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1- ����� ���  ��� �� � �!�� �"#�$%# &'h .�)��
 *�+" #�  ,�- ��

µr=750  �. �/����0
 �$/) �Ri=3.4cm , Ro=4cm , 

h=2cm , g=0.2cm , N=65 :1%# 2��3
  

a – �$/) 435
 63% � 7%�$
 ���  

b – #�) ��8�- � �$/) �/����0
 1
��5
  

c – 9�: ;�% <�5 # .�! ='�>  

d –  �#�� ?@A *�'�B ��� � �CD �� ��1,35 #�) ��8�- �. �/�  

e – �"��: ��� )λ9�: ;�% 7%�� ��� �� �� (  
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2- �.#. *�+" �$/)  �. ��� ��� �'@ �#�#. �$/) KLM �N# .1%# 1%#� 1L% ��� �N�"�� O����0
 �PQ+
cm 8  S����

 ��� � �CD �� �� �#�� ?@A *�'�B0,5  � �/�1 .�'��U 1%�� #� �/�  
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3-  .�)��
 *�+" #� �.�% ��'�$� # ����
 &' �'@ ������� ,�-  #�) ��8�- 435
 63%cm
2 18 S �) ,�M  #�) ��8�-mm 

 0,5  S 7%�$
 ��� ��/
����� �. ��� cm 4  ����� 435
 63% Scm
2 4  ��W�
 �B-H  X'�L� ��"�
2  .����  

<#@# �� �� ���� �$�#. ��. ��D ����$%# 9�: ;�% �"�'�B 10 �Y
U  �� ����$%# ��� � �CD1,2 Z�%��
 �/�  

  
# 7%�$
 ���:����
 <#[B 

lstator = 0.48m , lrotor = 0.04m , lgap = 0.0005m  
#�" 2�	+"# ��� ��/
 *�D.�  � 435
 63%.�+�
 ��#�� ����$%#� ����� ��� � �CD S1%# ��#�� ����$%# � �����:  

φ = BstatorAstator = 1.2 × 0.04 × 0.04 = 1.92 mWb = BrotorArotor ⇒ Brotor=1.2 T 

�� ��W�
 K\� ����$%# � ����� �#   ⇒  1.2 T ⇒ 4560 AT = Hstator = Hrotor 

:;'�#. #�) ��8�- 435
 63% �� �B�� �� ;) #�) ��8�- �#��  

φ = BstatorAstator = 1.92 mWb = BgapAgap , Agap = 18 cm
2
 ⇒ Bgap = 1.067T=µ0. Hgap 

⇒ Hgap = 849092 AT  

�Y
U ��#�
 *�"�] ⇒ ΣN.I = ΣH.l ⇒  10N = Hstator.lstator + Hgap.lgap + Hrotor.lrotor + Hgap.lgap 

⇒ 10.N = 4560×0.48 + 4560×0.04 + 2×849092×0.0005 ⇒ N = 322 Turn 
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4-  ��� �.:�N���#�: ��� @# �^" �-�8 �� ��� ��  

 _ #–  *.�� 1'����� ,�- ��µ ) #�) ��8�- �. ��� � �CD SBg(  #�

 =/���I  �x .��'�L" �\%�W
  

2-  S _ # ��� *.�� .��W
 ,�- �� #�µ .���� �#���  

 `– :,�- �� 

 Ac = 8.2 cm
2
 , lc = 23 cm , lp = 2.8 cm , 

 g= 0.8 mm , X0 = 2.5 cm , N = 430 , µ=2800µ0 

 �. #� *�'�Bx=0  ����

 #�) ��8�- ���1,3 .�� �/�.   � �CD �� ���� �\%�W


 ��� � �CD �� ����� �3�#� K\� �$/) ��'a: b�c"�$/) . – ���'# ,�- ��  ='�>

)Bm.���� �#��� #� ` ��� S���� �$�#. �3! ��� �3�#� (  

:2 � _ # 1L/]  

  
: ` 1L/]  

  
: . 1L/]  
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5- . ����� ��� �µr=1500  �$/) KLM �cm 5  �de
 435
 63% #�) ��8�- �W
 �. �N���#�: ��� ���! �� �f"��D .1%#

4 �8�. .������ �$/) gQ� �) �. #� ��� � �CD � ��� S���� �	]#� 435
 63% @# g��  
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6 -   *�'�B ��
#.i  i��8 �� ���5
 ��� �. #�

$
#��: �B �L) �. 435
 63% .������ �� � 1��d

 ��#��A ..�� ,�- 

 

:j%�:  

 1L% ��@�� ��� �N#kD  #�Φ1  1L% ��@�� �1%#�  #�

Φ2 ;�
��� ) � 1�BΦ2  A�� �� ������( ��C"U  �� �B�� ��

KFL  :..�C�
 ��"U l�Lm
 ��#�� #�) ��8�- ���

Φg=Φ1+Φ2  

 �C'. ��% @#:;'�#. �%���% &'�W� �3�#� K\�  

21

12

21

12

21

'
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'

44.4

2

)'(

2,
44.4

21
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RNiVN
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RNiVN
g

fN

Ri

m
fN

V

m
ωπ

+
=

+
=Φ⇒=Φ=Φ  

  

�. ��  *Ui'  1
��5
 *�'�BR �� 1%# *U 1�B  1�B �� K��3
Φ2  ..�+�
 2�Q$"# �Φ1m  �Φ2m .��$/) ;L'[��
 �'.�5
  

 �� �B�� �� �C'. ��% @#KVmL :;'�#. i.N1= i'.N2  �i'.N2=Φg.Rg "U �. ����Rg=g/(A.µ0)   .1%# #�) ��8�- 1
��5
 ��

 �3�#� �� �B��Φg :;'�#.  
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 *.�� X�+"�B ��i'  �3�#� �.KVmL  *�'�B ��
#.i �'U �
 1%��:  
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7-   ���5
 �#�
�. ��� ��LM# o�$ � �N#50  1 �DC  �

 9�: ;�% ��) �5�� .#�	�200 ��.  S���� ���$+N

 .������ #� O"�$���"# � p�W$
 �	3] �� ��� .�#�

 �$/) 1
�Q>)2cm  �µr=50 .(1%#  

  

:j%�:  

  

µc=µrµ0  

  

  

 ��� i��8 �� #� �#�
 @# �	3] �) 1
��5
 �f"��D:1�#. ;�)#�! ;'��C� �^" �. ���5
  

 

R1=L1/(A1. µc) L1=.5*(10+5)=7.5 cm  A1=3*2 cm
2
 

R2=L2/(A2. µc)  L2=.5*(8+4)=6 cm  A2=2*2 cm
2
 

R3=L3/(A3. µc)  L3=.5*(7+3)= 5 cm  A3=1*2 cm
2
 

R4=L4/(A4. µc)  L4= (11-y+.5) cm  A4=1*2 cm
2
 

i=50/5=10A , α=(π/180)*26.6=0.46 
 �\%�W
 �#��L4  �'��y .;����� #� (X��% �	3] 2��
 4�> ��� _P")  

  

y=.5((10-5-2)
2
+3

2
)
0.5

   => y=2.2 => L4=8.3 cm 

=> R1=1.989*10
6
 , R2=2.387*10

6
 , R3=3.183*10

6
 , R4=7.03*10

6 

  

*�D g   &'1%# l�3] '�#@ �N# *U �α=0.46 rad ���� :O:  α
µ

α 6

0

1058.3
))11(11(2

))11(11(
×=

−−

−+
=

y

y
Rg  

 �� �B�� ��KVmL ;'�#.: 

 

Φ.ΣR=Ni , ΣR=(1.989+2.387+3.183+7.03+3.58α)*10
6
=(14.6+α)*10

6    
,  λ=NΦ 
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i
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=
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∂
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8- .�)��
 *�+" #� �]�� ��� &' ���5
 ���  ��- ��� �N#

 ��� *.�� �$/� ��� �.1cm �) �*U *.�� @�� ?�C 

1.5cm  1
��5
 =%��
 �#�5
 S����R  @�� 1�B #�

.������ 9�: ;�% �� o�$ � ��LM# ?�C�) ��� *��  

:i�
��	
  

 .#@U 1 �� �. ��- ���= 0.8cm  

 �B �L) �. 435
 63%1cm
2  

 ��- 1��dK=200 Nm
-1  

 9�: ;�% 1
��5
2 ;)#  

 9�: ;�% ��. .#�	�N=200  

µc>>µ0 ! q"� ���% gQ� S.�#�" �/����0
 1�8�  

  

:j%�:  

  


 �#�
:1%# ���5
 ��� �� *U ��'�$� # �.�	  

*U �. ��:  

   R=0.001/(0.0001*µ0)=7.958*10
6
 

   R’= x/(0.0001*µ0) = 7.958*10
9
x 

 

 @#KVmL :;'�#. �) �5�� @# ��' �. 

Ni=2ΦR’+ΦR => Φ=(Ni)/(2R’+R) , λ=2NΦ 

 

110

10

110

10

)110(10958.7

2002

3

2

3

2

36

2

+
=⇒=

+
=⇒

+×

×
=⇒

−

−

x
LLi

i
x

i
x

λ

λλ

 

�� �$/� ?�C�) *.)*#��
 ����" �'�� p�W$
 1L/] *�
U �. 1��� �� �#��f) ��- ����" @# g�� (fs:���� �$/� 1 �� �. (  

fs=K∆d , ∆d=��� ���0� = 1-0.8 = 0.2 => fs=200*.2*.01 => fs=0.4N 

 X$-�' �#��f :1%# i��8 X'# �� 9�: ;�% O"#�Y
# S;��� �\%�W
 #� *�'�B �'��  

L(x)|x=6mm=1.428mH => Z= (2+R)+jωL , ω=2πf=100π=314.15 => Z = (2+R) + j0.45 

=> I = 220/|Z| , |Z|= ( (2+R)
2 

+ .45
2 

)
0.5

 , I = �d�
 *�'�B 

Ω≤⇒≥
++

×
⇒

≥
+

×
=

∂

∂
=

+

×
==

−

=

−

∫

12.1094.0
)201.0)2((49

2205

)17(

)105.0(10
,

110

105.0

2

2

2
23

6

'

2

3

2
'

R
R

fI
x

W
fI

x
diW S

mmx

f

f λ

 

 ��X$-� A��  �"��@ ��- ����" #��
 �'#[-# �'�� O: ��/
 �!U �. )x =1mm(  r�� ;) @��f >fs  ���� �#�]���.�� @�� �
����� � O::  

fs = K∆d = 200(1.5-0.8)10
-2 

=  1.4 N , |f| = (5I
2
)/(1+1.4)

2
 

Ω≤⇒≥
++

×
=⇒ 88.2074.1

)201.0)2((4

2205
2

2

R
R

f  

 �'�� l�Lm
 �. O:R<109.12Ω  �#@# �� �s
 .����R=100Ω  ;'�#.I= 2.16A 
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9-   ���#�"o &'DC 240  1 �20  X���
 X'# �f�
�U 1
��5
 �N# .1%# ,��c
 i#�����0,1  ��W�
 �  ;)#Ea  =/���if 

 �. 1M�%1200 �5�]. �� ��. (�f�
�U �L	 # O�M @# �^" �-�8 ��)S���� ��� �.#. i��8 ��  

270  265 260  250  235  215  190  160  120  80  40  6  Ea(V) 

l�\�#  2 1.8  1.6  1.4  1.2  1  0.8  0.6  0.4  0.2  0  if  (A) 

:1%# 2��3
 

 (_ #-  *.�� �5$/
 &'�W� ,�- ��W� *�'�B � �f�
�U *�'�B S.������ �
�� ��� �. #� &'�  

 (2–  1M�% �#�� #� _ # 1L/]rpm 1500 .���� ��  

u (–  S���� 1�� i��8 �� &'�W� �N# �� �� �#�� #� 1�� �#�
 1
��5
240 1 �  1M�% �.rpm 1200 .������ ���� �� �.  .�B� ��

Z..�C�
 ��5D �
�� ��� �. ����
�� o�$ � S1�� �#�
 �. 1
��5
 X'#  

i (– � ����
�� o�$ � �� �� �#�240  S�
�� ��� �. 1 �Z���� �'�� ��5D 1�� 1
��5
  

 (v–  �. 1�� ���#�"o ����� ��P�# *�'�Brpm 1200  �rpm 1500 Z1%# ��5D  

 (`– ��  X$-�N �^" �. � u ��� 7'#�� 1
��5
%����
U 1 1�� �#�
 �#�� *U �.�#�
 �� ��% 9�: ;�% �5�� ���D *.�[-# �� �N# S 

 (���� 1�� ��) ;��� �'�\� �"�YL� �� #� 1�� ���#�"o &'�W� @#) �'��U 1%�� �"�P5" � �-�># �"�YL� 1 �� �#�� #� �
�� ��� o�$ �

 1�� 9�: ;�% ��)��. .#�	� � .�� �^" �-�8 ��% 9�: ;�% 1
��5
950 (..�N ,�- ��.  

 (w–  �"�YL� �#�� #� ����� ��P�# *�'�B ` ��� 7'#�� ,�- ��.���� �\%�W
 �"�P5" � �-�>#  

 (x– Z..�C�
 ��5D �B��! o�$ � S..�N 43] *U 1�� 9�: ;�% � ���� �
�� ��� �. ���#�"o �f"��D (` ���) �-�># �"�YL� 1 �� �.  

 (y -  (` ���) �-�># �"�YL� 1 �� �. �#�� �
�" ��� �. ����
�� o�$ � ���'#240 . �5�� ��D �'�� ��% 9�: ;�% .�� 1 �Z���� �$�#  

 (.– (��% ���#�"o) ;��� &'�W� &'�W� ��% 9�: ;�% �� 75- #� zW� .��
 ���#�"o ;�)#�Q� �f"��DS  ����
�� o�$ � X$�#. �#��

240  S�
�" ��� �. 1 �Z���� �$�#. �5�� ��D �'�� ��% 9�: ;�% 

 (b–  ��#�� ` ��� �. ���#�"o �+!�D i�c�� �N#5 �.@�� S���� *#�� �� �8�. Z1%# ��5D �
�� ��� �. *U  

  

:j%�:  

 (_ #– �8 �� �5$/
 &'�W� ���#�"o �#�
� :1%# ���5
 i  

:O: 1%# ��#�� �f�
�U *�'�B �� ����
�� *�'�B  

 Pout = Vt . Ia = 20000 , Vt = 240V 

 => Ia = 83.3 A   , Ea = Vt + Ra . Ia => Ea = 248.3 V 

  

� �B�� ���  : ��W�
  

235 < Ea < 250 => ;��� �3! �35" �. X'# X�� #� ��W�
 �'��  => 

fi

Ea

∆

∆
= (250 – 235) / (1.6 – 1.4) = 75 

=> (250 – 248.3) / (1.6 – if ) = 75 =>  if = 1.577 A 

 

  

  

 (2–  �.rpm  1500  ���5
 .#�M# �L)Ea  .�M �. ��W�
 ���B �.
1200

1500   =)1,25 (�
 2�> 7'#�� �]�� *�D S�"�+

�.��" �]�- :O: �"#  

Ea = 248.3 =>  1.25*190 < Ea < 1.25*215 =>  237.5 < Ea < 268.75 

�@�% �3! => 

fi

Ea

∆

∆
 = (268.75 - 237.5) / (1.2 – 1) = 156.25 = (268.75 – 248.3) /(1.2 – if)=> if =1.07A 
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 (u– ��8 X'# �� 1�� ���#�"o �#�
 :1%# i  

  

 if = Vt / Rf 

 :���� �� �.  

RaIa << Vt => Ea ≈ Vt = 240V 

 

 

=> 235 < Ea < 250 => �@�% �3! => 

fi

Ea

∆

∆
= (250 – 235) / (1.6 – 1.4) = 75 

=> (250 – 240) / (1.6 – if ) = 75 =>  if = 1.47 A , Rf = Vt / if => Rf = 163.6Ω 

 

=> Ia = if => RaIa = 0.147 << 240 => 1%# 6�W8 � �/
 �#�$�# ,�- 

  

 : �
�� ��� �.  

 

Ia = 83.3 A , Vt = Ea – RaIa = Ea – 8.33 , if = Vt / Rf => Rfif = Ea – 8.33 => Ea = 163.6if + 8.33 

 

��#aN.�M �� .;����� ��W�
 �� #� (��� 7!) ��
U 1%�� � .�	
 4��5� �W
 �'�� )if=1.2 , if=1.4 (�. :�� ��L�- *#�$�
 � .�	
  

 

215 < Ea < 235 => �@�% �3! => 

fi

Ea

∆

∆
= (235 – 215) / (1.4 – 1.2) = 100 

 

(235 – Ea) / (1.4 – if ) = 100 =>  ��� 7! => Ai
i

f

f

36.1100
4.1

8.33)  (163.6i- 235 f =⇒=
−

+
 

Vt = Rfif => Vt = 222.9 V 

 

 

 (i– :�
�� ��� �.  

Ia = 83.3 A , Vt = 240 , Ea = Vt + RaIa => Ea = 248.3 V 

 

:�'�� o�$ � X'# �� �� �#�� ;�"#��
 _ # ��� j%�: �. ��� ?�m"# �@�% �3! �� �B�� ��  

 

if  = 1.577 A , Vt = Rfif => Rf = 152.19 Ω 

 

 

 

 (v–  1 �� �. �. S����� ��P�#rpm 1200 :  

Vt = 0 => if = 0 => Ea = 6 V 

 

Ea = Vt + RaIa => Ea = RaIa => Ia = 6 / 0.1 => Ia = 60 A 

 �.rpm 1500 :  

Ea = 6 * (1500 / 1200) = 7.5 => Ia = 7.5 / 0.1 => Ia = 75 A 
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 (`– 1%# ���5
 i��8 �� ���� 1�� �� �"�YL� X���
 �#�
:  

 9�: ;�% *�'�B *�D ���� �� 1 �� �. �� ;���\�
 *U @# �^" �-�8 �� 1%# [�D�" ��%

��
 &'�W� ���� �� �..���� �
 1�� i��8 �� X�  X$�#. �#�� u ��� j%�: K\� O:

o�$ � ����
�� 240 :�'�� ���� �� �. 1 �  

 

 ish = 1.47 A , Vt = Rfish => Rf = 163.6 Ω 

  

 �N# �
�� ��� �.Is :���� ��% &'�W� 9�: ;�% *�'�B  

Ia = 83.3 A , Is = Ia = 83.3 A  

 �-�># �"�YL� ���#�"o �#��Mmf *#��
 �� :���� �)#�! i��8 X'# ��  

NI�� = Nsh . ish + Ns . Is 

 *U �. ��Ns  � ��% ��)��. .#�	�Nsh  1�� ��)��. .#�	� .���\�
  

 �.�	
 �f�
�U o�$ � ��W�
 ��� @# *#�$� ���'# �#�� X'#mmf  &'�W� *�'�B �'�� .�� �\%�W
 #� �.�	
)if( :;��� �\%�W
 #�  

S

Sh

S
shf I

N

N
ii +=  => if = ish + (4 / 950) . 83.3 => 35.0

6.163
+= t

f

V
i  

KVL => Vt = Ea – RaIa => Vt = Ea – 8.33 |�- �3�#� ���+"�B �� => Ea = 163.6if – 49.05   ��� 7! 

) |�- � .�	
 �. ��#aN .�M ��if = 2 , if = 1.8 �� �/'�5
 � (:;'�#. ��W�
  

260 < Ea < 265 => �@�% �3! => 

fi

Ea

∆

∆
= (265 – 260) / (2 – 1.8) = 25 

(235 – Ea) / (1.4 – if ) = 100 =>  ��� 7! => Ai
i

f

f

9.125
2

49.05) - (163.6i- 265 f =⇒=
−

 

=> Ea = 261.79 V => Vt = 253.46 V => ish = 1.55 A 

 

 �-�># �"�YL� ���#�"o �#��Mmf :���� �)#�! i��8 X'# �� *#��
 ��  

NI�� = Nsh . ish - Ns . Is 

) �.�	
 &'�W� *�'�Bif:;����
 �\%�W
 #� (  

  

S

Sh

S
shf I

N

N
ii −=  => if = ish - (4 / 950) . 83.3 => 35.0

6.163
−= t

f

V
i  

KVL => Vt = Ea – RaIa => Vt = Ea – 8.33 |�- �3�#� ���+"�B �� => Ea = 163.6if + 65.6   ��� 7! 

  

�
 �� �/'�5
 � ��� 7! �. ��#aN .�M �� �� �	��5� 9�) ��� 7! �� ;���\�
 ��W�P5" ���#�"o O: .�#�" ��W�
 ��� 1W� �"#�$�L" �"

������ �
�� ...�C�
 .��W
 ��$L� �'.�5
 �� *�'�B �  
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 (w– :;'�#. ����� ��P�# �. �-�># �"�YL� �#��  

Vt = 0 , Is = Ia , Vt = Ea – RaIa => Ea = RaIa , ish = 0 

� �.�	
 &'�W� *�'�B:..�C�
 i��8 X'# �  

S

Sh

S
f I

N

N
i =  => Ia = 237.5 if  => Ea = 23.75 if  ��� 7! 

) *�'�B X'�$N�[� <#@# �� �� ;���\�
 A�� � .�	
 �. ��#aN .�M ��if = 2 [�" ( 7! 4��5� �W
 ��A O: ..�#. �#�] ��W�
 �'@ ��� 7!

$�#. �#�] ��W�
 l�\�# 1L/] �. �'�� ��W�
 � ���:O: ���� �  

Ea = 270 => Ia = 2700 A 

  

 �"�P5" ���#�"o �#�� ����� ��P�# 1 �� �. #�'@ 1%# �c8 &'.[" � ;� ���/� ����� ��P�# *�'�B 9�) 1�� *#��
mmf �� �� �#

 ���� � ����L" �"�L/: }�! *U ��� 1�B �
# ����
 �� �� ��� ��% *#��
 g'#[-# �) O: ���� �
 *U _�	~� 1�B �. � *�'�B �.

 *�� ;� �m�$" �. � �� ��� g)�� zM�� �f�
�UEa .�+�
  *�� ;� zM�� g)�� X'# ��Ia ...�C�
  

  

 (x– :�
�� ��� 1 �� �. ` ��� K\�  

Vt = 253.46 , It = Ia – ish = 81.75 A 

 *U �. ��It  .1%# ����
�� �B��! *�'�B��� i��8 X'# �� ��� 1
��5
 �'�� *�'�B X'# �� �B�� ��:�  

Vt = It . R => R = 3.1 Ω 
 .�� 43] 1�� �#�
 �f"��D:.�+�
 ���5
 i��8 �� X���
 �#�
  

 

 KVL => Ea = RaIa + RsIa + RIa 

 @# �^" �-�8 ��Rs  ���'# �Is = Ia  

 => Ea = 3.2 Ia 

 *�'�B:..�C�
 i��8 X'# �� �.�	
 &'�W�  

 S

Sh

S
f I

N

N
i =  => Ea = 760 if       ��� 7!  

�� :;'�#. ��W�
 �� �/'�5
 � ��� 7! �. ��#aN .�M  

0 < Ea < 40 => �@�% �3! => 

fi

Ea

∆

∆
= (40 – 6) / (0.2 – 0) = 170 

(40 – Ea) / (0.2 – if ) = 170 => ��� 7! => Ai
i

f

f

01.0170
2.0

760i- 40 f =⇒=
−

 => Ea = 7.6V , Ia =2.4A 

 

 (y– :�
�" ��� �.  

Ia = Is = 83.3 A 

B:�.�	
 &'�W� *�'� 

S

Sh

S
shf I

N

N
ii +=  , Vt = Rfish  => ish = 1.47 A => if = 1.47 + 0.087 . Ns 

Ea = RaIa + Vt = 83.3 × 0.1 + 240 = 248.3 V 

 ��� j%�: K\� �'�� A�� o�$ � �#�� _ #if = 1.577 A :O: ����  

=> 1.577 = 1.47 + 0.087 . Ns => Ns = 1.22 

 ,�- ��Ns = 1  : ;'�#.if = 1.557A .1%# &'.[" �^" .��
 �#�5
 �� ��  
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 (.– :�
�� ��� �.  

Ia = Is = 83.3 A 

:;'�#. 1�� &'�W� }a� ��  

S

Sh

S
f I

N

N
i =  , Vt = 240V , Ea = Vt + RaIa = 248.3V 

:;'�#. _ # ��� j%�: ��� @# #.�m
  

if = 1.577A =>  183.83
950

577.1 ≅⇒= S
S N

N
��. 

 

 (b–  ���#�"o i�c�� � .�	
 i��8 X'# ��:1%#  

�/
 i�c��)Pcu( - �+!�D i�c��)Prot( - �.��� ���"��
 *#��)Pin( �B��! *#�� =)Pout(  

Pcu = RaIa
2
 + RsIs

2
 + Rshish

2
   ,  Ia = 83.3A   ,Vt = Rshish  => ish =  1.55A 

 @# �^" �-�8 ��Rs :;'�#.  

Pcu = 1086.57 W 

% i��8 �� �B�� ��:�#�  

Prot = .05 × 20000 = 1000 W 

:1%# i��8 X'# �� ���#�"o �B��! *#��  

Pout = Vt . It = 253.46 (83.3 – 1.55) => Pout = 20720.35 W 

:;'�#. =���� X'# ��  

Pin = Pout + Prot + Pcu = 22806.92 W , 908.0
92.22806

35.20720
===

in

out

P

P
η  => %η =  90.8 % 

 

 

 

10-  1�� ����
 &' �-�P
 *#�� 200  ���� �� �. 1 �500 .1%# i#�  *U �
�� ��� *�'�B �N#30  *U 1
��5
 � �Y
U0,2  ;)#

*U �.@�� ���� Z1%# �8�. ��D  

  

:j%�:  

Pin = Vt . It = 200 × 30 = 6000 W , ���� �� *#�� = Rshish
2
 + Prot = 500W 

Ploss = i�c�� = RaIa
2
 + Rshish

2
 + Prot = 0.2(30)

2
 + 500 = 680 W 

%67.88%8867.0
6000

680
11 =⇒=−=−= ηη

in

loss

P

P
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11-  ����
 &'DC  �5$/
 &'�W�KW 10  SV180  �f�
�U 1
��5
 �#�#. ��Ω0,2  S;'�#. ���$!# �. 1%# @#�"# �#� &'

.���� ��#�� *U �#�� �$
��5
 

  

:j%�:  

1%# i��8 X'# �� @#�"# �#� ��� :  

(.�+�
 �Q+
 ��$"# �. ��$
��5
 .#�	�)  

�W� *�'�B @# �^" �-�8 ��:;'�#. &'  

  

In = (10000) / (180) = 55.55 A �
�" *�'�B 

 �^W  �.:�@#�"# �#� ��#  

ωm = 0 => Ea = 0 , 
'2.0 1R

EV
I at

a
+

−
=  

=> Ia = 180 / (R1’ + 0.2)  , Ia = 2 In = 111.11A => R1’ = 1.42 Ω 

:�@#�"# �#� gQ� X'# *�'�: �.  

Ia = In = 55.55A => Ea = Vt – (R1’ + 0.2)Ia = 90 V 

�@#�"# �#� ?�. gQ� �#�$�# �.:  

Ia = (180 – 90)  / (R2’ + 0.2)  , Ia = 2 In = 111.11A => R2’ = 0.61 Ω 

:�@#�"# �#� ?�. gQ� *�'�: �.  

Ia = In = 55.55A => Ea = Vt – (R2’ + 0.2)Ia = 135 V 

:�@#�"# �#� ?�% gQ� �#�$�# �.  

Ia = (180 – 135)  / (R3’ + 0.2)  , Ia = 2 In = 111.11A => R3’ = 0.2 Ω 

:�@#�"# �#� ?�% gQ� *�'�: �.  

Ia = In = 55.55A => Ea = Vt – (R3’ + 0.2)Ia = 157.5 V 

:;'�#. �	� ����
 �#��  

Ia = (180 – 157.5)  / (R4’ + 0.2)  , Ia = 2 In = 111.11A => R4’ = 0.002 Ω 

 *�D @# ���! 1
��5
 X'#Ra $�
 O: 1%# �$L�.;�). �L��! ����
 �% �. #� �@#�"# �#� � ;'��C" �^" �.  #� *U ;�"#�  

:;'�#. �
U 1%�� ����
 �) �. 1
��5
 �#�5
 �� ���  

R1 + R2 + R3 = R1’   R1 = 0.81 Ω 

R2 + R3 = R2’   =>   R2 = 0.41 Ω 

R3 = R3’    R3 = 0.2 Ω 

  

 :6�>�� �% �) �@#�"# �#� l��� �. 1
��5
 R1 , R2 , R3   �#�
 �. ��# ����
 *�'�: �. .�"�#. �#�]R1  �. � .�+�
 ����� ��P�#

 ?�. ����
 *�'�:R2  ?�% ����
 *�'�: �. �R3 .�"�� �
 }a� �#�
 @# ��$
��5
 �L) i��8 X'# �� �  
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12-   ����
 &'DC  ��%200  S 1 �KW 4  1M�% ��rpm 700  .�!�f�
 �
�� ��� �. X'# *#��
 � �f�
�U 1
��5
 �N#

 ����
0,5  i�c�� � ;)# �
�" ��� �. *U �+!�D10  �� �8�. � *#�� � *#��
 l�\�# @# �^" �-�8 �� .���� 1M�% �� =%��$


.���� 2�/� #� ���� �� 1M�% �f�
�U �L	 # O�M  

  

:j%�:  

Prot = 0.1 × 4000 = 400 W 

Prot = K . n (1M�% �� =%��$
) = 700 . K = 400 => K = 0.57 => Prot = 0.57n = 5.46 ωm 

:;'�#. �
�� ��� �.  

Ia = 4000 / 200 = 20 A => Ea =Vt – RaIa => Ea = 190V 

:;'�#. l�\�# X$-�N ��'.�" ��  

Ea = K1.Ia.ωm => 190 = K1 . 20 . 700 . (π /30)   => K1 = 0.129 

 

���� �� �.  ��� �� �� ���"��
 *#�� �� �\�� }�8Prot :(.�#�" .�B� ��C'. ���"��
 ��� *�D) .�+�
  

 

T. ωm = 5.46 ωm => T = 5.46   ,  T = K1 . Ia
2
 => 5.46 = 0.129 Ia

2
 => Ia = 6.5A 

 

KVL => Ea = Vt – RaIa = 200 – 6.5 × 0.5 = 196.75 V  ,  Ea = K1.Ia. K1  => 196.75 = 0.129×6.5ωm 

 

=> ωm = 234.64 rad/s => n = 2240.7 rpm 

 

 

 

13-  1�� ����
 &'150  1 �KW 12  �
�� ��� �. �#�#. 1M�%rpm 1100  .1%#�f"��D Ra = 0.2Ω  SRsh = 100Ω  

��. SNsh = 500  � ��W�
 =/� �� ��\3] ���if :���� ��� �.#. i��8 ��  

10.5 10 9 7.5 5 2.5 1 Φ 
(mWb) 

3 2.5 2 1.5 1 0.5 0 if   (A) 

: 1%# 2��3
  

 (_ #– ) �f�
�U 1��d �\%�W
Ka(  

 (2–  �\%�W
����
 ���� �� 1M�%  

u (–  �
�� ��� �. �B��! ���$+N �+!�D i�c�� �N#)7 (���� *#�� �� �8�.  

 (i–  S.�� �-�># &'�W� �#�
 �� ��% 9�: ;�% �5�� �. �N# �-�># �"�YL� 1 �� �#�� �
�� ��� 1M�%������ #�.  ;�% 1
��5
 @#)

(.�� �^" �-�8 ��% &'�W� 9�:  

 (v–  �
�� ��� 1M�% .�� 43] 1�� 9�: ;�% �N# i ��� �. �-�># �"�YL� 1 �� �..������ #�  

 (`–  (��% ����
) ;��� &'�W� ��% 9�: ;�% �� 75- #� ����
 ;�)#�Q� �N#�5�� .#�	�  1M�% X$�#. �#�� #� *U ��)rpm1100 

.������ �
����� �.  

  

:j%�:  

  

 (_ #– :�
�� ��� �.  

Vt = ish . Rsh =>  if = ish = 1.5A => ��W�
 => Φ = 7.5 mWb 

 

����
 �#�
 �. KVL => Ea = Vt – RaIa , It = Ia – Ish   ,    �
�� ��� => Vt . It = 12000 , Vt = 150 => It = 80A 
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=> Ia = 78.5 A => Ea = 134.3 V = Ka.Φ.ωm = Ka × 0.0075 × 1100(π/30) => Ka = 155.4 

 (2– :���� �� �.  

Ia ≈ 0 => Ea ≈ Vt = 150V ,  1%# 1��d *#��
 ��� *�D => 

2

1

2

1

n

n

E

E

a

a =  => (150 / 134.3) = (n / 1100) 

=> n = 1228.6 rpm 

 

 (u– �
�� ��� �.  

Ia = 78.5 A , ish = 1.5A , Pcu = RaIa
2
 + RshIsh

2
 => Pcu = 1232.45 + 225 = 1457.45 W 

 

 � �/
 i��8 �� ���  => Prot = 0.07 × 12000 = 840W   =>  i�c�� ��   Ploss = 2297.45 W 

 

%85.80%8085.0
12000

45.2297
11 =⇒=−=−= ηη

in

loss

P

P
 

 (i– �-�># �"�YL� �#�� :�
����� �.  

Is = Ia , Ia = It – Ish = 80 – 1.5 = 78.5 A   ��% 9�: ;�% &'�W� *�'�B Is 

 &'�W� *�'�B1%# i��8 X'# �� �.�	
:  

S

Sh

S
shf I

N

N
ii +=  =>  if = 1.5 + (2 / 500)78.5 = 1.81   =>  1.5 < if < 2 

 �. ��W�
 �@�% �3! ��;'�#. ����" X'#:  

3
5.12

5.79
=

−

−
=

∆

∆Φ

fi
   =>   (9 – Φ) / (2 – 1.8) = 3   =>  Φ = 8.43 mWb 

:��% &'�W� 1
��5
 @# �^" �-�8 ��  

Ea = Vt – RaIa = 134.3 = Ka.Φ.ωm = 155.4 × 0.00843 × ωm  =>  ωm = 102.9 rad/s => n = 979 rpm 
  

 

 (v– �	
 &'�W� *�'�B 1�� &'�W� 43] ��:�'U �
 �. �'@ i��8 �� �.  

S

Sh

S
f I

N

N
i =   ,  Is = Ia   ,   �
�� ��� =>  Ia = 78.5A  =>  if = (2 / 500)78.5 = 0.314 A 

=> 0 < if < 0.5  => �@�% �3! => 3
05.0

15.2
=

−

−
=

∆

∆Φ

fi
   => (2.5 – Φ) / (0.5 – 0.314) = 3 

=>  Φ = 1.94 mWb   ,  Ea = Vt – RaIa  =>  Ea = 134.3  => Ea   *.�� 1��d ,�- �� => 

1

2

2

1

Φ

Φ
=

n

n
 

=>  (1.94 / 8.43) = (979 / n) =>   n = 4254.1 rpm 

 

 

(`- :1%# K��% ��� ��"�
 �.�	
 &'�W� *�'�B 1 �� X'# �.  

S

Sh

S
f I

N

N
i =   ,  Is = Ia   ,   �
�� ��� =>  Ia = 78.5A  

 �. _ # ��� K\�rpm 1100 �'��if = 1.5A  :O:  

1.5 = (Ns / 500) 78.5  =>  Ns = 9.55 ��.  
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14-  Z1%# �B#�
 ��+
 �� A�L	
 ����
 *#��	� �"�P5" �"�YL� X���
 @# ��#.�� ���� #�D  

 *�'�B �� �@#�"# �#� ?�C�) �. #�'@ .���
 A�� �f�
�U[�D�" ��"U �m$�
 ��� � �.�� �\�� 1�� *#��
 �� ��% *#��
  �. � ..�C�


..�+�L" �� �� ���$+N �m�$"  

  

  

  

•••  ��L'# �� #� ���� � ���8# �^" �"�N�) �c3 ari@yahoo.comgheyd ��+� ��    .�'�#aC� *��
�.  

  

  

  

 •••  1%# @�m
 4\�
 ��b �� ��#.�� �Y� l�" �)•••  

 

  

•••  

• 

  


