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-4 Maximum Torque: -3 

 

Taking the derivative of Tem by S (dTem/ds) and equating this to zero (dt/ds  =0)then the 

slip at max. torque(critical slip) can be obtained:- 

𝑠𝑚 = ±
𝑅2𝑒

√𝑅1² + (𝑋1 + 𝑋2)²
 

 

=0)then1If neglecting the stator risis.(R 

𝑠𝑚 = ±
𝑅2𝑒

√(𝑋1 + 𝑋2)2
= ±

𝑅2𝑒

xsc
 

in the torque equation in (Tem)then mSubstituting S 

𝑇𝑚 = ±
3𝑉1²

𝜔1
 ×

1

2(R1 ± √R1² + (X1 + X2)²
 

=0 then the maximum torque is 1Neglecting the R 

𝑇𝑚 = 1.5 
𝑉²

𝜔1 𝑋𝑆𝐶
= 0.2388𝑃 

𝑉²

𝑓1 𝑋𝑆𝐶
 

The max. torque value is inversely proportional to the short circuit reactance(Tα 1/XSC)and 

value. mon T 2e):that mane it's no effect of R2eit is independent of (R 

mTo have max. torque at starting: Ts=T 

sc+X1=Xsc=X2eOr    R   SC/X2e=1=RmThen S 

φ2=0.707and cos 5̊=42φhat This means t 

3-5 Starting Torque:-  

At starting S=1, substituting this slip value is torque equation then. 

𝑇𝑠 =
3𝑉12

𝜔1
.

𝑅2𝑒

(𝑅1 + 𝑅2𝑒)2 + (𝑥1 + 𝑥2𝑒)2
 

Usually if is required that Ts=Tm then Sm=1 or R2e=X2e if should be rotated that  R2e/s= 

constant always  or 
𝑅2

𝑆
=

𝑅2′

𝑆′
=

𝑅2‴

𝑆‴
=

𝑅2‴″

𝑆‴′
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3- 6 Effect of Applied Voltage:- 

From approximate equivalent cct and assuming Z1=0 then  

𝑇𝑚 =
3

𝜔1
.

𝑉12𝑅2𝑒

(𝑅2𝑒)2 + (𝑆𝑋2𝑒)2
      𝑠𝑖𝑛𝑐𝑒  𝑇1 = 𝑇2 = 𝑇 

Then 

𝑉12  𝑆1 𝑅2𝑒

(𝑅2𝑒)2 + (𝑆1𝑋2𝑒)2
=

𝑉22 𝑆2 𝑅2𝑒

(𝑅2𝑒)2 + (𝑆2𝑋2𝑒)2
 

𝑂𝑅 (
𝑉1

𝑉2
)

2

=
𝑆2

𝑆1
(
𝑅2𝑒2 + (𝑆1 𝑋2𝑒)2

𝑅2𝑒2 + (𝑆2 𝑋2𝑒)2
 

Since  slip variation will not effect the value in the rotor coil of machine then. 

𝑇1

𝑇2
= (

𝑉1

𝑉2
)

2

=
𝑆2

𝑆1
      𝑆𝑖𝑛𝑐𝑒 𝑆1 𝑋2𝑒 = 𝑆2 𝑋2𝑒 

If  V2=0.75V1  then  T2=0.44 T1 

That mane the voltage variation ΔV must be in rang of (10-(-5))% 

ΔV=+10%  ,  -5% 
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3-7 Ratio of Max To Rated Torque:- 

𝑇𝑟 =
3𝑉²

𝜔1
.

𝑅2𝑒/𝑠𝑟

(𝑅1 + 𝑅2𝑒/𝑠𝑟)2 + (𝑥1 + 𝑥2)2
 

𝑇𝑚 =
3𝑉2

𝜔1
.

𝑅2𝑒
𝑠𝑚

(𝑅1 +
𝑅2𝑒
𝑠𝑚 )

2

+ (𝑥1 + 𝑥2)2

 

Kmr   or  𝜇𝑚 =
𝑇𝑚

𝑇𝑟
 

𝜇𝑚 =
(𝑅1 +

𝑅2𝑒
𝑠𝑟 )

2

+ (𝑋1 + 𝑋2𝑒)2

(𝑅1 +
𝑅2𝑒
𝑠𝑚 )

2

+ (𝑋1 + 𝑋2𝑒)2

 .
𝑠𝑟

𝑠𝑚
 

𝑆𝑚 =
𝑅2

√𝑅12 + (𝑋1 + 𝑋2)2
 → 𝑅12 + (𝑋1 + 𝑋2)2 = (

𝑅2

𝑆𝑚
)

2

 

(𝑋1 + 𝑋2)2 = (
𝑅2

𝑆𝑚
)

2

− 𝑅12 

𝜇𝑚 =
𝑅12 + 2𝑅1

𝑅2
𝑆𝑟

+ (
𝑅2
𝑆𝑟 )

2

+ (
𝑅2
𝑆𝑚)

2

− 𝑅1²

𝑅12 + 2𝑅1
𝑅2
𝑆𝑟 + (

𝑅2
𝑆𝑟 )

2

+ (
𝑅2
𝑆𝑚)

2

− 𝑅1²

 .
𝑠𝑟

𝑠𝑚
 

=
2𝑅1𝑅2 +

𝑅22

𝑆𝑟
+ 𝑠𝑟 (

𝑅2
𝑆𝑚)

2

2𝑅1𝑅2 +
𝑅22

𝑆𝑚
+

𝑅22

𝑆𝑚

×
𝑅22

𝑅22
𝑑𝑖𝑣𝑖𝑑𝑒𝑑 

=

2𝑅1
𝑅2

+
1

𝑆𝑟
+

𝑆𝑟
𝑆𝑚2

2𝑅1
𝑅2

+
1

𝑆𝑚
+

1
𝑆𝑚

 ×
𝑠𝑚

𝑠𝑚
 

𝜇𝑚 =

𝑠𝑚
𝑠𝑟

+
𝑠𝑟
𝑠𝑚

+ 2𝑠𝑚
𝑅1
𝑅2

2 + 2𝑆𝑚
𝑅1
𝑅2
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𝜇𝑚 =

𝑠𝑚
𝑠𝑟

+
𝑠𝑟
𝑠𝑚

+ 𝑄

2 + 𝑄
           𝑄 = 2𝑆𝑚

𝑅1

𝑅2
 

𝑍1 = 0,    𝑄 = 0 

𝑇𝑚

𝑇𝑟
=

𝑠𝑚
𝑠𝑟

+
𝑠𝑟
𝑠𝑚

2
= 2

𝑇𝑚

𝑇𝑟
=

𝑆𝑚² + 𝑆𝑟²

𝑆𝑚 𝑆𝑟
 

𝑇𝑚

𝑇𝑟
=

𝑆𝑚² + 𝑆𝑟²

2𝑆𝑚 𝑆𝑟
 

𝜇𝑚= 1.7 …….3 

 


