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Problem 1 (Computing Critical Clearing Time (CCT) using EAC): 

A three-phase 50 Hz synchronous generator is supplying power through pure reactive parallel transmission lines to an infinite bus. The machine is delivering 1.0 per unit power (
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When power is transmitted during a fault, the equal-area criterion is applied
as shown in Fig. 14.11 which is similar to the power-angle diagram of Fig. 14.6.
Before the fault, P, sin ¢ is the power which can be transmitted; during the
fault, ry P_,, sin J is the power which can be transmitted; and r, P ,,, sin é is the
power which can be transmitted after the fault is cleared by switching at
the instant when ¢ = 6,,. Examination of Fig. 14.11 shows that ¢, is the gritical
clearing angle in this case. By evaluating the areas A, and A, using
the procedural steps of the previous section, we would find

(Pon/P ax)(Omax — 00) + 72 €COS Opax — F1 €OS Oy
Fp —Fq

cos 0., =

(14.73)

A literal form solution for the critical clearing time ¢, is not possible in this case.
For the system and fault location shown in Fig. 14.8, the values are r, = 0,
r, = 1 and the equation then reduces to Eq. 14.67.

Regardless of their location, short-circuit faults not involving all three
phases allow the transmission of some power, because they are represented by
connecting some impedance rather than a short circuit between the fault point
and the reference bus in the positive-sequence impedance diagram. The larger the
impedance shunted across the positive-sequence network to represent the fault,
the larger the power transmitted during the fault. The amount of power trans-
mitted during the fault affects the value of A, for any given clearing angle. Thus,
smaller values of r; result in greater disturbances to the system, as low r; means
low power transmitted during the fault and larger A,. In order of increasing
severity (decreasing r, P,,) the various faults are:

1. single line-to-ground fault

2. line-to-line fault

3. double line-to-ground fault -
4. three-phase fault

The single line-to-ground fault occurs most frequently, and the three-phase fault
is least frequent. For complete reliability a system should be designed for tran-
sient stability for three-phase faults at the worst locations, and this is virtually
the universal practice. '
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Example 14.8 Determine the critical clearing angle for the three-phase fauit

described in Examples 14.4 and 14.5 when the initial system configuration
and prefault operating conditions are as described in Example 14.3.

SoLuTION The power-angle equations obtained in the previous examples are

Before the fault: P, sin 6 =2.100 sin ¢

During the fault: r;Pp,, sin § = 0.808 sin o
After the fault: 7y Py Sin 6 = 1.500 sin &

Hence

0.808 1.500
_ 200 — Y 0714
=570 ~ 0% "2 3000

From Example 14.3, we have
8o = 28.44° = 0.496 rad

and from Fig. 14.11, we calculate

= 180° — sin~? 1—0@ = 138.190° = 2.412 rad

Omax 1.500
Therefore, inserting numerical values in Eq. (14.73), we obtain

(1.0/2.10)(2.412 — 0.496) + 0.714 cos (138.19°) — 0.385 cos (28.44")
COS Oy = 0.714 — 0.385

= 0.127

Hence
0., = 82.726°

To determine the critical clearing time we must obtain the swing curve of 6
versus t for this example. In Sec. 14.9 we shall discuss one method of com-

puting such swing curves.

148 MULTIMACHINE STABILITY STUDIES:
CLASSICAL REPRESENTATION

The equal area criterion cannot be used direetly in systems where three or more
machines are represented. Although the physical phenomena observed in the
two-machine problems basically reflect that of the multimachine case, nonethe-
less, the complexity of the numerical computations increases with the number of
machines considered in a transient stability study. When a multimachine system
operates under electromechanical transient conditions, intermaching gscillations
occur between the machines through the medium of the transmission system
which connects them. If any one machine could be considered to act alone as the
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) before a three phase short circuit fault occurs in the system. 

The mechanical power is Pm=1.1pu, Eq’=1.1pu and the per unit inertia constant H=10 MJ/MVA. Figure 1 shows the power angle characteristics before, during and after the fault with all values in pu:
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Compute:

a) The steady-state power angle 
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δ

. 

b) The maximum power angle 
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δ

. 

c) The critical clearing angle 
[image: image5.wmf]cr

δ

. 

d) Compute the critical clearing time 
[image: image6.wmf]cr

t

 (in sec). 

e) If the clearance time can be reduced to 120msec, what is the maximum power that this machine can deliver while remaining stable? 

[image: image7]
Figure 1. The power angle characteristics before, during and after the fault for Question 1 with all values in pu. 

Problem 2:

A salient pole synchronous motor is connected to an infinite bus over a short feeder whose impedance is purely reactive. The power-angle curve for transient condition is P’(δ’) = 1.3 sin δ’ + 0.2 sin 2δ’ where the amplitudes are in pu on the machine rated base values. With the motor operating initially unloaded, a shaft load of 0.70 pu is suddenly applied.

a) Compute the operating torque angle [image: image9.png]


 

b) Assume [image: image11.png]


 = 25 degrees and computer areas A1 and A2. 
c) Compute the maximum torque angle [image: image13.png]


 that the motor can operate and remain in synchronism with the infinite bus.
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