4.32
Incorporate the load equations for the system of one machine against an infinite bus

(a)
Neglecting damper effects.

(b)
Neglecting 

 and 

 for a machine with solid round rotor.

(c)
Neglecting damaper effects and the terms 

 and 

 .

Solution
(a) Neglecting damper effects: This is model 4, IEEE designation 1.0, called the E'q model.  From (4.213) - (4.215)
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From (4.149)

(Note that the left-hand-sides of the below two equations should be upper case).
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Also, from (4.199)
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From (1) and (8)
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   (A)

From (2) and (9), and from (3):
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   (B)
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From (4.218) - (4.220)
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(b) Neglecting 

 and 

 for a machine with solid round rotor. This is model 6, IEEE designation 1.1, called the two-axis model for a cylindrical rotor machine. This model is described on pp 138-140 of the text. Note that the text's description of this model uses notation that indicates the Q-circuit is present. However, for this model, it is the G-circuit that is actually present (to account for transient effects). The Q-circuit, as we have defined it (to account for subtransient effects), is not present.

From (4.287) - (4.289)
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From (4.149) and neglecting 

 and 
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From (4.277) - (4.278)
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(c) Neglecting damaper effects and the terms 

 and 

: This is model 7, with IEEE designation 1.0, called the one-axis model.
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From the machine equations
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Then
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From (2) and (4)
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and, from (3) and (5)
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From (6) and (7)
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5.1 
The synchronoous machine discussed in Examples 5.1 and 5.2 is operating at rated terminal voltage, and its output power is 0.80 pu.  The angle between the q axis and the terminal voltage is 45°. Find the steady-state operating conditions: the d and q axis voltages, currents, flux linkages, and the angle .

Solution
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Then
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  or
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Now 

  or 


Then
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5.2
The same synchronous machine connected to the same transmission line, as in Examples 5.1 and 5.2, has a local load of unity power factor, which is represented by a resistance R = 10 pu. The infinite bus voltage is 1.0 pu. The power at the infinite bus is 0.9 pu at 0.9 PF lagging. Find the operating condition of tha machine.

Solution

	Local Load: 
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Let 

 be the phasor reference.  

 

Then 
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Now at the load
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The total current supplied by bus a is
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which is noted to be a machine overload.

Power and reactive factors:  
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d-axis flux linkages:
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q-axis flux linkages:
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Torques:
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9.1
If the 

 matrix of the network, reduced to the generator nodes, is such that 

, derive the general form of the matrix 

.

Solution
For 

, derive the general expression for 
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For 

, 
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The diagonal terms for diagonal element i are:
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Then
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9.2
For the conditions of Problem 9.1, obtain the real matrices for Iq and Id in terms of Vq and Vd . Compare with (9.40) for a two-machine system with 


Solution

For a two-machine system
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9.3
Repeat Example 9.3, using the synchronous machine model called the one-axis model (see Section 4.15.4).

Solution
One-Axis Model
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From (9.42), for a two-machine system
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Thus, 

 and 

 can be determined in terms of 

 and 


The rest of the equations of (9.42) remain the same.
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