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Foreword The publication of "Fahrleitungen elektrischer Balmen" in English gives the international railway engineering community access to a work which, since its first edition in 1997, has achieved the status of a standard reference in German-speaking regions. A contact line is an essential component of all electric railway traction energy supply systems. It is the interface between fixed installations and moving energy consumers, i. c. vehicles. The contact line designs must be adapted to the respective technical and operational requirements of the different railway electrification systems, the diversity of which has broadened considerably especially with the development of high-speed railway traffic. A thorough analysis of these requirements and corresponding satisfactory design measures are prerequisites for reliable and economical operation of contact lines and of railways in general. The structure and contents of this book reflect this systematic approach: It contains a detailed description of all existing alternating--current and directcurrent systems, the basic requirements that these impose on contact lines and the essential characteristics of the two basic designs: overhead contact lines and contact rails. The interaction of current collectors and contact lines and the issue of interference with railway-owned and third-party installations are dealt vvith in special chapters. The mechanical and the electrical parameters of contact lines, structural design solutions, project planning, constrnction and operation, including maintenance, are also discussed in detaiL In addition, the lists of available relevant international, European and national standards, as well as the regulations of railway operators and railway associations included in the appendix of the book are very useful. In this context, I would like to draw the readers' attention to the evolving technical and operational harmonisation of European railway companies spurred on by the EC directives on interoperability. In this process, "Technical Standards for Interoperability" which establish binding rules on the essential parameters, have been drawn up inter alia for the energy supply sector, where contact lines are dealt with specifically. The parameters, which are to be standardised in this way, have to be chosen carefully, taking technical and economic factors into consideration. I am very pleased to report that the compendium of knowledge provided by this book, "Contact Lines of Elc\ctric Railways", was a great assistance in fulfilling this task. I would like to congratulate and thank the authors and publisher for their initiative by offering this important work to tlwir professional colleagues all over the world



Paris, October 2001



Wcn1,er Breit;li'llfJ



Deputy Chief Exerntive, UlC, Paris



Preface to the first English edition The first edition of "Fahrleitungen elektrischer Bahnen" (Contact Lines for Electric Railways) was published in German in 1997 by B.G. Teubner-Verlag Stuttgart. The first edition was out of print quickly, so a second, revised edition was published in 1999. The co-authors of this book, Professor Dr. sc Anatoli Ignatjewitsch Gukow and Dr. sc. Peter Schmidt, died unexpectedly in 1999 and 2000, respectively. Both had essential roles in the production of the German edition. There were no comparable works available and the book enjoyed wide distribution and attracted great interest, even in non-German-speaking countries instigating the need for translations in other languages. Prior to the first English edition, substantial parts of the book were revised and adapted to include international overhead contact line designs. The revisions were based on international standards as published by IEC and EN. Advice and comments from readers were also incorporated. More attention was paid to 50 Hz railways and local public transportation systems. New calculation methods, upto-date examples of completed electrification projects and recently developed overhead contact line components have also been included. The aims of the book are explained in the preface to the first edition, which also appears in this edition. The world-wide spread of high-speed railway systems, the need to ensure inter operability and the expansion of local public traffic systems are intensifying the demands made on electric railways, the qualifications of staff involved and supporting documentation. So, this edition especially aims to describe the theoretical principles underlying overhead contact lines and to offer possible solutions for their application, whilst taking current international developments in this complex field into consideration. At the same time, the book is intended as a co-operative contribution with projects carried out in parts of the world where German is not spoken. The authors would like to thank the Transportation Systems Electrification Department of Siemens AG and especially the heads of this department, Dr. Werner Kruckow and Peter Schraut, who supported the preparation of the English edition. Beat Furrer of Furrer & Frey AG, Bern, Switzerland sponsored the preparation of the manuscript. The authors also thank the publishing company for its excellent technical facilities. Thanks are extended to Gernot Hirsinger for preparing the translation as well as Bela Jozsa, Norm Grady, Terry \,Vilkinson, John Allan and Jan Liddicut from Melbourne/ Australia, who edited the English version and ensured that the complicated subject matter was understandable to English speaking readers. The authors thank Dr. Wilhelm Baldauf of Deutsche Bahn AG and Dr. Egid Schneider at Siemens AG, who supported them with contributions to certain sections of this revised edition, and Michael Schwarz for desk top editing. The authors hope this book will promote co-operation amongst colleagues working in this field in as many countries as possible, and that it will contribntes to their mutual technical understanding. They look forward to readers' comments and their advice on the content and design of the book. Erlangen, Septernhcr 2001 Friedrich K1,cj{lzng, Rainer Puschm,11,nn, A:i:el Schrm,eder



Preface to first German edition In 1866, the German engineer and entrepreneur Werner von Siemens discovered the dynamoelectric principle, which opened the possibility for generation and application of electrical energy to the extent we know today. Using this principle, he also built the first electric locomotive for railways. This locomotive, with three coaches, was operated for the first time at the Berlin Trade Fair on May 31, 1879. As is well known, the storage of the necessary quantities of electrical energy for other than low powered engines, with onboard batteries, on vehicles is not feasible. Therefore, to use electricity requires a continuous connection between the power station and the locomotive. The first electric train required a power of 2,2 kW and was supplied by DC 150 V through the two rails of the track. Siemens also employed this technique in 1881 for the world's first electric tram in Berlin - Spandau, using a DC 180 V supply instead of DC 150 V. Unfortunately, this power supply system lead to accidents with horses being electrocuted when simultaneously touching the two rails whilst crossing the tracks. This method of transferring electricity was technically unsuitable for extended railway installations. Furthermore it was dangerous, especially at higher powers, as the horse example above shows. For continuing the tram service in Spandau, two contact wires above the rails were introduced in 1882. A double contact trolley busway was suspended from the wires above the track and towed along by a flexible cable, attached to the tram. The trolley was often derailed and the system proved to be too unreliable for commercial operation. However, in 1889 the German engineer Reichel from Siemens first suggested the use of a bow current collector instead. This collector enabled the current to flow from a single wire above the tracks to supply the tractive units and return through the rails. This was the major breakthrough in the development of overhead contact lines to be suited for the transmission of power to running trains in long-term operation. The first electrically operated railways used DC power supply systems and series motors, which were well suited to railway operation. However, these systems had the disadvantage of vehicles having to be supplied with the low operating voltage of the motors, resulting in limited performance and large conductor cross-sections. Consequently, there were early efforts to use AC systems for railway power supplies, either three phase AC or single phase AC. In addition, research was being carried out to find ways of making the transmission voltage independent of the motor voltage, by allowing the currellt to be transformed on board the vehicles. Eventually, AC voltage networks for raihvays could be implemented by using a frequency lower than that used for public electricity distribution. The use of reduced-frequency AC networks enabled to produce simple and reliable train motors. The 16, 7 Hz frequ kV. an ov
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