r

Wl = SLOT WIDTH. """W' G000
W2 = BLOT WIDTH, *Lx SEE 200
3 o= SBLOT WIDTH,. EW””“ 12,840

SLOT WIDTH, BOTTOM 12.30
32 = SLOT DERTH, TOF  11.7
SLOT DEFPTH, LEARKABE 2.9
= RAR DEPTH, TOF 11.7
DS = BaR DEFTH, BOTTOM Z33.8
CLEARGNCE, TWD 3IDES, TOP 0.30
LOTTOM ©.30
FU OBAR RESISTIVITY. TOF 1.000
BOTTOM  L.200
EXTEMSION, OME SIDE, T 5200
BOTTOM S0.0

2
NP
i

i

2
o
i

BA

L

CU ENMDRINGE, TP
“”EGS SECTICNAL ARER - 12E.5
AVERSZE DIAMETER 588.2

Cf ENDREING, 2OTTOM ,
CROss ZECTIONAL AREAR 1386.4
~y

SVERGBE DIAMETER 584.2

B RPN 1000.0 CUB.DM MAIN STATOR INBULATION 17.734

b TAE

SFEED, M/2ED L2 WEZIGHTE



qOUS RFM 10040, CUB.DM MAIN S sTOF INBULATION 19.736

. BREED. M/BED 31,28 WEIGHTE
5TOR CURRENT 8.0 U, BTATCR 242.7

FOUEZ, MEWNTONIMETER 4210.38 ROTOR WIMDING 192.7
NG LOAD  ©.073326 STATOR FUNCHINGE
SURRENT DENZITY 3J.3501 TEETH 244,50
LOADING, W/SG.OM YORE DET.2
T, BELOW WEDBRE TOTAL 1.2
TG DO LOSBE Q.0393 ROTOR PUNCHINGS
TO TOTVAL. CU-LOES 0.0&18 TEETH AOT.T
Fo TOWARDE AIR GOF ‘ YOKE Y E42.F
TD CORE LOB8E Qq&EQ TOTAL LT L&
TO TOTAL CU-LOBE 0,332 FU REACTANCES, RUNNING CONMDITIONS
TURE RIBE (NpT QLHQY” CalT.) XLi ©.07997
R, RTD 42.% XLz “uﬂim*?
Cu, WPPER [ 832.7 M 1.36122
Cu, LOWER 44, RESISTANCES, J+M. 20 DEGREES
TEETH I%.8 STATOR, PER FHABE ©.2215650
NG AIR 24.0 BTATOR, LINE-LINE 0.443300
FER LJNI'!Tl RUMMNING COMDITIONS

T FACTOR  Z.&08 RLOCINCL. STRAY LOAD LOSSE) 0.01&8%
FalTOoR L.%68 "2 {WTTHDU* SEIMN EFFECT) 0. 0DADA
NG FaCTaR 0.922 RM (IM PARALLEL WITH XM) 7.31894
Ros ZTOEFFICIEMT 1,540 MEABURABRLE LOBGBED
DY CURRENT LIOSE., MAX. ©.081 AINDAGE AMD FRICTION LOES R S
AVE. D,007 CORE LOosa Y e
GTATOR I-ZRUAREDIR LOBE 7. 180
BTHTOR LOADING 403.& QQ&DE I-2QUAREDRR LOBE T 195
I FITCH ﬁ.L?? STRAY LOAD LOBS T.lza
IFROSLOT WIDTH/RIR GAP 8.844 NbN MEASURAERLE LOSS COMPONMENTS
¥OSLOT/TCOTH WIDTH ©.783 CORE LOSS
i FER OTURN 1Quz?” TEETH Z2.3%8
I BLGTE/7OLE o 0D YOE TLET
{BLOTE/POLE ?:é&7 STRAY LOAD L0B8S
. FAECTOR STATOR WINDIMG £DDY LOBS 0,052
M WOUNMD S¥YATOR WINDING 0,000 DUTSIDE 3TATOR WINDIMG DL0T70
(ONB AT FATED LOADR
WOF BTATOR PACKAGE 41.& ROTOR 3LOT CURRENT 1123
ITACE LEMNGETH 403,85 ROTOR CURRENT DENSITY EndlS
ROBLOY FITCH, GAP DIAM. 26.18 VEMTILATION, CUR.M/EEC DL REL
1 8LOT FITCOH., GaP DIAM. IZ2.34 M/ 8EC “Tﬁ*ﬂ” T= VTH Max., 18.73
{CES IN BTATOR BLOT AT STALLED CZONDITION
£ WIDTH O.40 DEGREES/BECOND, STATOR 34.28
E DEFTH 2.16 ROTOR  ZE2.00
MAX. FLUX DENBITIES AMEPLTURNS FUOBETATOR CURRENT
! 2.8353 1324.8 0,230
TEETH 1.729 53,9 00112
YORE 1.347 0.8 0, Q0T7
FTEETH 2.E545 Ziii.o DL.A0L0

Sy

fOKE 1,632 30 D.028

MO LOASD THEZLL 0. 6939
FUOVOLTE, NO LDAD AMPS

1.2 4.,393% E86.79
1.1 24846 “1u.~“
Latd 0, 4979 &1 .0%
PRI Muw7n4 T2.51
0.8 D.2844 22.40

JINTS

30 125 100 TE a0 29

- o AR SoATT IR IR ] .G 0.142



1D 1A% o Ta E0 2
AR ﬂnﬁﬁﬁ 0,652 1. 450 0.2F0 0.142

TATOR CURREMT 1.82 1.2s 1.4 0,3&0 0.7358
OTOR CURRENT luEUg 0.F3I0 0,479 2. 445 0,220
FHRCTOR DLTOE 0.4682 0,622 0L E0A 0, 305
TR I-BRUAREDXR LOBS 17.014 11,844 774 Tanlé T4
R I-B8UAREDER LOES e hEE R 175 1,703 L7351 0.179
Y OLOAD L0OSS T 598 w019 F.EE0 2.311 1,743
FIOIENCY FLab&ES 4. 088 FI. P49 P2 TR2E a7v.495

TORGUE CURVE * PULL-UFP PLLL-3UT

= 10y TE =0 28 10 2ao44
oEauE Fei24 A T BLPEA Z.214 .72 1.758
TATOR CURERENT 5,205 B.TEO G4.217 T.FLE L ERE 284y
OTOR CURRENT &L 43 2.449 4. 46807 Z.585 B.07R 2,131
RESCTOR . TLELE 1,857 DLETE 0,509 Cuhld
or R2 K YT Lo, 845 P EA4 5.84&8 LL0ES
o oEL2 0, 254 0,298 o, E8s D.4H24 0, PRE

RN R 0 1 Z.5 .=

1 P G a7 a7 9 &

T2 o] o 1.5 1r.=2 1

) = o o 1 v

7 1.8 0 mLE £ =

2 io ZEEG, AR 130 L.

7 2&T )

S5h.2 2.5 2 2.1 1850 =

4 Z 1.7 = LY

= 2y =0
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INDAN

YL, Q00

¥ G190, 00

4000 ,0

' By . D0

F FOLES

UNCHING MATERIAL
EETH, B=1.0
Be=1 .00

OrE .

IMBUCTION WGTBH.QNQLVSIE’

&1

L

1.6
25 B

‘wsd 3t ]

2. 500

MG FACTOR 0.9270
B0 LOBS FACTOR 1,000

i FACTOR
DIAMETER
IAMETER
IMNETH

ST L0,
WOSTATOR

AEMTIL AT ING
0 a0
11.5

1L.8

METER
YTH. PN,

PAK
YPH { ABOVE
*TH 1.0

STH 23,0
IFTH 0.0

FTH 3.0

SEMETIC

YT BOTTOM

FAL SFACER

470,
JENTILATING DUCTS
DOVENTLLATING
SracE

SLOTS

LRSIt ey
BFQ.0
G . D

¥

2.0
@400
13,0

g e
T
B

DUCT
TR
HOLES

Ry

WEDRBEY 11.4

o, 00

-
=l

4OUS REP 100C,0

i [PETED,

M/REC 31.28

STATOR WINDING €0
TURNS FER COIL 132
STRANDS PER TURN
CU-WIDTH 7.&0
CU-DEFTH (.81

TNBULATION ALLDWANCES.

ARMOR TAPE 0,00
M&IN INBULATION

TURM IMNSULATION

BTRAND INSULATI
COMNECTION Y
MO, OF PAaRALLEL ©
COIL FITEH 10,0
MEAM LENGTH OF Tu
FLUOADDITION,
REFERENCE STATOR
AIR BAFP 1,30
ROTOR PUNMCHING MA

BTACKING FROTOR
BORE DIAMETER 37
MNO. OF
HOLE DIAMETER O,
MUMBER OF ROTOR 3
SLOT DEFTH 82,52

MECK WIDTH 2L 50
NECK DEFTH 200

DEFTH  &,00

MECK

TAEPER
MaX.

ROTOR WINDING COD
ASSEMELED DOUELE
ROUND TOF EBAR

Wi = SLOT wWibhiH,
W2 = BLOT WIDYH,
WZ = BLOT WIDTH,
Wa = BLOT WIDTH,
D2 = BLOT DEFTH,
LDIZ = BLOT DEPTH,
D4 = BAR DEPTH. T
L& = BAR DEFTH, B

CLEARAGNCE., TWD SIDES, TOF 0,30

FU BAR RESISTIVIT
BAR EXTENSION, ON

CU EMDRING, TOF
CROSE SECTIOMAL
BYERAEE DIAMETE

CUOEMBRING, BDTTO
CROGE BECTIONMAL
SVERSBE DILMMETE

CUE. DM MAIN STATOR INSULATION

WEIGHTS

FESIETAMIE

VENTILATIMG HOLES

Fi.ldd DE
REFERENCE ROTOR T

DE 1.0
0

Twi

. COIL EMD
SLO7T  Z.30
£, 00
OnN D, 20
IRCUITS 2.0
RW 2388.3
0,008
TEMP. . DEG.
TERIAL
03T

1.0

PR
iy, 8
i

LOTS

B8 .0

E o4
-
wd

TOoF  FLTE
LESKE&SGE 2,00
CENTER 12.80
BROTTOM 12.80
TOF 7.7
LEAKARE
aoF 7.7
QTTOM 3E.3

SIDES

ot
4y ek )

ZORE0.0

BOTTOM ©.,30

¥, TOF
BOTTOM
E SIDE, TOF

ARER 1BR.E
fOEFL.D
i

ARES L388.4%

il = - s
RODHE.0

1,000
kRIS IR
S, 0
BOTTOM

B .0

19.734



S RPM LO0C.Q
. SPEED, M/BEC 31.28
FoR CURRENT 88.0u
WIE . MEWTOMKMETER 4810.738
40 LOAD  0.0782%
JRREMT DENBITY Z.301
SOADING, W/SQ.CHM
v BELOW WEDGE
7O RC LO8S8 0.0593
8 TOTAL CU-LDEE 0.0&616
« TOWARDS ALR GAF
FQ CORE LGSS ©.488
TGO TOTAL CU-LOBE 0.332
JAE RISE (MNCT ALWAYS CALL.D
. RTD 42,5
Cuh, UPPER 43,7
U, LOWER 44.0
TEETH 2%.7
G AR 24.0

FaTOR =, a05
FROTOR 0, FEE
G FROoTOR O.922
R OCRDEFFIDIENT 1,840
Y OCURREMT LOSS, MAXK., Q.041L
SME L. DL.007

TATOR LOADING 403.&8
LOPITOH . 9383

COBLOT WIDTHAAIR BAF  8.84&
VO BLOT/TOUTH WIDTRH ©.783
FER TURMN  18.7%3

{ BLOTS/POLE L2.000
SLOTSSFOLE ERT-1-Y4

FRCETOR

PHCUND STATOR WNINDING ©.000

M8
i OF STATOR PARCKAGBE 41.5

-

TATE LEMEBTH 403,50 .

{BLOT FITEH, GAP DIAM. 26.18
SLOT PITCH. GARF DIAM. 32.38

ES IN BTATOR 8LO07
IWIDTH Q.40
IDEFTH Z2.14

MaXx. FLUX DENSITIESD

L. 833
MEETH ' 1.72%
ORE 1.347
IETH 2.2TZE
E 1,632

N3 LOAD.

APiF L TURNG

g
i

CUBLDM MAIN STATOR INSULATION 19.73é
WEISHTR

CU, STATOR 242.7
ROTOR WINDING 194.7
STATOR FUNCHINGS

TEETH Ba45 0
YOE BEY LR
TOTAL 801,32
ROTOR FPUNEHINGS
TEETH 183.4
YOKE 244,39
TOTAL 40,3
FU REACTAMCES, RUNNING CONDITIDNS
il 0.08341
XLE Q. 18%s7
XM 1. 78580
RESISTANCES, OHM, 20 DEGREES
STATOR, FPER PHASE 0.2718%0
STATOR, LIMNE-LINE ©.443300
FER UNIT., RUMMING COMDITIONS
FiO(IMOL. STRAY LDAD LOSS) 0.01&8%
R (WITHOUT SkKIM EFFEDTS D GOADG
AMO(IM PARALLEL WITH X@m) 91.48392
HMEASURSELE LOSSER
WINDAGE AND FRICTION LOSS X742
CORE L.OSE L0973
STATOR I-SRUAREDRR LOSS 7. 180
ROTOR I-SOUAREDKR LOSS 3040
STRAY LOAD LOSS TL1E2
NN MESSURABLE LOSS COMPOMENTS
DORE L0588
TEETH R.EER
YORE 5.538
S[TRAY LOAD LOSS
BATATOR WINDING EDDY LOSS 0,052
OUTZIDE STATOR WINDING LT
AT RATED LOAD
ROTOR SLOT CURREN 109%.4
ROTOR CURRENT DEMSITY 2.34F
YEMTILATION, CUR.M/SED 0,845
M/BSEC STATOR TEETH, MaAX. 13.61
AT BTALLED CONDITION
DEGREES/SECOND, STATOR  432.00
ROTOR 21&.4%

FU 8TATOR CURREMT

17324.8 0L 2820
58,7 C.0LL2
20,8 G, O0EF

L2738 0,.3419

138.1 0, 0262

- -y
0, 5383

28i8.1

MOLTE ., NO LOAD RMPS

i

P s S Hl4 .67
LB EG 19,01

1.2

1.1 A

s

e 0. 3383 47 .13
0.7 D.3TTT 2?.73

0.8 L2403 21.15



INTZ

D 125 100 75 i 28
= 0.737 R TR 0. 454 0.281 Ta L

e

ATOR CURRENT 1.392 1,135 DL.FI0 ., FTED O, O

TOR CURRENT 1,188 0,709 L héET 0,439 O.E17
FROTOR 0.772 0,758 0, 708 0,597 0.378
f I-SRUAREDRR LOBS 413.909 0 250 TLREZ2 0 3.T7ER 2.482

L 040 1, &40 0,708 0. 174
L0232 2.588 1,631 1.079
LTTL 94.468% 9ELAT0 0 89,145

I-SRUAREDRR LOBE SL021
LOAD LOSS &.048
ITIENMCY 4,470 3

£ ol

ORaUE CURWVE FULLL-UF PULL-0UT
: 0

F ' . 100 75 =0 2% Xs 2.218
FimUE . T 7T 2.887 2.8724 T.247 1.&73 1.5ET
ATOR CURRENT &.778 &.2bé 5, 478 4,794 P 1 2,647
TOR CURRENT &.588 &.054 5,253 4.11%  T.443 2,380
FACTOR 0. 445 0. 484 0,519 0. 498 0.432 0, &E58
R RZ 8.53S 5. 008 7002 4,545 1.9754 1.052
FoXL2 0,262 0. 300 L3S O.bls 0.370 T

&1 G200 - S5 g i a5 LG

' ) 371 SO 376 9 &

72 0 0 1.5 11.5 11.8 L

O = 0 O 2 a 12

T.h 1.81 O ZLE 3.3 0 2

z 10 PTEG.L 485 L 005 126 1.3

.37 AT7Y . P 0 o

=2, 518 2.5 2 £ 2.1 180 4

7.748 2 17.8 17.3 7.718 7 7.7LE

I W3 i i =0 30

551 1588.56 5632
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