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Abstract

In this paper a novel technique for handl
ated with load shedding strategy is stud

performed in two steps : ':

l. A steady state solution for the load
an optimization technique. |
2. The transient stability assocaaggg
studied knowing the amount of load to b
transient stability each synchronc

dynamic equations.

This novel technique is applied ﬁﬂ :
, : 5
Study has revealed that beside the
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1. Introduction

With present time interconnected power sy:
which would result in the isolation of a p
of load on it. A declining frequency situ
that part. Load shedding provides the
decline after all available generation
centages of the loads are dropped in succ
frequency, until conditions become favaq
to return back to normal ’2. If such proc
a steady state, at normal frequency, w

loads.

The problem of optimal load shedding is
ing such steady state which guaranteeg‘ﬁé}f
same time, that steady state must be f
ational constraints are violated. This e
load schedule obtained. The problem
system optimization problem to which

techniques may be applied.

Many papers have been directed to

However, all these papers have studi

consideration to the arising problem of

In this paper the transient stablit
shedding strategy is studied. The a
and 12-bus system, and the results
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2. Problem Formulation

2.1 Optimal Load Shedding Problem

Consider a system of N busses with

generator busses. Then the problem igilz
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C. & Di are active & reactive d

respectively

are the minimum real & reac

respectively

Q™ & Q" are the minimum & maximum

bus i respectively

- & V. are the minimum & maxim

]
bus i load or generato

The solution of this problem has been de

2.2 Stability Consideration

In transient stability studies, a sy
a voltage source in back of tran&i&}:v”
for a synchronous machine, two f:
solved to obtain the change in the
speed w, Thus for a system with quﬁ>
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4./dt = w, - 27f 8)
1 1 .‘
= nf - 4
do, /dt = (P, = Py) 9)
1

were f is the system frequency, 'Hi i
power and Pei is the electrical air gap |
To calculate Pei’ from the representation .

chronous machine we find

Ly 7 By T EXG
) s El +* 1)
s 7 3% 7 Lo (‘ i) f
L
0 0 0
/’i\‘
! E’
Tl T

Figure(1l): Simplified
machine fa%

The solution of the load shedding

1. Load flow analysis is used to ol dis-

turbance. From this analysis }‘"

then calculated from :

are

. Ry q ..
Toi = By 5@ B ol

E; = By S 13
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where Pi & Qi are the real and reactive y
Simulate the system disturbance. In our ‘
at the faulty generator busses are reduce

the remaining busses. Then applying the op
described in section 2.1 to get the new

at the different load busses, and ve}@x‘

for all busses.

Calculate the post disturbance int
steady state conditions obtained frymwff,
ation control should be applied as'éf‘l‘
The different loads are representeﬂh'
ground as shown in figure(2) from tbﬁ
1*}

P, -3Q_ /E

po Lp ~ T¥Lp p :
Ipo / Ep

I

Y
po

where PLp & QLp are the scheduled Tf;‘

voltage.

(a)

a: Constant Power
b: Admittance to grc



optimal Load Shedding So

Now, our strategy is to completely

determined from step 2 in steps
any machine frequency does not exc
i,e. at any step of shedding. To ki
each step equations (8) & (9) ha
derivatives. Then modified Euler
applied with a time increment At.
solution has to be carried out fo
the machine transient reactances

respective admittances to ground.

5. At the end of each numerical in
all machines speeds. If the speed
a load shedding is carried out w3
20% of the total load to be shed
stop if the speed goes above the
speed drop below the 49.5Hz 1li
shed any speed still less th§¥f
i

system is unstable.

3. Faciter Effect

It is a well known fact that excite
the stability of synchronous mach
action is to control the excitati
to reach the power balance betweer
system during the fault. One can
a similar manner, After each load she
the system reduces. This can be

fault on the system. Hence, the
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load shedding process arises. In the followi
system is assumed to act on each machine h
After each load shedding step the internal

bv a percentage equal to the percentage of the

4. Applications

A: 5-Bus System

The power system shown in figure(3) is
mission line impedances in per unit on a
The scheduled generation and loads and asst
given in Table(2). The inertia constant
tances at busses 4 & 5 in per unit are g
(s

.S @,

s
']

Figure(3): 5-Bt
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Table(1l): Transmission Line Impedances
Bus Code

a~q Impedance

1-2 0.001 % 0,08
1-4 0.08 + J0,24
1-5 0.06 + jO.18
2-3 0,08 '+ 0,2&
2-5 0.06 + jO.18
3-5 0.04 + j0,12
4=5 0.02 + jO,08

Table(2): Scheduled Generation And Loads

Bus Code Assumed Bus Genera
P Voltage P
1 1.0 +40,0 0.0
2 1,0 + 90,0 0.0
3 1,0 + JO.0 0.0
4 1.06+ j0.0 H(u:
5 1.05+ j0.0 ?

T
I
Table(3): Inertia Constants And Direct*&;:i

Bus Code Inertia Constant
P H
4 50.0
5 1.0

Table(4) shows the state prior the and
lower limits of the different ine sed
to obtain that state, with genera%ﬁgk'ﬁ’ or.

axes of

This is followed by a rotation of%?ss
load bus 3, the would be referan§54;
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Table(4): System Pre-Emergency State

BuspCode Vmin \% Vmax 8 Pmin
1 0.9 1.01159 1.05 1,232 0,0
2 0.9 1.00786 1.05 0.805 0.0
3 0.9 0.99635 1.05 0.0 0.0
4 1.0 1.06 1.1 6.237 0.2
5 1.0 1.05 1.1 4,437 0.2

bus 5 from 1.0 p.u. to 0.3 p.u. Optimal 1
priorities are equal for all loads. Table(5)

case.

Table(5): Optimal Solution, k.=k.=k,= 1

A _

Bus Code . ; Cmin c C* j
P : =

1 1.01674 0.989 0.0 0.3306 0.5

2 1.01396 0.658 0.0 0.4015 0.6

3 1.00567 0.0 0.0 0.5346 0.8

4 1.05289 4,989 ¥

5 1.04010 2,902 i

To study the transient response associated

the following load shedding parameters ﬂh@ﬂw

1. Relay set point, i.e. the frequency at
case will be chosen as 49.5Hz.

2. Step size, i.e. the amount of load to !
tage of the total amount be to she
optimal load shedding problem describ
total amount to be shed is 0.6333 p.u. .

step size will be chosen as 50%.
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Optimal Load Shedding Sol

o. Number of steps. In our case will be ch%
4, Time delay between each shedding step. In o 1] TS n to be

0.02 second. :E ‘
i
H

Table(6) shows shedding steps and their re

the amount of load to be shed at each stegl|
i

il

Table(6): Shedding Process For The 5-Bus ¢

Step Number Respective Time For Shedd

1 0.04 sec
2 0.06 sec

Figure(4) shows the transient responaejhﬁ»d
phase angle and the speed deviation fi

for machines connected to busses 4 & 5. .%{

Note: Speed Deviation = Speed - Rated f&‘L-"

B: 12-Bus System

The power system shown in figure(5) is

7,8 & 9 give the required data in per !

Table(7): Transmission Line Impedances An
Bus Code

p-q Impedance

1= 0.06701+3j0.17103
=11 0.04699+j0,19797
2=3 0.01335+0.04211
3 * 0.00000+j0.55618
2-11 0.05811+j0.17632
3-10% 0.00000+30.25202
3-11 0.05695+j0.17388

s e o 0 e e LR TR R A IR ORT B A RO I A SR RS AN B VRO SRR S A
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Continue Table(7)......
3-12 0.05403+j0.22304 0.0246
4-5 0.03181+j0.08450 0.0 i
4-7 0.127114j0.27038 0.0
5-6 0.08205+j0.19207 0.0
6-10 0.09498+3j0.19890 0.0
7-8 0.17093+;0.34802 0.0
8-9 0.22092+j0.19988 0.0
8-10 0.06615+j0.13027 0.0
9-10 0.12291+j0.25581 0.0
11-12 0.01938+j0.05917 0.0

* Impedance of a transformer

Table(8): Scheduled Generation And Loads And A

"
Bus Code Assumed Bus Generation ‘L

D Voltage P Q J}'
1 1.0 + 30.0 0.0 0.0
2 1.0 + jO.0 0.0 0,0
3 1,0 + j0.0 0.0 )

4 1.0 + jO.0 0.0

5 1.0 + jO.0 0,0

6 1.0 + JO.0O 0.0

7 1,0+# 0.0 0.0

8 1% 02050 0.0

9 1.0 + 500 0.0
10 1.07+ 0.0 0.0
11 1.045+ jO.0 0.4
12 1.06+ jO.0 ?

Bus Code Inertia Constant
P H
10 025
11 2,00
12 20.00
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Transient Response For 5-Bus System

Figure(4):

January 1990
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St |8

lable(10) shows the state prior the emergency
}' % ‘

a2 reduction in the available real generatio at I . | “@E to

1.5 p.u. Optimal load shedding is obtained

all loads. Table(1l1l) shows the solution for

Table(10): System Pre—~Emergency State

BuspCode Viin v Vmax K Pmin
1 0.9 0.98074 1.05 4,803 0.0
2 0.9 1.00568 1.05 ®.943 0.0
3 0.9 1.,01398 1.05 7.879 0.4
4 0.9 1.00575 1.05 -1.533 0.0
5 0.9 1.00458 1.05 -1.535 0.0
6 0.9 1.02040 1.05 -0.832 0.0
7 0.9 1.01137 1.05 -1.090 0.0
8 0.9 1.04470 1.05 -0.063 0.0
9 0.9 1.05244 1.05 0.000 0.0

10 1.0 1.07000 1.10 0.897 0.0
11 1.0 1.04500 1.10 12.385 0.1
12 1.0 1,06000 1.10 16.975 0.5

|

Table(11): Optimal Solution, k,=k.,=k.=k, =k,

1 U288 e
tus Code v 8 g @ '
) min i
1 0.9796z2 3.734 0.0 0.68504
2 1.00002 " 5.191""0.0 0,34997
3 1.00656 5.864 0,0 0,2180%
4 1.02048 -1.178 0,0 0.21780
5 1.01843 -1,171 0.0 0,06639
6 1.02717  =0,635 0,0 0O,10868
7 1.02198 " -0,837 0,0 0,086%8
8 1.04287 -0,056 0,0 0,10205
9 1.04801 0.000 0.0 0.04663
10 1.06071 0.686
11 1.01990 9.509
12 1 .03609% {27 B
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transient response are as follows :

1. Relay set point = 49,5Hz
2. Step size = 5%
3. Number of steps = 20

4, Time delay between shedding steps = 0.02 se

Table(12): Shedding Process For The 12-Bus S
Step Number Respective Time For Shedding
1 0.62 sec
2 0.64 sec
3 0.66 sec
4 0.68 sec
d 0.70 sec
6 0.72 sec
7 0.74 sec
8 0.76 sec
9 0.78 sec
10 0.80 sec
11 0.82 sec
12 0.84 sec
13 0.86 sec
14 0.88 sec
15 : 0.90 sec
16 -~ 0.92 sec
17 0.94 sec
18 0.96 sec
19 0.98 sec
20 - 1,00 sec
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5. Conclusions

The transient response associated with the load shedding process has been
studied for two power systems; namely a 5-bus system and a 12-bus system.
The differential equations describing the synchronous machines response
have been solved using modified Euler technique for numerical integration

with time increment At=0.02 second.

Figure(4) shows the transient response for the 5-bus system. From this
response it is clear that the system frequency will settle at a frequency
ranging between 49.5Hz and 49Hz. The transient response shown was obtained
with two shedding steps. If the number of shedding steps are increased to
three, the frequencyv will drop below 49Hz. Also, if the exciter action is
not included the system frequency will drop below 49Hz even if shedding is

carried out in one step.

Figure(6), for the 12-bus system, was obtained with shedding steps equal
twenty steps. If the exciter action was not included the system frequency
will not drop below 49Hz but after dropping all loads to be shed at 1.0 sec

the system frequency will start rising with no limit.

From the previous study two points should be emphasized :

1. The amount of load to be shed should be greater than the amount of load
calculated from the optimal load shedding solution in order to raise the
system frequency to its nominal value. After the system rises above the
nominal value another load restoration process should be incorporated to
reach the nominal value.

2. In order to keep the system stable another action should be considered.
This is the exciter action. The internal emf's for synchronous machines

should be reduced to achieve a stable operation.
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