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ABSTRACT

Service restoration of non-faulted out of service area after any
fault is required to be performed as efficiently and quickly as possible.
The restoration problem can be divided into two stages; firstly estimating
system loads prior to fault and secondly devising a load restoration plan

based upon estimated loads.

In this research, two artificial intelligence techniques Fuzzy Logic
(FL) and Expert Systems (ES), are applied to solve the two stages of

service restoration problem.

In order to restore efficiently the out of service area, knowledge
of the system loads prior to fault occurrence is very important. The
research addresses the problem of load estimation for restoration of
distribution systems using a fuzzy reasoning approach. The approach
depends on studying historical data for various load categories, then
processing this data to obtain a fuzzy model for each load category, This
model utilizes the knowledge of date and time of the fault to obtain the
load expressed as percentage value of peak load. Knowing the main
feeder current and the load categories connected to each transformer
across the feeder, the value of the load at each load point is calculated.

This approach is developed using Matlab.

The objectives for the restoration plan are selected so as to cope
with the nature of the Egyptian distribution networks which have two

principal features: they have open loop architecture and they are located
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in crowded areas. Hence, a principal objective of the developed
restoration plan is to minimize the number of switching operations
without violating load constraints in all elements of the network while

conserving the open loop structure of the network.

To achieve these requirements an ES, which contains the
available system knowledge and operators' expertise is developed. The
main idea of the proposed approach is to restore the out of service area
on three successive stages. Firstly, the restoration using one feeder 18
attempted, involving a sin:gle switching operation. 1f any load violation is
obtained, the restoration using two feeders is then attempted through
three switching operations. If no available solution is obtained, the
restoration using three feeders is applied through five switching

operations.

The ES, which is developed using PROLOG, is investigated
through a test distribution system. The results show that the proposed
technique provides a valuable solution for distribution system service

restoration.

The integrated approach is tested using data obtained from Cairo
Distribution Company. Initially, load estimation using FL is performed.
The estimated loads obtained from the fuzzy model are compared to that
estimated using conventional approach. The comparison is in faith of the
fuzzy load estimation. Afterwards, the developed ES is applied using the
previously estimated loads t0 obtain an appropriate restoration plan. A
successful service restoration is obtained in all case studies while
minimizing number of switching operations and without any violation in

loading constraints.
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