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2-5 Referred Values: - 

F2=F2e 

0.9 𝑀2 𝐼2 𝐾𝑊2 𝑇2

𝑒
=

0.9 𝑀1 𝐼1 𝐾𝑊1 𝑇1

𝑒
 

𝐼2𝑒 = (
𝑚2𝑘𝑤2𝑇2

𝑚1𝑘𝑤1𝑇1
) 𝐼2 =

𝐼2

𝐾𝑖
= 𝐼1 

S2=S2e 

𝑚1𝐸2𝐼2 = 𝑚1𝐸2𝑆 𝐼2𝑆 = 𝑚1𝐸2𝑆 (
𝑀2𝐾𝑊2𝑇2

𝑀1𝐾𝑊1𝑇1
. 𝐼2) 

𝐸2𝑒 =
𝐾𝑊1𝑇1

𝐾𝑊2𝑇2
. 𝐸2 = 𝐾𝑒 𝐸2 = 𝐸1   

𝐼22𝑅2 = 𝐼22𝑒 𝑅2𝑒     , 𝑚2 𝐼22𝑅2 = 𝑚1 𝐼2𝑒 𝑅2𝑒 

𝑅2𝑒 =
𝑚2

𝑚1

𝐼22

𝐼2𝑒2
. 𝑅2 =

𝑚2

𝑚1
(𝑘𝑖)(𝑘𝑖). 𝑅2 

Where  

          Ke=
𝑚2

𝑚1
(𝑘𝑖)  

∴ 𝑅2𝑒 = 𝐾𝑒 𝐾𝑖 𝑅2 

 𝑀2 𝐼2² 𝑋2

2
=

 𝑀1 𝐼2𝑒2𝑋2 

2
 

𝑋2𝑒 =
𝑚2

𝑚1
(

𝐼2

𝐼2𝑒
)

2

𝑋2

= (
𝑚2

𝑚1
𝑘𝑖) 𝑘𝑖 𝑋2

= 𝑘𝑒 𝑘𝑖 𝑋2 

In general, ke=ki=k then 

𝐼2𝑒 =
𝐼2

𝐾
         , 𝐸2𝑒 = 𝐸2𝑘       , 𝑅2𝑒 = 𝑘2𝑅2   , 𝑋2𝑒 = 𝑘2𝑥2 

For squirrel-cage motor. 

𝑚2 =
𝑠2

𝑝2
     , 𝑇2 = 0.5   , 𝐾𝑤2 = 1 
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2-6 Phasor Diagram: - 

for ideal motor 

 𝐸2 → 𝐸1 → ∅𝑚 Z1=0     pcu≠0    

E1 = E2      𝑎𝑡 𝑆 = 1 

F1=-F2    ,   I1=-I2    ,IM=0 

-FOR ACTUAL MOTOR      

Excitation mmF   Fe=F1+F2 

Ie=I1+I2e        ,   Ie=Io  ,Ie=Im+Ii         -

Fig.1  

V1=-E1+I1(R1+Jx1)         -Fig.2 

𝑣2 = −𝐸2𝑆 + 𝐼2𝑒 𝑍2𝑆 

= −𝑆𝐸1 + 𝐼2𝑒(𝑅2𝑒 + 𝐽𝑆𝑋2𝑒) 

= −𝐸1 + 𝐼2𝑒 (
𝑅2𝑒

𝑠
+ 𝑗𝑥2𝑒) 

𝑅2𝑒

𝑠
=

𝑅2𝑒

𝑠
+ 𝑅2𝑒 − 𝑅2𝑒 

= 𝑅2𝑒 + (𝑅2𝑒 
1 − 𝑆

𝑆
) 

𝐼2𝑒²
𝑅2𝑒

𝑠
= 𝐼2𝑒² 𝑅2𝑒 + 𝐼2𝑒² 𝑅2𝑒 

1 − 𝑠

𝑠
= 𝑝𝑐𝑢2𝑒 + 𝑝𝑚 

 

 

 

2-7 Equivalent Circuit: - 

𝐸1 = 𝐼𝑒𝑍𝑒        ;   𝐸1 ∝ 𝐼𝑒      ; 𝑍𝑒 = 𝐸𝑥𝑖𝑡𝑎𝑡𝑖𝑜𝑛 𝑖𝑚𝑝𝑒𝑑𝑎𝑛𝑐𝑒 
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Y𝑒 =
1

𝑧𝑒
  =

1

𝑅𝑖
+

1

𝑗𝑋𝑚
= 𝐺𝑖 − 𝑗𝐵𝑚 = 𝐴𝑑𝑚𝑖𝑡𝑡𝑎𝑛𝑐𝑒 

𝐺𝑖 = 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑎𝑛𝑐𝑒  , 𝐵𝑚 = 𝑠𝑢𝑠𝑐𝑒𝑝𝑡𝑎𝑛𝑐𝑒  

 

 

𝐼𝑒 =
𝐸𝑖

𝑍𝑒
= 𝐸1 𝛾𝑒 = 𝐸1 𝐺𝑖 − 𝑗𝐸1𝐵𝑚 

𝐼𝑒 = 𝐼𝑖 + 𝐼𝑚 

We have: - 

𝑣1 = −𝐸1 + 𝐼1𝑍1 

𝑣1 = 𝐼𝑒 𝑍𝑒 + 𝐼1𝑍1 

0 = −𝐸1 + 𝐼2𝑒 𝑍2𝑒𝑠 = 𝐼𝑒 𝑍𝑒 + 𝐼2𝑒 𝑍2𝑒𝑠 

𝐼2𝑒 = 𝐼𝑒 − 𝐼𝑖 
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By use this equation we will have 

𝐼𝑒 = 𝐼1
𝑧2𝑒

𝑧𝑒 + 𝑧2𝑒𝑠
 

𝑉1 = 𝐼1 (𝑍1 +
𝑍2𝑒𝑠. 𝑍𝑒

𝑍𝑒 + 𝑍2𝑒𝑠
) = 𝐼1𝑍𝑡 

 

 

Approximate Equivalent cct 

 

 

 

 

 

 

 

 

*No –load  test 
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Vo, Po, Io 

𝑰𝟏 = 𝑰𝒐   , 𝑽𝟏 = 𝑽𝒐   , 𝑰𝒆 = 𝑰𝟏 = 𝑰𝒐 

𝑷𝒐 = 𝒗𝒐 𝑰𝒊 = 𝒗𝒐(𝒗𝒐 𝑮𝒊) = 𝒗𝒐𝟐𝑮𝒊 

𝑮𝒊 =
𝒑𝒐

𝒗𝒐𝟐
                  ;       𝑰𝒊 = 𝒗𝒐 𝑮𝒊 

𝑰𝒎 = √𝑰𝒐𝟐 − 𝑰𝒊𝟐       ;      𝑩𝒎 =
𝑰𝒎

𝒗𝒐
 

 

*short –circuit test 
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𝑣𝑠𝑐, 𝐼𝑠𝑐, 𝑝𝑠𝑐 

𝑧𝑠𝑐 = 𝑧1 + 𝑧2𝑒   = 𝑅𝑠𝑐 + 𝑗𝑋𝑠𝑐 =
𝑣𝑠𝑐

𝐼𝑠𝑐
 

𝑅𝑠𝑐 =
𝑃𝑠𝑐

𝐼𝑆𝐶
2 = 𝑅1 + 𝑅2𝑒 

𝑋𝑠𝑐 = 𝑋1 + 𝑋2𝑒 = √𝑍𝑠𝑐2 − 𝑅𝑠𝑐2 

𝑅2𝑒 = 𝑅𝑠𝑐 − 𝑅1 

𝑋2𝑒 ≅ 𝑋1 =
𝑋𝑠𝑐

2
 

 


