AIN SHAMS UNIVERSITY
FACULTY OF ENGINEERING
ELECTRICAL POWER AND MACHINES DEPT.

Study on Electrical Characteristics for
High Voltage Insulators Polymer Composite
using Hybrid Fillers

A Thesis
Submitted in partial fulfillment of the requirement for the
Degree of Doctor of Philosophy in Electrical Engineering

By
Mohamed Farouk Abdel-Karim Mohamed

B. Sc. Electrical Engineering, Ain Shams University, 2001
M. Sc. Electrical Engineering, Ain Shams University, 2008

Supervised By

Prof. Dr. Abdel-Mohymen Mohamed Soliman

Electrical Power & Machines Dept.
Faculty of Engineering
Ain Shams University

Prof. Dr. Salem Mahmoud EIKhodary Prof. Dr. Loai Saad EI-Deen Nasrat

Electrical Power & Machines Dept. Electrical Power & Machines Dept.
Faculty of Engineering Faculty of Engineering
Ain Shams University Aswan University
Prof. Dr. Samia Habib Mansour Dr. Amr Mohamed Ibrahim Hassan
Polymers & Pigments Dept. Electrical Power & Machines Dept.
National Research Center Faculty of Engineering

Ain Shams University

Cairo — 2015



Ain Shames University — Faculty of Engineering
Electrical power and Machines Dept.

Approval sheet

Student Name: Mohamed Farouk Abdel-Karim Mohamed

Thesis Title: Study on Electrical Characteristics for High Voltage
Insulators Polymer Composite using Hybrid Fillers

Degree Name: Ph. D of Science in Electrical Engineering

Supervised by

Prof. Dr. Abdel-Mohymen Mohamed Soliman Electrical Power & Machines Dept.
Faculty of Eng., Ain Shams University

Prof. Dr. Salem Mahmoud Elkhodary Electrical Power & Machines Dept.
Faculty of Eng., Ain Shams University

Prof. Dr. Loai Saad El-Deen Nasrat Electrical Power & Machines Dept.
Faculty of Eng., Aswan University

Prof. Dr. Samia Habib Mansour Polymers & Pigments Dept.
National Research Center

Dr. Amr Mohamed Ibrahim Hassan Electrical Power & Machines Dept.
Faculty of Eng., Ain Shams University

Examiners Committee: signature

Prof, Dr. Mazen M. Abdel-Salam 7@\3 ,QL ’gald Am

Electrical Engineering Dept., Faculty of Engineering, Assiut University

Prof. Dr. Soliman Mohamed El-Debeiky /Qf [ Qe LM /ﬂ )

Electrical Power & Machines Dept., Faculty of Engineering, Ain Sh

Prof. Dr. Salem Mahmoud Elkhodary
Electrical Power & Machines Dept., Faculty of Engmeermg, Ain Sham

Prof. Dr. Loai Saad El—Deen Nasrat
Electrical Power & Machines Dept., Faculty of Engineering, Aswan University

Graduate studies

Date: 31/12/2015
Thesis Approval date: / /2016
Faculty Approval date: / /2016
University Approval date: / /2016



STATEMENT

This dissertation is submitted to Ain Shams University for
the degree of PHD in Electrical Engineering.

The work included in this thesis was carried out by the
author. No part of this thesis has been submitted for a degree or a
qualification.

Name: Mohamed Farouk Abdel-Karim Mohamed
Signature:

Date: [/ /2015



ACKNOWLEDGEMENT

| have the great faith to express my deepest gratitude and
sincerest thanks to Prof. Dr. Abdel-Mohymen M. Soliman at
Electrical power & Machines Department, Faculty of Engineering,
Ain Shams University, for his kind supervision, guidance and
continuous encouragement.

| have the great honor to express my gratitude and thanks to
Prof. Dr. Salem Mahmoud EIKhodary at Electrical power &
Machines Department, Faculty of Engineering, Ain Shams
University, for his helpful and fruitful discussions in the
preparation of this thesis.

I would thank Prof. Dr. Loai S. Nasrat, Chairman of the
Electrical power Department, Faculty of Engineering, Aswan
University, for his guidance and unfailing discussions and for
every good help until the thesis has been developed.

| feel deeply thankful to Prof. Dr. Samia H. Mansour, for
her useful suggestions and for her supervision in chemical
preparations which were carried out in the laboratory of Polymers
and Pigments-National Research Center.

| offer the respect to Dr. Amr Mohamed Ibrahim Hassan,
for his useful suggestions and advices, and for his supervision in
the suggested model which was carried out by software.

Finally, I owe a greate part of research study to the High
Voltage Laboratory Staff in the Electrical Department at Ain
Shams University and New Cairo Academy, and to all those who
assisted me in the accomplishment of this work.



ABSTRACT

The rubber and epoxy are polymeric materials widely-used
as insulating materials for many reasons such as; economy,
strength and ease fabrication to good tolerance. As a result of the
development which has taken place recently; these materials can
be produced with various designs and shapes for outdoor
applications with suitable electrical and mechanical properties
according to their intended purpose.

Composite material has electrical properties such as
dielectric strength and electric resistivity which are measured by
different tests and compared with different composite materials
according to the added filler. The (Micro — Nano — hybrid) filler is
inserted in manufacturing the composite material to improve its
electrical and mechanical properties.

Epoxy composites are one of the polymeric composite
insulators which are used in outdoor insulation. In order to study
the electrical behavior of epoxy composites as outdoor
applications insulators for overhead transmission lines at different
conditions, inorganic fillers such as titanium dioxide and silica
with different sizes are inserted into the epoxy to modify its
electrical and physical properties in addition to maximize surface
flashover voltage and decrease tracking phenomena at dry and
contaminated weather conditions. Surface flashover voltage for
composite insulators is calculated using neural-network based on
mathematical model at any weather condition.

The objective of this research is to study -electrical
properties of epoxy composites for overhead transmission lines
under contaminated weather conditions. The composites include
inorganic filler of different types, sizes and concentrations. It is
used as insulators. This is aimed at selecting the suitable polymer
composite insulator which achieves the maximum surface
flashover voltage.

Finally the main salient points of the chosen polymeric
insulator for this work have been summarized and presented.
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