
British Railways 
Electrification Conference 
London 1960 

RAILWAY ELECTRIFICATION AT 

INDUSTRIAL FREQUENCY 

Proceedings 



Proceedings  of  the 

British Raiiways 

Electrification Conférence 

London 1960 

Contents 

Page 
SECTION I Opening Address by 

S I R B R I A N R O B E R T S O N , BT., G.C.B. , G.B.E. , K.C.M.G. , 
K.C.V.O. , D.S.O., M.C. 

Chainnan, British Transport  Commission 2 
Introduction by S . B . W A R D E R 3 

Paper 1. Electrification  in the Modernisation of  Britisii Raii-
ways: The Choice of  the 5 0 c/s System. S . B . W A R D E R 4 

S E C T I O N II Introduction by J. A. B R O U G H A L L 16 
Paper 2. The Application of  the 50 c/s System as Proved by 
System Tests. J . A . B R O U G H A L L , F . J . L A N E 18 

Paper 12. System Tests : Instrumentation and Measurements 35 
Paper 13. System Tests: Evaluation of  Results 44 
Paper 14. The Consulting Engineer's Contribution to 
50 c/s Electrification  50 

Discussion on Paper 2 and Supporting Papers 57 
Authors" Replies 59 

S E C T I O N TII Introduction byE. S. C o x a n d G . G. K I B B L E W H I T E 61 
Paper 3 . The Locomotives. E. S. Cox, G. G. K I B B L E W H I T E 63 

Paper 15. Locomotives: A.E.I., Rugby 82 
Paper 16. Locomotives: English Electric Co. 95 
Paper 17. Locomotives: General Electric Co. 110 
Paper 18. Locomotives: A.E.I., Manchester 125 
Paper 19. Locomotives: B.R./A.E.I., Rugby 139 
Paper 20. Pantographs for  Locomotives and !Vliiltiple-Unit 

Trains 147 
Paper 21. EfFectsofDynamic  Performance  ofRolling  Stock 

on Current Collection 155 
Paper 23. Locomotives and Multiple-Unit Trains under 

Development 161 
Discussion on Paper 3 and Supporting Papers 1 68 
Authors' Replies 172 



CONTENTS (Continued) 
Page 

^ III Introduction by H. W I L C O C K and C . J . C L E M O W 174 
Paper 4. The Multiple-Unit Trains. H. W I L C O C K , 
C . J . C L E M O W 176 

Paper 23. Locomotives and Multiple-Unit Trains under 
Development 161 

Paper 24. Multiple-Unit Train Equipments for  Man-
chester-Crewe Line: A.E.I., Rugby 191 

Paper 25. Multiple-Unit Train Equipment for  London-
Tilbury - Southend Line: English Electric Co. 203 

Paper 26. Multiple-Unit Train Equipments for  Liverpool 
Street - Enfield  - Chingford  - Hertford  - Bishop's 
Stortford  Lines: General Electric Co. 213 

Paper 27. Multiple-Unit Train Equipments for  Glasgow 
Suburban Lines: A.E.L, Manchester 225 

Paper 20. Pantographs for  Locomotives and Multiple-Unit 
Trains 147 

Discussion on Paper 4 and Supporting Papers 237 
Authors" Replies 240 

>N IV Introduction by W . J . W E B B 242 
Papers. The Power Supply. W . J. W E B B 243 

Paper 28. Power Supply: The Railway Load 256 
Paper 29. Power Supply: Oil-insulated Switchgear 264 
Paper 30. Power Supply: Air-insulated Switchgear 274 
Paper 31. Power Supply: Protection Systems 282 
Paper 32. Power Supply: Remote Control of  Power Dis-

tribution 292 
Discussion on Paper 5 and Supporting Papers 302 
Authors' Replies 303 

O N V Introduction by E . C L A X T O N , J . W . G R I E V E and 
A . K . T E R R I S 3 0 5 

Paper 6. The Overhead Line Equipment. E . C L A X T O N 308 
Paper 7. The Erection of  the Overhead Line Equipment. 
.1. W . G R I E V E , A . H . E M E R S O N 3 2 2 

Papers. Civil Engineering Aspects. A. K. T E R R I S 337 
Paper 33. Overhead Equipment: The Catenary System 350 
Paper 33A. Developments in Overhead Equipment 360 
Paper 34. Overhead Equipment: Insulators 371 
Paper 35. Overhead Equipment: Structures and Foundations 379 
Paper 36. Overhead Equipment: Erection 386 

Discussion on Papers 6, 7 and 8 and Supporting Papers 394 
Authors' Replies 397 

O N V I Paper II. Research for  A.C. Traction. D R F . T . B A R W E L L 4 0 0 

Discussion 408 
Author's Reply 411 

>N V I I Introduction by A . W . W o o D B R i D G E a n d DR H . R. J . KLEWE 413 
Paper 10. Signalling and Telecommunications. 
A . W . W O O D B R I D G E 4 1 5 

Paper 9 . The Interference  Problem. D R H . R . J . K L E W E 427 
Paper 38. Signalling Equipment: A.E .I.-G.R.S. 440 
Paper 39. Signalling Equipment: Siemens & General 

Electric Railway Signal Co. Ltd 446 



CONTENTS (Continuée!) 
Page 

S E C T I O N VII— Paper 40. Signalling Equipment: Westinghouse Brake & 
(continued) Signal Co. Ltd 454 

Paper 41. Railway Télécommunication Cables and 
Equipment 463 

Paper 37. Effect  on Post Office  Circuits 473 
Paper 37A. Télévision Interference  484 

Discussion on Papers 10 and 9 and Supporting Papers 488 
Authors" Replies 490 

S E C T I O N VU! Conclusion by R . C. B O N D 493 

A P P E N D i X A List of  Manufacturers  taking part in the Conférence  495 

A PPEN DIX B Statement by the British Transport Commission 496 


