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3-8 Ratio of Starting To Rated Torque:- 

𝑇 =
3

𝜔1
 𝐼2𝑒2

𝑅2𝑒

𝑠
𝑖𝑛 𝑔𝑒𝑛𝑒𝑟𝑎𝑙 

𝑎𝑡 𝑠𝑡𝑎𝑟𝑡𝑖𝑛𝑔   𝑇𝑠 =
3

𝜔1
𝐼2𝑠2𝑅2𝑒 =

𝑃𝑐𝑢2

𝜔1
… … … (1) 

𝑎𝑡 𝑟𝑎𝑡𝑒𝑑 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛  𝑇𝑟 =  
3

𝜔1
 𝐼2𝑟2

𝑅2𝑒

𝑠𝑟
 

𝑡ℎ𝑒𝑛 𝜇𝑠  𝑜𝑟  𝐾𝑠𝑟 =
𝑇𝑠

𝑇𝑟
= 𝑆𝑟 (

𝐼2𝑠

𝐼2𝑟
)

2

 

 

 

3-9 Ratio of Starting To Maxi Torque:- 

𝑇𝑚 =
3

𝜔1
 .

𝑉12𝑠𝑚 𝑅2𝑒

𝑅2𝑒2 + (𝑠𝑚 𝑋2𝑒)2
      𝑎𝑠𝑠𝑢𝑚𝑖𝑛𝑔 𝑡ℎ𝑎𝑡 𝑍1 =       𝑎𝑙𝑠𝑜 𝑅2𝑒 = 𝑆𝑚  𝑋2𝑒 

𝑡ℎ𝑒𝑛   𝑇𝑚 =
3𝑉12

𝜔1
 .

𝑠𝑚(𝑠𝑚 𝑋2𝑒)

2(𝑠𝑚 𝑋2𝑒)2
=

3𝑉12

2𝜔1𝑋2𝑒
 

𝑠𝑖𝑚𝑖𝑙𝑎𝑟𝑙𝑦    𝑇𝑠 =
3

𝜔1
 .

𝑉12 𝑅2𝑒

𝑅2𝑒2 + ( 𝑋2𝑒)2
      , 𝑠𝑖𝑛𝑐𝑒    𝑠 = 1 

𝑡ℎ𝑒𝑛   𝜇𝑠𝑚   𝑜𝑟 𝐾𝑠𝑚 =
𝑇𝑠

𝑇𝑚
=

2𝑅2𝑒 𝑋2𝑒

𝑅2𝑒2 + 𝑋2𝑒2
=

2𝑅2𝑒
𝑋2𝑒

𝑋2𝑒2

𝑅2𝑒2 + 𝑋2𝑒2

𝑋2𝑒2

 

𝜇𝑠𝑚 =
2𝑠𝑚

1 + 𝑠𝑚2
                  ( 0.3 − 0.7) 

 

Ex 1) A 3-phase ,5.5kw,4-pole,50HZ,1455 rpm IM. its stand still rotor impedance is 

Z2=0.8+j4  and rotor short circuit current is 60A.neglect the friction and winding losses and 

find 1)Ts/Tr  ,2)Ts/Tm 

Sol:- 
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𝑛1 =
60𝐹

𝑃
= 1500𝑟𝑝𝑚    ,    𝑆𝑟 =

𝑛𝑜 − 𝑛

𝑛𝑜
, 𝑠𝑟 =

1500 − 1455

1500
= 0.03 

𝑠𝑚 =
𝑅2

𝑋2
=

0.8

4
= 0.2    𝑃𝑐𝑢2 = 𝑃𝑚  

𝑠𝑟

1 − 𝑠𝑟
= 5500 .

0.03

1 − 0.03
= 170𝑤 

𝑃𝑐𝑢2 = 3𝐼2𝑟  𝑅2    𝑜𝑟  𝐼2𝑟 = √
𝑃𝑐𝑢2

3𝑅2
= √

170

3 × 0.8
= 8.4𝐴 

𝜇𝑠 =
𝑇𝑠

𝑇𝑟
= (

𝐼𝑠𝑐

𝐼2𝑟
)

2

𝑆𝑟 = (
60

8.4
)

2

0.03 = 1.2 

 

𝜇𝑚 =
𝑇𝑚

𝑇𝑟
=

𝑠𝑚²+𝑠𝑟²

2𝑠𝑟 𝑠𝑚
= 

0.22+0.032

2∗0.2∗0.03
= 3.4 

𝑇𝑆

𝑇𝑀
=

𝑇𝑆

𝑇𝑟
𝑋

𝑇𝑟

𝑇𝑀
= 0.35 

Or   𝜇𝑠𝑚 =
2𝑆𝑚

1+𝑆𝑚
2 

 

 

 

Ex2) The synchronous speed of 4-pole,50HZ,3-phase IM drops by 4% at full load ,its rotor 

standstill impedance is 0.2+j0.8 .find the full load output power and Ts if Tm=100 N-M 

Sol:- 

𝑛1 =
60𝑓1

𝑝
= 1500rpm    Sr = 0.04        𝑁r = 1440rpm 

𝑆𝑚 =
𝑅2

𝑋2
=

0.2

0.8
= 0.25 

𝜇𝑚 =
𝑇𝑚

𝑇𝑟
=

𝑆𝑚2 + 𝑆𝑟2

2𝑆𝑚 𝑆𝑟
=

0.252 + 0.042

2 × 0.25 × 0.04
= 3.205 

𝑇𝑟 =
𝑇𝑚

𝜇𝑚
=

100

3.205
= 31.2  𝑁. 𝑀 
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𝑃2 =
2𝜋𝑛

60
𝑇𝑟 = 2𝜋 

1440

60
 .31.2 = 4700𝜔 

𝜇𝑠𝑚 =
𝑇𝑠

𝑇𝑚
=

2 𝑠𝑚

1 + 𝑠𝑚2
=

2 ×  0.25

1 + 0.252
= 0.47 

𝑇𝑠 = 𝜇𝑠𝑚 𝑇𝑚 = 0.47 × 100 = 47 𝑁. 𝑀 

Ex3) A 3-phase , 4-pole,1 5kw ,50HZ,1455 rpm Im.its rated slip is 3%and stand still rotor 

impedance is (0.2+j0.8) find  the max. torque and the speed at which occurs. 

Sol:- 

𝑛1 =
60𝐹1

𝑃
= 1500rpm, 𝑛 = (1 − 0.03)1500 = 1455𝑟𝑝𝑚 

𝑆𝑚 =
𝑅2

𝑋2
=

0.2

0.8
= 0.25 

𝑇𝑟 =
𝑃2

𝜔
=

60 × 15000

2𝜋 × 1455
= 98.5 𝑁. 𝑀 

𝜇𝑚 =
𝑇𝑚

𝑇𝑟
=

𝑆𝑚2 + 𝑆𝑟2

2𝑆𝑚 𝑆𝑟
=

0.252 + 0.032

2 × 0.25 × 0.03
= 4.77 

𝑇𝑚 = 𝑇𝑟 × 𝜇𝑚 = 98.5 × 4.77 = 470 𝑁. 𝑀 

The speed at which the max. Torque occurs 

𝑛𝑚 = (1 − 𝑠𝑚)𝑛1 = (1 − 0.25)1500 = 1125𝑟𝑝𝑚 

Ex4) A 3-phase ,SRIM having stand still rotor impedance is (0.2 +j0.6)  Ω/phase . find the 

value of the additional resistance to be added to the rotor winding in order to increase the 

starting torque to ↑75% of the max. torque. 

Sol:- 

𝑇𝑠

𝑇𝑚
=

2𝑠𝑚

1 + 𝑠𝑚2
= 0.75 

0.75𝑠𝑚2 − 2𝑠𝑚 + 0.75 = 0 

𝑠𝑚 =
2 ± √22 − 4 × 0.75 × 0.75

2 × 0.75
= 0.45 
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𝑠𝑚 =
𝑅𝑡

𝑋2
=

𝑅2 + 𝑅𝑎𝑑𝑑

𝑋2
= 0.45 

𝑅𝑎𝑑𝑑 = 0.6 × 0.45 − 0.2 = 0.07𝛺 

 


