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Abstract—Based on trajectory information for the electric
power system, this paper analyzes Transient Stability
Prediction and new generation transient stability control of
large power system. This method, which is independent of
system parameter and model, can tell the transient stability of
the electric power system faster and give the control strategy
by the closed-loop control system. Firstly, System instability is
detected by the characteristics concave or convex of the critical
machine trajectory of the post-fault system. Secondly, to
accelerate the speed of recognize the transient stability of the
power system, the self-memory numerical predictive formula
of multi-variables is derived. Thirdly, the control strategy by
the closed-loop control system is given based on transient
kinetic energy, when the power system is unstable.

Keywords—Electric power system; characteristic concave or
convex of surface; Transient instability prediction; Closed-loop
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l. INTRODUCTION

With the rapid development of the modern society, the
scale of the electric power system is becoming larger and
larger. Following a large disturbance, a power system will
recover to a stable state if various effective measures can be
taken in time. But, some of the emergency measures like
generator tripping and controlled system separation should
be exercised only when there is an absolute necessity.
Therefore, a fast and accurate method of distinguishing
between stable and unstable post-fault trajectory is
necessary. When discovering that the electric power system
is unstable, an effective measure is inevitable.

This paper proposes a closed-loop control system using
state-plane plot of speed and power angle to detect the
system instability and transient kinetic energy to obtain the
control strategy. In this paper, the instability detection
method [1][2] cooperating with self-memory numerical
predictive theory [3], detect the system instability. And then,
the control strategy is given based on transient Kinetic
energy, when the power system is unstable. The simulation
studies show that the proposed closed-loop control system
[4] is fast, computationally efficient, and realizable.
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Il.  POWER SYSTEM INSTABILITY DETECTION

A. ldentification theory of transient instability for
autonomous SMIB

For the SMIB system, the equations of
electromechanical transient process are described as
0=0Aw 1)

M Aw =P, —P_siné-DoAw = f(5,Aw)

In stability analysis, second derivative of Aew means

trajectory’s geometric feature, which can be described as
_d*Aw
S de?

The necessary and sufficient condition of transient
instability of power system can be obtained: I-Aw >0, and
the discrete form can be written as:

r=k(@i)—-k(i-1)>0

2
Where,

iy Aol) - 80l -1)
Cs@)-68(3i-1)

The conclusion is proved in [1][2].If the index 7 is
always less than zero, the system will be stable, and the
system will lose synchronization if 7 is larger than zero
immediately or sustain a short time after the fault-clearing
time.

B. Identification theory of transient instability for non-

autonomous SMIB system

The equations of electromechanical transient process for
non-autonomous SMIB system can be described as follows:

d—é‘:a)oAa)
dt
M dﬁ—t“’ P, (1)~ P.(t,5) = AP(t, 5)

@)

Where the right function of motion equation involves the
variable of time, and thus AP(t,5) doesn’t represent a strict



sine curve any more. As a consequence, the index 7 greater
than zero in a certain time can only indicated the instability
of the autonomous system in that parameter condition, but
not the non-autonomous system.
P (tj,0) = 4, (t) — A4 (t;) cos 6 — 4, (tj)sin &
(4)
AP(tj,0) = P.(tj) — 4, (tj) cos 6 — 4, (tj) sin &

To fortify the accuracy of the detection, append two
indexes. One is the feature index u of trajectory in state-
plane of unbalanced power and power angle, and the other is
the assessment ... Of the impact of the parameters time-
varying on unbalanced power [5].

The feature index u of trajectory in state-plane of
unbalanced power and power angle is defined as

u=AP'({)-AP'(i-1)>0 (5)
Where,
APY(i) = AP(i) — AP(i -1)
5(i)-5(-1)

Suppose that unbalanced power can be measured, the
values of time-varying parameters P (t), 4, (t) and 4, (t) can

be identified with least square method based on the
measured trajectory.

=(A"A)"AD

Since unbalanced power is impacted both by Y and §, to
assess only the impact of Y, we should fix () = 5. Thus, (4)
can be written

APﬂ (Y () = P.(t) - A (t)cos g — 4, (1)sin B
At the moment t_;, the unbalanced power with time-
varying parameter Y (t_;) and current s is
AP (Y (t,,)) = AP(Y (t ). B)
Then the assessment of the impact of the parameters
time-varying on unbalanced power is defined as below:
£=AP (Y (1)) - AP (Y(t, ) (6)

Eventually, instability criterion for non-autonomous
SMIB system can be described as:
7>0&u>0&¢-Aw>0

Il.  SMIB EQUIVALENT

A. Divide the power system into two groups

Though the generator swing curves in real time, identify
the absolute dominant mode to divide the power system into
two groups. Calculating the gaps between the adjacent

generator swing curves, choose the first biggest gap o and

the second one 0y .When the gaps satisfy the follow equation,
the first biggest gap is the absolute dominant mode.
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Where, the k may choose 2~5. Therefore, the power
system is reduced to a two-machine system. For transient
stability studies, equations for the power system with m
buses, n generators and other dynamic devices corresponding
to partial center of inertia can be described by detailed
compact model as follow [6] [7]:

71 ; 71 g:
Oecor = 2 M;jd; Bpor = 2. Mjo;
i=1 i=1
M, M, ®)
E‘,
M_ = > M;
T i1 |

Where, M; is inertia constant of machine i under

synchronous frame model. 5; and @, are generator angle

and angular velocity of machine i with respect to a
synchronous frame.
The two-machine system can be described as follow:

{Msgs = Pns — Fes

Mada = Fna — Fea

©)

Where, 5, , o5 are the partial center of angles of the

generators in area A and S, respectively. My, Mg are the
sum of the inertia constant of the generators in area A and S,
respectively.

B. SMIB equivalent

The two-machine system can be reduced to a SMIB
equivalent system, and the equation can be described as
follow:

M =Py - P (10)
Where,
J= §S - 5a
_ MgMg
- Ma+MS
Pm = (Maz Pm| _MS Z ij)/ MT
ieS JeA
Pe = (Maz Pe| —Ms Z Pej)/MT
ieS jeA
M is the sum of the inertia constant of the generators in

the whole system. R, and PR, are the mechanical input

power and electrical output power of SMIB equivalent,
respectively.

IV. SELF-MEMORY NUMERICAL PREDICTIVE FORMULA

Generally, when the detection technique identify that the
system is instability, emergent control is difficult to be
executed in time. To accelerate the detection of the system
instability, predictive formula can be employed based on the
generator swing curves in real time. Self-memory numerical
predictive formula is employed in this paper, and the
function of the third order can be described as follow:



i1 =B 2(8j_ — i1 + 201 HA) + a1
B_1(65_p = 6 + 205 _1 A1) + By (0i_1 + 2e5At) + 5; B
AP 1 =R () + 44 () sin(3; 1) + Ay (1) COS(S5; 1) (12)
1
Aw; g = Ao, + N[AP' +AR 1At (13)

The procedure of the self-memory numerical predictive
formula is described in [3]. Firstly, based on the current data
including the generator angle and angular velocity of SMIB

equivalent, predict the next moment generator angle &;_ 4
employing formula (11). Secondly, based on generator angle

i1 and the least square method, the future unbalanced

power AR,

unbalanced power AP and AP 4 the next angular velocity

can be obtained. Thirdly, according to the

Aw; 4 Can be calculated by formula (13). Thus, the next

moment data can be obtained by rolling prediction
employing the self-memory numerical predictive formula
above.

V. CONTROL STRATEGY

A. The computation of the generator tripping value

As a common sense, the system out of synchronism
means that the angular velocity of the generators is different
from each other. Thus, if the angular velocity of the
generators can be synchronous by employing control strategy,
the power system will recover to a stable state. Suppose that
the difference between the angular velocity of the generators
is the redundant transient kinetic energy which contribute to
the instability, the system can recover stability by employing
control strategy to remove the redundant energy. Through a
mass of simulation, draw the conclusion that the system will
recover stability when the transient Kinetic energy between
center of inertia of the system and critical group of the
generators is removed.

Suppose that the system is identified instability at T, by

the generator swing curves, the transient Kinetic energy
between center of inertia of the system and the generators in

area S at T, is defined as redundant transient kinetic energy.
The redundant energy can be described as:

1 2
EK,e =EMS(a)S,e _a)c0|,e) (14

Where, Ey , is the redundant energy at T, . Mg is the

sum of the inertia constant of the generators in area S. wg 4

and o

col

¢ are the center angular velocity of inertia of the

critical generators and whole system at T, , respectively.
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B. The choice of the control location

To choose the control location, the index Do is defined

as:
Tie = ~i,e "D e (15)
Where, éi,e and @; ¢ are generator angle and angular
velocity of machine i with respect to a synchronous frame at
To . When @j o is greater than zero, the system is likely to
be instability. Thus, the control location is chosen based on
the index Tj o rank ordering. Select the generators that the

index aj o >0 from large to small to compose a control

location set.

The transient Kinetic energy between the generator i in
area S and the center of inertia of the generators in area A is
defined as the effect to the redundant energy in shutting off
this generator.

1 2
Ekie = E Mj(®@j ¢ — @3 ¢) (16)

Where, o o is the angular velocity of machine i in area

S. o, is the center angular velocity of inertia of the
generators in area A.
When the generator tripping value Ey . is calculated,

choose the generators that and the sum of E;  is greater
than and nearest to E, , in the control location set based

on index @; o rank ordering.

VI. SIMULATION RESULT

To verify the proposed method, simulations are
performed using the computer simulation of 36 buses
system with 8 generators (EPRI-36 China). The power
system model is as follows: a classical generator model with
constant mechanical power, and linear load and network
models. The single-line diagram is shown in Fig 1.

{ L);\k

EPRT-36 (China) &1}

Fig 1. Single-line diagram of the EPRI-36 (China)

Three-phase short-circuits happens on bus-33 and the
during-fault time interval of the disturbance is 0.24s.The
generators swing curves are shown in Fig.2, and the critical



group contains G7 and G8.

Fig 2. The swing curves of the generators without control

When the disturbance is eliminated, predictive technique
is activated. The indexes are calculated based on the data
predicted by the technique, which are shown in Fig.3.

Fig 3. The calculated indexes curves

Fig 4. The swing curves of the generators after control

As is shown in Fig.3, the indexes are greater than zero at
0.41s simultaneously based on the data predicted by the
technique. Thus, the time when detective the instability is
0.3s, and the control strategy is started. Though formula
(14), the redundant energy is 1.0(p.u). G7 is chosen by
formula (15) that G7 is 1.0(p.u.) and G8 is 0.4(p.u). Then

calculated the E, by formula (16), and the result is
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1.7(p.u). Thus, the control strategy is obtained that shut off
60% of G7. Suppose that the strategy is employed at 0.4s
and the swing curves after control are shown in Fig.4. The
system recovers to a stable state after the control.

VIL.

In conclusion, the detective technique can identify the
instability accurately and quickly. The detective technique
cooperating with the predicting data can provide more time
for control strategy. Based on the redundant kinetic energy,
the system can return to stability. Thus, the Closed-loop
control system is viable and effective.

CONCLUSION
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