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Step-by-step solution

In order to derive expressions of currents in stationary reference frame and in synchronously

rotating reference frame proceed as follows:

In the arbitrary reference frame the expression of current  is given by the following below

expressions:

 …… (1)

Where,

Time constant is ,

Electrical angular velocity  is ,

Angular velocity is ,

Time is ,

Phase delay angle is ,

Voltage  is ,

Impedance is 

Also, in the arbitrary reference frame the expression of current  is given by the following

below expressions:

 …… (2)

Comment

Now, the expressions for currents in the waveforms shown below in Figure 1 for the stationary

reference frame are determined as follows:

Figure 1

Comment

It is known that in the stationary reference frame angular velocity  is always zero and

, here  stands for quadrature axis current in the stationary reference frame and

expression of  is given below:

As  therefore above expression will transform to the following below expression:

 …… (3)

Comment

Impedance  is given by the following below expression:

Substitute  for  and  in the expression of 

As,  and , the value of inductance  is determined by the

below expression:

Time constant  is determined by the following below expression:

Substitute  for  and  for  in the above expression:

Comment

The phase delay angle is determined by the following below expression:

Substitute  for  and  for  in the above expression:

Comment

Substitute the corresponding values in equation (3).

Also, the direct axis current in stationary reference frame  is determined by the following

below expressions:

From equation (2).

Substitute  in above expression to determine expression for direct axis current in

stationary reference frame 

 …… (4)

Comment

Substitute known values in equation (4).
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Hence, the expression of currents in the stationary reference frame are

and

.

Comment

Now, the expressions for currents in the waveforms shown below in figure 2 for the

synchronously rotating reference frame are determined as follows:

Figure 2

It is known that in the synchronously rotating reference frame angular velocity  is always

equals to electrical angular velocity .

From equation (1)

Substitute  in the above expression to determine expression for quadrature axis current

in synchronously rotating reference frame .

 …… (5)

Comment

Substitute corresponding values in equation (5).

Comment

Also, the direct axis current in the synchronously rotating reference frame  is determined by

the following below expressions:

From equation (2)

Substitute  in above expression to determine expression for direct axis current in

synchronously rotating reference frame .

 …… (6)

Comment

Substitute corresponding values in equation (6).

Hence, the expression of currents in the synchronously rotating reference frame are

and

.

Comment
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