7th IET Professional
Development Course on Railway

Electrification Infrastructure and
Systems (REIS 2015)

IET Seminar Digests 2015/15676

London, United Kingdom
8 — 11 June 2015

ISBN: 978-1-5108-4527-5



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

.com

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (2015) by the Institution of Engineering and Technology
All rights reserved.

Printed by Curran Associates, Inc. (2017)

For permission requests, please contact the Institution of Engineering and Technology
at the address below.

Institution of Engineering and Technology
P. O. Box 96

Stevenage, Hertfordshire

U.K. SG12SD

Phone: 01-441-438-767-328-328
Fax: 01-441-438-767-328-375

www.theiet.org

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax:  845-758-2633

Email: curran@proceedings.com
Web:  www.proceedings.com



TABLE OF CONTENTS

OVERVIEW OF ELECTRIC RAILWAY SYSTEMS ...ttt ettt ta et tae e taesnveebaesnne s 1
F. Schmid, C. J. Goodman, C. Watson

PROJECT ENGINEERING A MAJOR ELECTRIFICATION PROJECT .....coiiiiiiiiee ettt 16
M. I. Sigrist, C. Wilson

DC ELECTRIFICATION ELECTRICAL PROTECTION SYSTEMS. ...ttt 23
T. W. Palfreyman

ELECTRIC CONTACT SYSTEMS - PASSING POWER TO THE TRAINS ..ot 31
S. P. Fielder

AC 25KV 50 HZ ELECTRIFICATION SUPPLY DESIGN......ciiiiiiiiiiie ettt sre e sve e st esva e svaesneesrne s 41
R. D. White

OVERHEAD LINE EQUIPMENT DESIGN AND PANTOGRAPH INTERFACE ........cccooiiiiieee e 85

K. Warburton
RAILWAY ELECTRICAL SYSTEMS INTEGRATION AND ELECTROMAGNETIC

COMPATIBILITY (EMC) ..ttt ettt sttt be st be e st et besbesbe b e e es s a8 e e st e besbesbe e enseseeneabeebeabenbenbeeensaseaneas 92
L. M. McCormack, P. W. Hooper
INTEGRATION FOR COMPATIBILITY AND NETWORK RAIL'S MANAGEMENT PROCESS ........cccccoou.... 103

M. V. Petkova
COMPATIBILITY BETWEEN RAILWAY ELECTRICAL SYSTEMS - METHODOLOGY AND

EXAMPLES ... oottt e et e e e e bt e e e e hb e e e e be e e et eee e e bt et e e beeeateeeeahreeeabeeeaatteeeabreeeaabeeeanteeeeanes 112
D. N. Bradley

EARTHING DESIGN AND INTEGRATION - PRINCIPLES .......co ottt ettt 124
D. Kelsey, J. Greatbanks, A. Power

DC ELECTRIFICATION SUPPLY SYSTEM DESIGN ......cooiiiiiiiiiiie ettt ettt ettt e staa et setve e anbaeeenns 134
R. D. White

IMPACT AND MANAGEMENT OF STRAY CURRENT ON DC RAIL SYSTEMS .....cccccoiviiiiieesee e 163
D. C. Buxton, I. Cotton, C. A. Charalambous

ELECTRICAL DISTRIBUTION SUPPORT TO STATION AND TUNNEL SERVICES.........ccoooeiiiiiiviieeiieees 172
R. Joachim

ELECTRIFICATION SYSTEM TESTING..... .ottt ettt e et e e et e e e eaa e e e sate e e e saaeeesbaeeeasteaeannes 179
R.C. 1. Eng

SUSTAINABLE TRACTION DRIVES. .......co oottt ettt ettt ettt et e e st e e e st e e e bt e e e e baa e e sabeeeenbaeeennneeas 190
S. Hillmansen

APPLICATION OF THE SMART GRID TO RAILWAY TRACTION SYSTEMS .........cooiiiiiee e 201
T. W. Palfreyman

DESIGNING REVERSIBLE SUBSTATIONS USING INVERTERS ...t 207

A.J. Gray, D. Stinton
Author Index





