
EVOLUTION OF  TECHNOLOGY
IN LOCOMOTIVES





CONVENTIONAL TECHNOLOGY

ÅDC Drive with DC Supply

ÅDC Drive with AC Supply

ÅDC Drive with AC/DC Supply















ELECTRIC LOCOMOTIVE TECHNOLOGY ON IR

ÅDC Locomotives with Rheostatic Control -1925

ÅAC Locomotives with Tap-Changer Control -1959

ÅAC Locomotives with Thyristor Control -1988

ÅAC Locomotive with GTO Thyristors and 

Three Phase Drives -1995



ÅValve Technology

ïMercury Arc Rectifiers 1961-63

ÅSolid State Rectifiers
ÅSilicon Diodes 1964

ÅThyristor 1980s

ÅGTOs with VVVF Control 1990s

ÅIGBTs for auxiliary supply 1990s

Progress of Power Electronics in the Field of 

Electric Locos
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DC Locomotives/EMU with Rheostat Control

1500 volts for DC 

Loco /EMU

25 kV for AC 

Loco /EMU

TRADITIONAL CONTROL OF DC MOTORS



DC LOCO

DC EMU



 

 

DC TM 

AC Supply 

L 

Thyristor

AC Locomotives with Thyristor Control

IMPROVED ELECTRONIC CONTROL OF DC MOTORS



WAG6: AC Locomotives with ThyristorControl



INTRODUCTION TO ELECTRICAL TRACTION

ADVENT OF ELECTRIC TRACTION IN INDIA ON 3rd FEB, 1925 10:00 AM.

INDIA BECOMES 24th SUCH NATION IN THE WORLD 

TO RUN BETWEEN BORIBUNDER TO KURLA, THE IST ELECTRIC TRAIN IN INDIA 

WAS FLAGGED OFF BY THE THEN GOVERNOR OF BOMBAY, SIR LESLIE 

WILSON 



INTRODUCTION TO ELECTRICAL TRACTION

ELECTRIC TRACTION ON 3000V.DC

142 RKM ELECTRIFICATION COMPLETED IN WEST BENGAL BETWEEN 
HOWRAH AND BURDWAN AND SHEORAPHULI AND   TARKESWAR. 

WCM2 LOCO BUILT 

TO RUN ON 3000 

VOLTS DC IMPORTED 

FROM ENGLISH 

ELECTRIC COMPANY



INTRODUCTION TO ELECTRICAL TRACTION

ELECTRIC MULTIPLE UNITS

First Emu Cars For The Erstwhile BB & CI Railway (Now WR) Being Unloaded From A 
Ship Around 1925. (Scanned From A Very Dog Eared Copy Of 'History Of Bombay Suburban 

Railways (1853-1985)



INTRODUCTION TO ELECTRICAL TRACTION

ELECTRIC MULTIPLE UNITS

ONE OF THE EARILEST DC EMUS IN MUBAI SUBURBAN AREA



INTRODUCTION TO ELECTRICAL TRACTION

ELECTRIC MULTIPLE UNITS

ONE OF THE EARILEST METER GUAGE  DC EMUS IN 

MADRAS(CHENNAI)-TAMBRAM AREA



INTRODUCTION TO AC  TRACTION IN 1959

ÅIn the year 1957, Indian Railways decided to 

adopt 25 kV 50 Hz AC traction based on 

French Railway (SNCF) Technology. 

ÅThe first train run using 25kV AC was on Dec. 

15, 1959  on the Dongaposi- Rajkharswan

section in SER.(20 KM)



START OF AC ELECTRIC TRACTION ON 15TH

DECEMBER 1959 

INTRODUCTION TO AC  TRACTION IN 1959



INAUGURATION OF ONE OF THE EARIEST TRACTION 

FEEDING POST

INTRODUCTION TO AC  TRACTION IN 1959



FIRST AC ELECTRIC LOCO WAM1  JAGJIVAN RAM 

COMMISSIONED IN 1959

Introduction to Electrical Traction



Å Howrah-Gaya was electrified  in year  1960 .

Å Howrah-Delhi route was electrified on Aug. 5, 

1976. 

Å The Bombay-Delhi (WR) route was 

electrified by Feb. 1, 1988.

INTRODUCTION TO AC  TRACTION



DOMINANCE OF DC SERIES MOTORS

ÅUp to 1980s, only dc series motor was considered

suitable for traction application due to its inherent

torque- speed characteristics suitable for vehicle

propulsion.

ÅIn this, torque/speed control is achieved by variation

of input voltage to traction motor. This is achieved by

introduction of starting resistance in dc locos and

through on load tap changing arrangement on the

primary winding of the loco transformer in case of ac

locos.



ADVANTAGES OF DC DRIVE

ÅSimple Control

ïRheostat, Tap-Changer, Thyristor

ÅIdeal Torque ςSpeed Characteristics



PROBLEMS WITH DC DRIVE

ÅTraction Motor Maintenance ςHigh

ÅStepped Control ςLess Adhesion

ÅHigher Un-sprung Mass

ÅLife Cycle Cost - High



3 PHASE TECHNOLOGY



WHAT IS A THREE PHASE LOCO

ÅWorks on single phase AC- 25 kV, 50 Hz,supply 
but TMs are three phase Induction machines.

ÅSimple squirrel cage induction motor.

ÅTorque speed characteristics modified to suit 
traction application with the help of VVVF.
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Why a converter ? 

Power conversion from line to motor

Gear

box
Trafo

3

M

Z

v

e.g. AC  25kV / 50Hz

AC  15kV / 16.7Hz

e.g.  DC  3kV

DC  1.5kV

DC 600-1200V

e.g. 0....2183V

       0....120Hz

Line

Conv.
Motor

Conv.

U,f = fix U = fix

U,f = variable
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DC supplyAC supply

3
M

Main Parts of a converter
Motor converter
- Conversion DC/AC

- group or single axle drive

Line converter
- Conversion AC/DC

- 1 or 2 line circuits

Resonant circuit
- L and C in series 

- fRC= 2 ¶fline

DC-link capacitor
- filter capacitor

- energy reservoir

OVP / BC
- AC--> over-voltage protection

- DC--> brake chopper



` 
AC TM VVVF CONVERTER DC LINK PWM CONVERTER TFP 

MODERN 3-PHASE PROPULSION SYSTEM 



Three Phase Drive

ÅMaintenance ςLow due to Induction Motor

ÅEnergy Saving ςHigh due to Regeneration

ÅUnity power factor

ÅAdhesion Characteristics - Better

ÅControl ςVery Complex

ÅInitial Cost ςHigh

ÅLife Cycle Cost - Low



1990s DECADE

1996: Six WAG-9 locos and 16 more in kit form imported from ABB 

(AdTranz) 

1998: CLW begins production of indigenous versions of WAG-9 (first one 

is "Navyug")

INTRODUCTION OF THREE PHASE TECHNOLOGY



2000s DECADE

2000: First WAP-7 locomotive, 'Navkiran', from 

CLW. 

INTRODUCTION OF THREE PHASE TECHNOLOGY



2000s DECADE

2000 :First indigenous WAP-5 (named 'Navodit') from 

CLW

INTRODUCTION OF THREE PHASE TECHNOLOGY

WAP5 LOCO



2000s DECADE

INTRODUCTION OF THREE PHASE TECHNOLOGY

2001: AC-DC EMU Rake In Mumbai



LANDMARKS

Å1993 ςToTAgreement was signed between IR 
and ABB transportation systems Ltd., Zurich, 
Switzerland
ïAgreement was called IRGP ς140

ï20 WAG-9 and 10 WAP-5 locomotives were 
imported

Å1996 ςFirst WAG-9 (CKD/SKD)

Å1998 ςFirst CLW make WAG-9 locomotive

Å2000 ςFirst WAP-т ƭƻŎƻƳƻǘƛǾŜ ΨNavkiranΩ

Å2000 ςFirst WAP-р ƭƻŎƻƳƻǘƛǾŜ ΨNavoditΩ



LANDMARKS

Å2000 ςFirst WAG-фI ƭƻŎƻƳƻǘƛǾŜ ΨbŀǾǎƘŀƪǘƛΩ

Å2009 ςFirst WAG-9i with IGBT based Traction 
Converter

Å2010 ςFirst WAP-7 with HoG Scheme.

Å2010 ςFirst full IGBT WAG-9 

Å2011 ςFirst WAG-9H with Locotrol



SALIENT FEATURES

ÅVariants
ïWAG-9 6000 HP, Co-Co, 460 kNStarting TE

ïWA9-9H 6000 HP, Co-Co, 500 kN Starting TE

ïWAP-7 6000 HP, Co-Co, 140 kmph

ïWAP-5 5400 HP, Bo-Bo, 160 kmph, Fully 
Suspended TM

ÅMicroprocessor based control

Å3-Phase Induction Motor drive

ÅRegeneration of energy



Å High starting torque is a traction 

requirement

ïDC motor is better in this 

parameter

ïAC motor can be intelligently used 

to    attain same performance

Å Power/Weight (KW/Kg) ratio

ïAC 3Ø: 0.3

ïDC: 0.18

Å Maintenance requirements

ïMore wear & tear in DC Motor

ïEarly overhaul requirements

Å High voltage-Low current design

Å High RPM

DC MOTORS VS 3Ø AC MOTOR


