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ABSTRACT

Distribution networks (DNs) are being operated closer to the voltage stability boundaries due to the
exponentially increasing power demand. This paper presents a sensitivity based load shedding strategy for
averting the occurrence of voltage instability in DNs. This method identifies the most sensitive node through
evaluating the sensitivity between the voltage stability and real power demand at each node and performs load
shedding at the chosen node; and repeats this process till the network enters the stable region. The method
improves the bus voltage profile besides avoiding voltage collapse. The simulation results on two test systems

emphasize its applicability on networks of any size.

Keywords- distribution networks, voltage stability, voltage collapse, load shedding.

INTRODUCTION

The present day distribution networks (DNs) are
more heavily loaded than ever before to meet the
exponentially-increasing power demand, thereby
operating closer to voltage stability (VS)
boundaries. In certain industrial areas, it is observed
that under certain critical loading conditions, the
distribution network suffers from voltage collapse
[ Voltage collapse is characterized by a slow
variation in system operating point due to increase
in the loads in such a way that the voltage
magnitude gradually decreases until a sharp
accelerated change occurs . In recent years,
voltage stability of distribution systems have thus
received great attention for both analysis and
enhancement of operating conditions; and several
methods that includes various indices have been
suggested for assessing the VS 19,

However, when the network is operating closer to
voltage instability, the prime goal is prevention of
voltage collapse. If the network still remains nearer
to voltage instability region even after initiating the
measures such as network reconfiguration,
switching capacitor banks and running distribution
generation (DG) units, the load curtailment at some
weak buses is the only avenue for avoiding voltage
collapse. Though extensive research is in vogue for
load shedding of transmission networks, B4
relatively a little work is reported for load shedding
of DNs to avoid voltage collapse 7.

A new strategy involving sensitivity factors for
identifying the appropriate nodes for load shedding
with a view of avoiding voltage instability in DNs
has been proposed in this paper. The proposed
strategy (PS) has been applied on two DNs and the
results have been presented.
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PROPOSED STRATEGY

The PS aims to find the appropriate node locations
for load shedding with a view to avoid VC in DNs.
It is based on the VSI suggested in [8] for assessing
the operating condition of the DN and identifying
the most appropriate nodes for load shedding. The
VS|, which varies between unity at no load and zero
at VC point, for feeder/node-m of Fig. 1 can be
written as

VI, = Vk4 - 4{Pkm Xin — Qi }2 - 4{Pkm T + Qi Xim }sz (1)
Where

Vv, . voltage magnitude at node-m

VSl . VSI at node-m

r.. + jX., . resistance and reactance of feeder-m

P., + iQ.,: real and reactive powers at the receiving

end of feeder-m
P_. +JQ_, :real and reactive power load at node-m

Eg. (1) may be written in terms of real powers by
replacing Q,, by P, tan®,, as,

VSIm :Vk4 _4{Pkm Xim ~ T I:)km l:a'n(ka }2 (2)
_4{Pkm lin + X P tAND }sz

k m :
| m Pym + J;ka | J

| Fim + J Xim I l
PLj+j Quj

PL-m +j QL-m

Fig. 1 Sample Distribution Feeder

The sensitivity between the VS and power flow
through feeder-m can be written by

g _ASI, _owl,
" AP, oP,

km km

4{ 2P, (X = T tan®, . )? (3)
FV2(h, + Xy, tan(l)km)}
Where

S, : sensitivity factor relating the VS of feeder-m to
the

power flow through feeder-m.

AVSI,, : change in VSI

AP,, :Changein P,
®,, . power factor angle of the power at the

receiving end

of feeder-m

If the current operating point is nearer to voltage
instability point, the load at the node possessing the
largest sensitivity factor (s,) should be shed. This

shedding would improve the VS of the network. If
the network still remains nearer to the voltage
instability point, the sensitivity factors are again
calculated after carrying out the load flow and the
load should be shed at the node possessing largest
sensitivity factor. This process is repeated till the
network enter the secure region. The algorithmic
steps are outlined below:

Read the distribution network data.

Run distribution power flow.

Compute the VSI at all the nodes using Eq. (1) and
find the lowest VVSI (vsI-°") in the network.

Check whether the network is away from the
instability point by comparing the VvsI*®" with a
threshold value (VvsI™ ). If wSI*® >wsIT | the
network is secure and go to step (7); else go to next
step.

Evaluate the sensitivity factors for all the nodes
using Eqg. (3) and choose the node possessing the
largest sensitivity factor.

Shed the load at the chosen node possessing largest
sensitivity factor and go to step (2).

The network is stable in respect of VS. Print the
results.

Stop.

km
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Table. 1 Results of Load Shedding Strategy for 33 node Network

. Before Load Shedding | After Load Shedding
Load Factor | Nodes for Load Shedding VS| Lo VM Lo S| LW VM Lo
1.00 0.6672 0.9038 0.6672 0.9038
1.10 20,8 0.6363 0.8931 0.6632 0.9024
1.20 20,8,28,13 0.6058 0.8822 0.6570 0.9003
1.30 20,8,28,13,17 0.5758 0.8711 0.6546 0.8995
1.40 20,8,28,13,17,29,6,31 0.5463 0.8597 0.6594 0.9011
1.50 20,8,28,13,17,29,6,31,9,10 0.5172 0.8480 0.6640 0.9027
1.60 20,8,28,13,17,29,6,31,24,9,10 0.4885 0.8360 0.6535 0.8991
1.70 20,8,28,13,17,29,6,24,31,9,10,25,22,18 0.4603 0.8237 0.6823 0.9089
1.80 20,8,28,13,17,29,6,24,25,31,9,10,22,18 0.4325 0.8110 0.6647 0.9029
1.90 20,8,28,13,17,29,6,24,25,31,9,10,22,18,30 0.4052 0.7979 0.7222 0.9219
2.00 20,8,28,13,17,29,6,24,25,9,10,31,22,18,30 0.3784 0.7843 0.7084 0.9174
2.10 20,8,28,13,17,29,6,24,25,9,10,31,22,18,30 0.3520 0.7702 0.6947 0.9130
2.20 20,8,28,13,17,29,6,24,25,22,9,10,31,18,30 0.3260 0.7556 0.6811 0.9085
2.30 20,8,28,13,17,6,29,24,25,22,9,10,31,18,30 0.3005 0.7404 0.6675 0.9039
2.40 20,8,28,13,17,6,29,24,25,22,9,10,31,18,30 0.2754 0.7244 0.6541 0.8993
2.50 20,8,28,13,17,6,29,24,25,22,9,10,31,30,18,16 0.2508 0.7077 0.6821 0.9088

Table. 2 Results of Load Shedding Strategy for 69 node Network

. Before Load Shedding | After Load Shedding
Load Factor | Nodes for Load Shedding S| oW VM oV VS| oW VM LoV
1.00 0.6833 0.9092 0.6833 0.9092
1.10 0.6534 0.8991 0.6534 0.8991
1.20 34,35,57,41,15,14,13,65,33,10,68,58,25,12,49,64 0.6238 0.8887 0.6967 0.9136
1.30 34,35,57,41,15,14,13,65,33,10,68,58,25,12,49,64 0.5945 0.8781 0.6727 0.9056
1.40 34,35,57,41,15,14,13,65,33,10,68,25,58,12,49,64,61 0.5656 0.8672 0.8654 0.9645
1.50 34,35,57,41,15,14,13,65,33,10,68,25,58,12,49,64,61 0.5369 0.8560 0.8560 0.9619
1.60 34,35,57,41,15,14,13,33,65,10,68,25,49,12,58,64,42,61 0.5086 0.8445 0.8467 0.9592
1.70 34,35,57,41,15,14,13,33,65,10,68,49,25,12,58,64,42,61 0.4805 0.8326 0.8374 0.9566
1.80 34,35,57,41,15,14,13,33,65,10,68,49,25,12,58,64,42,61 0.4528 0.8203 0.8281 0.9539
1.90 34,35,57,41,15,14,13,33,65,10,68,49,25,12,58,64,42,61 0.4254 0.8076 0.8189 0.9513
2.00 34,35,57,41,15,14,13,33,10,65,68,49,12,25,58,64,42,61 0.3983 0.7944 0.8097 0.9486
2.10 34,35,57,41,14,15,13,33,10,65,49,68,12,25,58,64,42,61 0.3713 0.7806 0.8005 0.9459
2.20 34,35,57,41,13,14,15,33,10,65,49,68,12,25,58,64,42,7,61 0.3447 0.7663 0.7935 0.9438
2.30 34,35,57,41,13,14,15,33,10,65,49,68,12,25,58,64,42,7,6,61 0.3184 0.7512 0.7846 0.9411
2.40 34,35,57,41,13,14,15,33,10,49,65,68,12,25,58,64,42,7,6,61 0.2921 0.7352 0.7756 0.9384
2.50 34,35,57,41,33,13,14,15,10,49,68,65,12,25,58,42,64,7,6,61 0.2661 0.7183 0.7666 0.9357

SIMULATION RESULTS

The PS has been tested on 33- and 69-node DNs.
The line and load data for these two networks are
taken from the references M8 9 The power flow
suggested in % is used in this study. The
performance of the PS at different load levels has
been studied through multiplying the active and
reactive load powers at all nodes by a load factor
that is varied in steps in the range of (1-2.5). The
threshold value for VSI is taken as 0.65 for both the
networks, which depends on the network
configuration and the operating state. If this value is
fixed too high, it does not guarantee that the

network will be operated in a stable state. If this
value is fixed too low, the loads to be shed will be
too excessive.

The chosen nodes for load shedding by the PS for
33- and 69-node systems with different load factors
are given in Table 1 and 2 respectively. The lowest
value of VM (W "*") seen in the network and
vsI =" before and after load shedding are also gi-
ven in these tables for both the networks. Analysing
these results, it is very clear that the PS improves
the system voltage profile and brings the system far
away from the region of voltage instability after
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load shedding. This method is suitable for DN of
any size and for practical implementations.

CONCLUSIONS

A simple load shedding strategy for avoiding
voltage instability has been suggested. This
approach has been developed to identify the most
sensitive node for load shedding. The results on 33-
and 69- node DNs have clearly indicated that the PS
improves voltage profile in addition to avoiding
voltage instability. It also indicates that this method
will be ideally suitable for practical implementation
on networks of any size.

ACKNOWLEDGEMENT

The authors gratefully acknowledge the authorities
of Annamalai University and llahia School of
Science and Technology for the facilities offered to
carry out this work.

REFERENCES

1. Prada R.B and Souza L.J, "Voltage stability
and thermal limit: constraints on the
maximum loading of electrical energy
distribution feeders,"” IEE Proc. Gen. Trans
and Dist., vol.145. no.5, pp. 573-77, 1998.

2. Taylor. C.W. "Power System Voltage
Stability,” McGraw-Hill, Inc. 1994.

3. AK. Sinha and D. Hazarika, "A
comparative study of voltage stability
indices in a power system," Electrical
Power and Energy Systems, vol. 22, no. 1,
pp. 589-596, 2000.

4. Bedoya. D.B, Castro. C.A and Da Silva.
L.C.P, "A method for computing minimum
voltage stability margins of power systems,”
IET Gener. Transm. Distrib., vol. 2, no. 5,
pp. 676-689, 2008.

5. Berizzi. A, Bovo. C, Crio. D, Delfanti. M,
Merlo. M and Pozzi. M, "Online fuzzy
voltage collapse risk quantification,” Electric
Power System Research, vol. 79 , no.5, pp.
740-749, 2009.

6. Wang. Y, Wenyuan Li and Jiping Lu, "A
new node voltage stability index based on

10.

11.

12.

13.

14.

15.

local voltage phasors,” Electric Power
System Research, vol. 79, no. 1, pp. 265-
271, 20009.

M. Chakravorty and D. Das, “Voltage
stability analysis of radial distribution
networks,”  International  Journal  of
Electrical Power and Energy Systems, vol.
23, no. 2, pp. 129-135, 2001.

Hsu. C-T, Kang. M-S and Chen. C-S,
"Design of adaptive load shedding by
artificial neural networks," IEE Proc. Gener.
Transm. Distrib, vol. 152, no. 3, pp. 823-
828, 2005.

Dong Mingchui, Lou Chinwang and Wong
Chikong, "Adaptive under-frequency load
shedding," Tsinghua Science and Techno-
logy, vol. 13, no. 6, pp. 823-828, 2008.
Arya. L.D, Pande. V.S and Kothari. D.P, "A
technique for load-shedding based on
voltage stability consideration,” Electrical
Power and Energy Systems, vol. 27, no. 7,
pp. 506-517, 2005.

Echavarren. F.M, Lobato. E and Rouco. L,
"A corrective load shedding scheme to
mitigate voltage collapse,” Electrical Power
and Energy Systems, vol. 28, no. 1, pp. 58-
64, 2006.

Bogdan Otomega, Mevludin Glavic and
Thierry  Van  Custem,  "Distributed
undervoltage load shedding,” IEEE Trans.
on Power Systems, vol. 22, no. 4, pp. 2283-
2285, 2007.

Sadati. N, Amraee. T and Ranjbar. A.M, "A
global particle swarm-based simulated
annealing optimization technique for under-
voltage load shedding problem,” Applied
Soft Computing, vol. 9, no. 2, pp. 652-657,
2009.

J. Sasikala and M. Ramaswamy, “Fuzzy
based load shedding strategies for avoiding
voltage collapse,” Applied Soft Computing,
vol. 11, pp. 3179-3185, 2011.

G. Mohan and P. Aravindhababu, "Load
shedding algorithm for avoiding voltage
collapse in distribution systems,"” Journal of

T. K. Abhiraj et al

www.ijetst.in

Page 5059




Electrical Engineering, ISSN 1582-4594,
vol. 10, no. 1. 2010.

16. G. Mohan and P. Aravindhababu, "Load
shedding algorithm for avoiding voltage
instability  in  distribution  systems,"
International Journal of Power Engineering
and Green technology, ISSN:0976-6286,
vol. 1, no. 1, pp. 39-45, 2010.

17.M. Arun and P. Aravindhababu, "Load
shedding algorithm for avoiding voltage
collapse in distribution systems,” ISSN:
0975-2978, International  Journal  of
Integrated Energy Systems, vol. 3, no. 1, pp.
57-63, 2011.

18.Baran. M and Wu. F, "Network
reconfiguration in distribution systems for
loss reduction and load balancing,” IEEE
Trans on Power Delivery, vol. 4, no. 2, pp.
1401-7, 19809.

19. Kashem M, Ganapathy V and Jasmon G, "A
geometrical  approach  for  network
reconfiguration based loss minimization in
distribution systems,” Int. J Elect Power
Energy Syst., vol. 23, no.4, pp. 295-304,
2001.

20. Aravindhababu. P, Ganapathy. S and Nayar
KR, "A novel technique for the analysis of
radial distribution systems," International
Journal of Electric Power and Energy
Systems, vol. 23, no. 3, pp.167-71, 2001.

T. K. Abhiraj et al www.ijetst.in Page 5060




