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Figure 1. Single cage model equivalent circuit 

The single cage model has the following parameters: 

  = motor terminal voltage 

  = stator resistance 

  = stator leakage reactance 

  = magnetising reactance 

  = rotor resistance 

  = rotor reactance 

It has been shown (for example, in [1]) that the single cage model is not able to capture both 

the starting characteristics and the breakdown torque characteristics of a cage induction motor. 

Therefore for motor startup simulations, the double cage model is recommended. 
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Figure 2. Double cage model equivalent circuit 

The double cage model has the following parameters: 

  = motor terminal voltage 

  = stator resistance 

  = stator leakage reactance 

  = magnetising reactance 

  = inner cage rotor resistance 

  = inner cage rotor reactance 

  = outer cage rotor resistance 

  = outer cage rotor reactance 

Core Losses 

You will notice that in the models above, the shunt magnetising branch is represented as a 

magnetising reactance only (Xm). In a practical motor, there will also be eddy currents in the 

core laminations that manifest themselves as heat losses. These so called core (or iron) 

losses can be modelled as a shunt resistance as per the standard transformer model. 

Parameter Mismatch with Measured Data 

Manufacturers sometimes provide the electrical parameters for the motor equivalent circuit 

(usually the single cage model) on their data sheets, based on measured test data (e.g. 

using the standard tests in IEEE Std 112). However, if one were to compute the motor 

torque-speed curve using these parameters, significant differences will often be found 

between the torque-speed curve implied by the equivalent circuit and the torque-speed 

curve from the manufacturer’s performance data (e.g. breakdown torque, locked rotor 

torque, etc) [2]. 

The reason for this is that the equivalent circuit model is a simplification of reality. For 

modelling purposes, we would like an equivalent circuit with constant parameters that is 

reasonably accurate (when compared to the performance data) over the full range of slip 

values. However, this simplified model doesn't take into consideration a number of factors 

present in practical motors, for example: 

 The equivalent circuit parameters are not constant, and actually vary with frequency 

(slip). The manufacturer will sometimes provide measured electrical parameter data at 

various slip values and they will no doubt be different. For example, rotor resistance is 

frequency (slip) dependent, caused by eddy currents in deep and shaped rotor bars. 

Likewise, leakage inductances vary due to eddy currents and saturation of the leakage flux 

path [3] 

 The parameters also vary with temperature and saturation of the teeth and core [4] 
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 Stator resistance is normally measured with a dc resistance test (e.g. IEEE Std 112), but 

the ac resistance may be different in practice and is also temperature dependent 

 Saturation of the leakage path of stator and rotor magnetic fields during DOL starting 

reduces the leakage reactances at locked rotor conditions. However the locked-rotor test 

is done at reduced voltages to simulate full load currents. Therefore the test doesn’t 

actually simulate the high currents on starting and thus tends to overestimate the rotor 

and stator leakage reactances. 

 The skin effect reduces rotor leakage inductance 

 The effect of space and time mmf harmonics 

 For deep bar or double cage machines, classical no-load and locked rotor tests result in 

rotor resistances that are often too high 

As mentioned above, we want an equivalent circuit with constant parameters that is 

reasonably accurate over the full range of slip values from 0 to 1pu. Sometimes such 

an equivalent circuit doesn’t actually exist, and in such cases we have to decide which 

parts to sacrifice (e.g. if only the starting characteristics are important in the study, 

then it may be acceptable for the full-load characteristics to be less accurate). 
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