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1. INTRODUCTION 

1.1 ABBREVIATIONS: 

 Abbr. Name Description 
ACM Auxiliary Converter 

Module 
For converting supply from DC 
link to 3Ø 850V/415V/ 1Ø 
110V AC for running auxiliary 
machines, Lights / Fans / 
Ventilation and 110V DC supply 
for Battery charging and 
Control supply  

ADD Automatic Drop 
Device 

The device rapidly lowers the 
pantographs in case of breaks 
or damages of the collector 
strips. 

AWS  Auxiliary Warning 
System  

Provided for Monitoring, Signal 
passed, Speed and Vigilance of 
Motorman. 

AX Analog Input / Output TCMS device used for electric 
interfacing between hardwired 
control circuits, sensors and 
communication system. 

BU  Basic Unit of cars in 
the EMU  

One Motor Coach with its 
associated Trailer Coach and a 
Driving/Non-Driving Trailer 
Coach  

BCU  Brake Electronic 
Control Unit  

Electronic Control Unit 
specifically dedicated to execute 
operational & diagnostic 
functions/services of the EP-
brake system  

BP  Brake Pipe  Auto-Brake command   
Bu Ctrl Basic Unit Control Execution of command on Unit 

level. 
CCU  Central (Train) 

Control Unit  
SW device for controlling the 
train-wide 
Communication and 
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functionalities  
C&C  Control and 

Communication 
system  

Complete set of components 
and devices aimed  to control 
the behaviour of the train and 
its subsystem  

CRW Cab Rear Wall Rotary switches, MIODX & 
MCBs in driving compartment. 

DBCU  Drive/Brake Control 
Unit  

SW  device for controlling the 
traction /brake functionalities  

DCU  Drive Control Unit  SW  device specifically 
dedicated to execute 
operational & diagnostic 
functions/services of the power 
converters  

DSD  Driver’s Safety Device  Dead- man safety device. 
DTC  Driving Trailer Car  Coach equipped with driving 

cab  
DX Digital Input / Output MITRAC Digital Input / Output 

unit 
EMU  Electric Multiple 

Units  
Train consisting of a 
combination of electric 
traction and trailer vehicles  

ED-
Brake  

Electro-Dynamic 
Brake  

Brake system using electric 
generated torque  

EP-
Brake  

Electro-Pneumatic 
Brake  

Brake system using mechanical 
friction force  

GPS  Global Positioning 
System 

Satellite based communication  

GDU  Gate Drive Unit Gate Control of IGBT. 
HMI  Human Machine 

Interface  
Device which enables the 
interaction between the train 
crew and the control system  

LCB 
(VCB) 

Line Circuit Breaker Vacuum circuit breaker 
connecting Pantograph with 
main transformer primary 
winding.  
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LCM Line Converter 
Module 

It is 4QC in HT power circuit for 
conversion of AC supply to DC 
link. 

MCM 1 / 
MCM 2 

Motor Converter 
Module 1/2 

It is Traction inverter for 
supplying VVVF to 3ph Sq. cage 
induction motor. Namely for 
bogie 1 and bogie 2. 

MIODX Mitrac Input / Output 
Device 

Part of train communication 
network acts as input / /output 
device 

MITRAC Modular Integrated 
Traction System 

Main controlling system in train 
control network. 

ODD Overreach Detection 
Device. 

The device rapidly lowers the 
pantographs if pantograph 
raises over a set height. 

RBCU Redundant Brake 
Control Unit 

Redundancy for EP brakes in 
case of failure of DBCU 

TCMS Train Control 
Management System 

Train control network  

Tr Ctrl Train line Control Execution of command 
throughout the train. 

 

1.2 KEY DATA  

Catenary voltage  25 kV AC, 50 Hz 

Max. Speed  105 Km/Hr 

Acceleration (0 – 40 Km/Hr)  0.54 m/s2  

Service braking deceleration 

(Average from 100 to 50 
Km/h) 

0.76 m/s2 

Service braking deceleration 

(Average from 50 Km/h to 

0.84 m/s2 
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1.3 SPECIAL FEATURES OF BT RAKE 

 

General Features –  

• Stainless steel coach designed with straight sidewall and 

stainless steel fluted roof sheet (based on LHB design 

platform).  

• Aluminium composite interior panelling for side wall, end 

wall and roof.   

• Roof Mounted forced Ventilation Units (RMVU) that will 

supply 16000 cubic metre / hour of fresh air to add to 

comfort of passengers.  

standstill) 

Wheel Arrangement  2’ 2’ + Bo’ Bo’ + 2’ 2 (Basic unit)  

Starting effort max.  525.5 kN (12 Car)  

Vehicle Weight  884 t 

Length (Basic Unit)  Approx. 63 meters  

Drives  Integrated nose-suspended drive  

Stop brake (Basic unit)  Spring-loaded brake- 4 cylinders 
per Basic Unit  

Dynamic brake  Catenary voltage-dependent 
network and dynamic brake  

Electrical brake force max.  -520 kN(12 Car) 

Total brake force max.  -763.2 kN(12 Car) 

Gear ratio 111/25 (4.44) 
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• Passenger Information System (PIS) with double sided 

displays for enhanced visibility of on-board passenger 

information with audio announcement.  

• Ergonomically profiled Polyurethane foam Cushioned First 

class seats on Stainless steel frame. 

• Ergonomically profiled Injection moulded Polycarbonate 

second class seats on Stainless Steel frame. 

• Stainless Steel handholds with polycarbonate / steel grab 

handles.  

• Modular end wall control panels with user-friendly locks. 

• Provision of LED based cab spot light, cab emergency light 

and step light for ladder. 

• Easy to slide, light weight sliding doors with imported 

sliding mechanism having user-friendly locks/latches and 

maintenance free rollers.  

 

Technical Features –  

• Use of 3- ph drive with water cooled IGBT based converter-

inverters and maintenance free & high power squirrel cage 

induction motors. 

• Microprocessor based control system with built-in fault 

diagnostics for smoother control, facilitating trouble 

shooting and easy maintenance. 

• Inclusion of ADD (Automatic Drop Device) and ODD 

(Overreach Detection Device) in pantograph to prevent 

damage to OHE and Pantograph. In case of unusual, 

indication of fault as detected by ADD/ODD is provided on 

HMI. 

• Downloading of diagnostic data of TCMS through MCG 

(Mobile Communication Gateway). 

• Redundancy of train control through IP and MVB. 
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• There are three modes of working – Normal / Override 

(High priority) / RDM. 

• HMI is touch screen type.  

• Provision of Air Spring failure indication on HMI & on the 

driver’s desk. 

• HMI works in ON, OFF as well as in RDM mode in both cabs. 

Commands from HMI cannot be given when DCS is OFF. 

• Control of Head Code through PIS from Guard’s 

compartment only. 

• Unit numbering on HMI from CCG end in 12 car rake is Basic 

Unit 1, Basic Unit 2, Basic Unit 3 and Basic Unit 6. 

• Parking Brakes get applied automatically when DCS is 

SWITCH OFF and get released when speed of the train is 

more than 10Kmph. 

• Provision of 110V DC operated Electric Wiper, Wash pump 

and electrically controlled hooter. 

• Selected actions/trouble shooting like isolation of one 

coach/one unit EP brake binding, Main Air Compressor 

(MAC) control, Light/Fan/Ventilation control, releasing 

Holding Brakes etc, can be done by giving command from 

HMI. 

• Isolation of Basic Units is possible in Override/ RDM mode 

also. 

• Reduced Auxiliary Power (RAP) is a function by which 100 

% Passenger Lights are available even if only two Motor 

Coaches are working and 50% passengers lights are 

available when only one Motor Coach is available in a 12 Car 

rake.   
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1.4 COMPARISON OF AC BT, DC/AC SIEMENS: 

 

SN. Parameters AC BT 
DC/AC 

SIEMENS 

1.  Operating 

Voltage 

25 KV AC  1500V DC / 

25KV AC 

2.  Operating 

system 

MITRAC SIBAS 32 

3.  Driver’s 

display 

HMI with touch screen MMI with soft 

keys 

4.  Rating of 

Traction 

motor 

247KW 240KW 

5.  Rating of Main 

Transformer 

1216 KVA 1250 KVA 

6.  Primary/ 

Secondary 

Voltage 

25 KV / 

2 × 925.5V  

25 KV / 

2 × 950 V 

7.  Auxiliary 

Supply 

1650 VDC to 3ph 850 

V to 3ph 415 V / 1ph 

3Œ110 V  / 3 ph 46 V 

AC 

1800 V DC to 

3ph 415 V/ 1ph 

110V AC 

8.  Gear Ratio 111 / 25 (4.44) 97 / 17 (5.71) 

9.  Train control 

and 

communicatio

n 

IP & MVB MVB  

10.  Parking Brake 

control 

By push buttons. PB 

apply automatically 

when DCS is OFF and 

release automatically 

By push 

buttons only. 

(In SW 5.00.42 

onward release 
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at speeds above 10 

Kmph. 

automatically 

at speeds above 

10 Kmph). 

11.  Train Speed 

selection 

In cruise mode as well 

as through PBC 

handle. 

In cruise mode 

only 

12.  Data 

downloading 

Through MCG & 

Ethernet cable 

connection. 

Through cable 

connection RS 

232 only 

13.  Holding brake 

of 0.8 

Kg/sq.cm 

Release in traction 

mode as well as from 

HMI. 

Release in 

traction mode 

& RDM only 

14.  Unmanned 

Brakes when 

DCS is OFF 

1.2 Kg./cm2. 1.2 Kg./cm2. 

15.  GTO / IGBT / 

Diode  cooling 

Water cooling and 

forced air cooling 

Forced air 

cooling 

16.  HT door 

interlocking 

For main HT door as 

well as for Hatch door. 

For main HT 

door only 

17.  LED based 

Step Light 

Provided Not provided 

18.  Dead-man 

Cock 

In D/Cab  Under frame 

19.  Air Spring 

failure 

indication  

Provided Not provided 

20.  Max. Speed in 

RDM 

60 Kmph 30 Kmph 

21.  Single unit 

operation 

facility 

Provided from DTC 

and from shunting 

cab. 

From shunting 

cab only. 



9 
 

22.  ADD and ODD 

protection for 

Pantograph 

Provided Not provided 

23.  Pantograph 

type 

WBL 22.03 Schunk 

with carbon strips 

WBL 23.03 

Schunk with 

copper strips 

24.  Master 

controller 

supply 

interlocking 

Through ICS. (Bypass 

switch is provided if 

reqd.) 

Not through 

ICS 

25.  DCS Key Switch Key Switch 
26.  EBL1/2/3 & 

EMY OFF Loop 

(EOL) control 

Through Hard wire as 

well as through SW. 

Through Hard 

wire only 

27.  Wiper control Electric with speed 

control & wash pump. 

Pneumatic. / 

Electric with 

speed control  

28.  Train line 

Changeover 

supply bus 

From any Basic Unit 

(From Train line Bus) 

From adjacent 

unit only  

 

1.5 Important notes on Bombardier EMU rake : 

1. Bombardier EMU train is only for AC traction. 
2. Bombardier EMU series is 5000. 
3. Maximum speed is 110 kmph. 
4. There are three modes of operation viz Normal, Override 

(High Priority) and RDM. 
5. ADD (Automatic drop device) and ODD (Overreach detection 

device) are provided for the protection of Pantograph and 
OHE.   

ADD is related with Panto Pan carbon strips.  

Whenever there is any damage to the strips due to any 
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reason like pan broken, panto entanglement etc, all 

pantographs will be dropped by its own.  Defective panto 

symbol in HMI will become red.  Give fault reset and raise 

remaining pantos after isolating the defective motor coach 

as extra precaution.  ODD also does the same in the case of 

Panto is gone up (Over height -2400 mm) in unwired section 

or OHE wire broken etc.   

6. When parking brake sensor not feeding command properly 
to CCU, speed is limited to max 20 kmph.  Attend if any 
parking brake binding or if wrong message, then override 
Parking brake sensor or call TSRT. 

7. Parking brake is applied by its own when DCS is switched 
OFF.   

8. Parking brake is released when the speed becomes 10 kmph 
if forgot to release before starting. 

9. HMI (Human Man Interface) is of touch screen. 
10. HMI will be in ON condition at both driving cabs until 

battery is switched OFF.   
11. Attention of BNR, Compressor isolation / run, PIS reset, 

Parking brake override, Air spring override, coach Light / 
Fan ON/OFF etc can be done with HMI. 

12. DMH isolating cock is provided in Driving cab (2 Nos).  
DMH MCB (Emergency Brake Valve) is also provided in 
MCB panel in E-cabinet. 

13. Whenever any air spring sensor acts, it is indicated in HMI 
and in indication panel and speed is limited to maximum 60 
kmph automatically. 

14. Fault reset button is provided and it can be given for 
software issues. 

15. Master controller and other operation like panto up/dn, 
VCB set/trip will be operative only after switching ON ICS & 
Master Key.   
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ICS override is provided if there is any issue with ICS limiting 

switch for activating Master controller and buttons.  But ICS is 

to be switched ON for BP charging.  

16. Single unit operation facility is provided and can be 
attained with the operation of its switch given behind 
M/man seat, i.e. driving from leading driving cab instead 
from M/Ch when train parted.  Single unit operation switch 
provided behind the M/man seat should be in OFF position 
in normal condition.  Otherwise all pantos will come down 
and cannot be raised until the switch is put back to OFF.   

17. Even though there are EBL 1 to 3, only one common EBL 
bypass switch is provided in the cab.  EBL 3 is isolated in 
RDM mode only. 

18. To isolate emergency OFF button, operate its bypass switch 
in the cab only where the button is defective. 

19. Electrical Wiper is provided with wash pump. 
20. MR pressure is 6 to 7 kg/cm2. 
21. Cab selector switch is provided behind the MCB panel.  The 

switch has got two position viz normal (N) and override (O) 
and its normal position is ‘N’.   

 
It is for obtaining high priority mode.  If cab 

occupation is not possible, then operate this cab selector 

switch.  It can also be used when cab occupied MCB is 

tripped.  There are two Cab occupied MCBs viz Cab occupied 

& EOL and Cab occupied (Redundancy).  When Cab occupied 

& EOL MCB is tripped, cab selector switch is operated to ‘O’ 

and if its other MCB is tripped, operated to ‘N”.  

22. Only two compressors are in working at a time and other 
two are in standby.  

23. All compressors will work for 10 minutes continuously 
when the All Compressor override switch, which is 
provided behind M/man seat, is operated.   

24. When DCS is operated to RDM, all pantos will not come 
down, only MC will open (modified in new software). Raise 
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the pantos / close the MC.  Speed will be 60 kmph max in 
RDM. ENS will be active in RDM mode. HMI will be available 
in RDM mode.  Parking brake switches will be functional.  
No need to hold the PBC ‘T’ grip when train is in standstill 
condition.  Holding brake will be available in RDM. EP brake 
will be full, i.e. 1.2 kg/cm2. Basic isolation is possible in 
RDM mode also. In RDM mode parking brakes will not 
release automatically above 10 KMPH. It need to be 
released through push button.   

 

When DCS is operated back to ‘O’ position from RDM, 

again all pantos will be dropped or MC will be opened.  

Hence whenever DCS is operated to RDM or back from RDM, 

all pantos are to be raised / MCs closed again. 

25. If compressors are not working : 
 If compressor symbols are white in colour, then 

operate All Compressor start switch. 
 If compressor symbols are Red, then give fault reset.   

26. During battery reset, coach lights are ON for 15 minutes 
after battery is operated to OFF. 

27. Since ICS feed supply to Panto & VCB switches, ICS is to be 
removed last in battery reset as well as it is to be switched 
ON first after Battery is switched ON. 

28. During Cab Changing, apply auto brake via brake controller, 
then only switch off ICS & bring brake controller to run 
position. Ensure BP destruction and 1.2 KG/CM2 in BC 
Gauge & then Switch Off Master Key.   

29. When ‘T’ grip is released on traction side of PBC, ‘T’ grip is 
to be operated again and then bring back the PBC to OFF to 
arrest the BP Pressure.  Otherwise BP will continue to be 
dropped. 

30. There are two FCMVs to charge the BP Pressure.  One for 
AWS and the other for DMH valve.  Hence There are two 
cocks for AWS (FCMV & EMV) as well as DMH (FCMV & 
EMV), provided in dash board in front of inspection seat.   
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31. Drive Brake Control Unit i.e. DBCU (TCU in Siemens rake) is 
for traction as well as braking system.  Redundancy Brake 
Control Unit i.e. RBCU (BCU in Siemens Rake) comes in 
circuit for braking only when DBCU is not functioning in 
braking. 

32. BNR attention through HMI is to be done only if its BAR 
value shows more than 0.3 since below 0.3 there will not be 
any brake binding. 

33. When Master key is switched ON to normal mode, signal 
bell 2 starts sounding continuously, indication lamps are 
illuminated, cab occupation symbol comes in HMI, BC gauge 
reads holding brake if BP is normal, Blinker light flashes 
and lastly SB 1 sounds.  Hence all these items are checked 
OK by switching ON Master key. 

34. After operating Master key to ON, the TM symbol will be 
grey only with zero force message, i.e. not ready.  Operate 
reverser to FOR / REV and then turn the ‘T’ grip for TM 
symbol to become white for traction ready and then zero 
force goes off and shows V-max 110.  It should be checked 
at taking over the EMU.  TM will become grey again with 
zero force message whenever the reverser switch is put 
back to neutral position.     

35. When Reverser is put in Reverse direction, a pop up 
message comes in HMI to accept reverse movement 
enabling.  M/Man has to touch the ‘Accept’ in the screen 
and the pop up menu again appears.  i.e. motorman has to 
touch the ‘Accept’ in the pop up screen for two times to 
enable the reverse movement. 

36. Any one driving cab’s Emergency OFF loop MCB must be 
set.  Otherwise all pantos will come down. 

37. If parking brake control MCB is tripped, parking brake 
switch will be inoperative for all the parking brakes.   

38. EBL MCB must be set in any one Driving cab for unit to 
respond.   

39. Flood working height and working are same as in Siemens 
rake. 
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40. Cab is occupied properly but if brakes are not releasing to 
holding brake, then : 

 If HMI shows brakes are applied in its all 
symbols along with text AWS, then the brakes 
are due to defective AWS.  Isolate AWS cocks. 

 If HMI shows all unit brakes are applied along 
with text AWS and ‘E’ inside all brake symbols, 
then emergency brake is applied by AWS.  
Isolate AWS with its both cocks. 

 If all unit Brake Symbols in HMI does not show 
‘E’ or AWS, it may be due to EP brake binding 
on entire train.  Attend it and if not successful, 
work on RDM. 

 If only ‘E’ is shown in all unit brake symbols in 
HMI without BP dropping, turn DCS to RDM 
and bypass EBL as any CCG may be defective.  
Work on RDM since normal mode working is 
not possible with EBL 3 bypass.    

41. PIS is operational for head code and announcement from 
Guard side.  If PIS is not functional, the head code is set by 
MOB (Manually operated). 

42. Electrical horn is provided on driving desk. 
43. Downloading of diagnostic data of TCMS is made possible 

through MCG (Mobile Communication Gateway).  
44. Speed can be locked with cruise control button and with 

the position of PBC positioning.  The target speed is fixed 
and shown in HMI according to the position of PBC and the 
actual speed is controlled as per the target speed. 

45. Password key for coming back to driver mode from 
Maintenance mode is 4444.   

Driver mode can be achieved from maintenance 

mode by logging out or by with the key of 4444 & enter or 

by reinserting the Master key.    

46. Blinker will be operative only if the tail lamp is switched 

ON. 
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47. If head light is switched ON, tail lamp and blinker will not 

glow. 

 

2.0  RAKE FORMATION: 

2.1  RAKE FORMATION 

Rake formation starts from Kalyan end. 

 
2.2 ARRANGEMENT OF COACHES 

 
Formation is from KYN end.  A Basic Unit (BU) is made up of 3 cars. 

The middle car of the basic unit is always the motor coach (MC) 

which contains the propulsion system. Motor Coach wheels are 

powered by asynchronous induction motors. The MC is surrounded 

by a Trailer Coach (TC) and either a Driving Trailer Coach (DTC) or 

a Non-Driver Trailer Coach (NDTC) with non driven axles. 

There are two types of Basic Units i.e. End basic unit and Middle 

basic unit. Basic units containing DTC are called End Basic Units. 

Basic units with NDTC are named as Middle Basic Units. The EMU 

rake is formed by the combination of these two kinds of basic units 

up to a 18 car rake. Standard configuration is a 12 car rake. 

DRD End 
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DTC Driving Trailer Coach 
 Traction Transformer 

MC Motor Coach 
TC Trailer Coach  Traction Converter + 

Auxiliary Converter 
NDTC Non Driving Trailer 

Coach 
 Electronics Distribution 

Cabinet 
SD Shunting Cab  Electronics Control 

Cabinet 
HTC High Tension 

Compartment 
 Pantograph 

DC Driving Cab  Master Controller 
 Powered Wheel  Non Powered Wheel 

 
2.3 PASSENGER LOADING 

 

 

 

 

 

 

 

 

Type of coach Sitting Standing Total 

Motor Coach           (B) 86 349 435 
Trailer coach           (A) 112/114 449 561 

Driving Trailer         (DTC) 89 433 522 
Non Driving Trailer (NDTC) 99 402 501 

Max. Per 12 car train 1168 4862 6032 
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3.0 MAJOR EQUIPMENTS AND THEIR CONTROL: 

3.1  PANTOGRAPH: 

The function of the pantograph is to collect current from the OHE 

without interruption. The pantograph is balanced by an air bellow. 

Pantograph control:   

 
 The command to raise or lower the pantograph can be given 

from the active cab only.  
 To control the pantograph, there is a dedicated toggle switch [-

GB.S5] on each driver's and shunting desk. In driver's desk it is 

Make  SHUNK 

Nominal Voltage  25 kV AC, 50 Hz 

Nominal Current  60 A at 25 kV  

Minimum height with insulators  585 +10 mm 

Minimum working height over resting 
position  

100 mm  

Maximum working height over resting 
position  

2290 mm  

Total length in resting position  2335 +10 mm  

Total weight without insulators  Approx. 150 Kg  

Raising time to maximum working range  10s  

Lowering time from maximum working range  10s  

Maximum speed under good overhead wire 
conditions  

Max. 160 Km/hr 

Metalized carbon strip  

Air pressure for continuous operation  6 Bar  
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read redundant into BuCtrl, whereas in shunting desk is read 
by a single input.  

 This toggle switch also energises train line 'panto UP' and train 
line 'panto Down’ respectively. 

 In normal operation TrCtrl gives command to all active BUs for 
raising or lowering of their related pantograph.  

 In RDM operation the information is derived from trainlines 
'panto up' and "panto down". BuCtrl triggers the command 
based on the falling edge of the trainline signal. (The reason to 
use falling edge is to eliminate the fault if external voltage is 
applied to one of the trainline).  

 In normal operation the trainlines are active as well, but do not 
generate any command for raising or lowering panto. The 
status of the trainlines is supervised by BuCtrl and is used for 
diagnostic purpose only. 

 
 Auto Drop down (ADD) 

The automatic fast lowering device rapidly lowers all the 
pantographs in case of breaks or damages of the collector strips. 
This will help to avoid additional damages on Catenary and 
Pantograph. The ADD function is part of the pantograph design 
itself. Basic unit control opens LCB when it detects lowering of 
panto due to ADD and after that inhibits the command to raise the 
pantograph. BuCtrl informs Traction Control and generates a 
diagnostic message. The activation of ADD is also shown on HMI. 
 
 Overreach Detection Device (ODD) function 

The over reach detection rapidly lowers all the pantographs if 
pantograph rises over a set height. The ODD function is part of the 
pantograph design itself. Basic Unit Control (BuCtrl) opens LCB 
when it detects lowering of panto due to ODD and after that inhibits 
the command to raise the pantograph. A diagnostic message is 
generated. The activation of ODD is also shown on HMI. 
The ADD or ODD event is stored in the non-volatile memory in 
Basic Unit controller. The related pantograph is permanently 
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isolated. Maintenance personnel can reset the fault giving critical 
Fault Reset in Maintenance mode. 
 
3.2 PRIMARY VOLTAGE TRANSFORMER: 

 
The Primary Voltage Transformer is mounted on the vehicle roof. 

The Drive Control Unit (DCU) for the line converters uses the 

voltage measuring transformer to measure the Catenary voltage 

and frequency for supervision and control purpose. 

 

 

3.3  LINE CIRCUIT BREAKER: The LCB is a single-pole AC circuit 

breaker working with vacuum principle with electro-pneumatic 

control. This device is used as line circuit breaker to open and close 

the power circuit and also to break the circuit in case of overload or 

short circuit protection. This device is intended for installation on 

the roof of the vehicle. 
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It offers:- 

 A high level of insulation from earth   
 A high degree of insensitivity to climatic conditions  
 Reduced size  
 High rupture capacity  
 Long lifespan  
 Reduced maintenance 

 
LCB is required to perform following tasks:  

 Supply or break the connection between the Catenary and 
Propulsion system.  

 Provide an over current protection of the propulsion 
system (Transformer, Traction Converter Unit and 
Auxiliary Converter Unit)  

 Provide a protection of the Catenary system in connection 
with pantograph control  

Rated operation voltage  27.5KV 
Nominal Line supply 
voltage  

25 KV 

Max. permissible operation 
voltage 

30 KV 

Rated operational current 1000 A 
Short time withstand 
current 

16 KA 

Rated operational 
frequency 

50 HZ 

Braking current  16 KA 
Making  current 40 KA 
Braking capacity     440 

MVA 
Opening time < 60 ms 
Closing time < 110 ms 
Approximate weight   140 Kg 



21 
 

 The ON and OFF position feedback of the LCB is connected 
to MIO device. The control and supervision is  handled by 
BuCtrl. In addition the following components are included 
by hardware in the control daisy  chain of the LCB:  

 DBCU stall alarm relay  
 Main transformer overpressure switch  
 Shore supply plug feedback contactor  
 Earthing switch DC-link feedback contactor  
 Emergency off contactor  
 DCU (LCM, MCM1, MCM2) line trip relay 

 
Train Control Level: 
 
Normal Mode: Command to close/open LCBs is given from 
occupied DTC or Shunting Desk and transferred by TrCtrl to all 
BuCtrl. Each local BuCtrl will close/open respective LCB after 
receiving command from TrCtrl. 
Rescue Drive Mode: In RDM operation the information is derived 
from trainlines 'LCB Close' and 'LCB Open'. BuCtrl triggers the 
command based on the falling edge of the trainline signal. (The 
reason to use falling edge is to eliminate the fault if external voltage 
is applied to one of the trainline) 
 In normal operation the trainlines are active as well, but do not 

generate any command for closing or opening LCB. The status of 
the trainlines is supervised by BuCtrl and is used for diagnostic 
purpose only. 

 The driver gets the following indication on the driver's desk:  
 
By indication lamp:  

 'Min 1 MC ON': if minimum one LCB is closed in the rake (only 
in RDM), supplied by trainline 'Min 1 LCB closed'  

 'Not all MC ON': if not all LCBs are closed (only normal 
operation, controlled by redundant BuCtrl). This lamp is 
flashing while LCBs are closed. 

 In Single Unit Operation it indicates the status of the LCB from 
the local basic unit.  
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 By HMI, status of the LCB of each basic unit  
 

3.4 Transient Inductor: 

 

• The High Voltage Surge Inductor   absorbs transients 

created by the line circuit breaker (vacuum-type) during 

closing and opening operation.  

• The Inductor is located on the roof of a rail vehicle.  

• Separate insulators will be used for the mounting of the 

inductor.  

 
3.5 Surge Arrester: 

The Surge arresters are mounted on the vehicle roof. The Surge 

arresters are component of high voltage system as shown in Figure. 

The primary surge arrester (3a) in front of the line circuit breaker 

will protect every following HV components including the 

transformer primary winding from incoming transient over 

voltages. This arrester is designed for high energy input and reacts 

very fast because of his response characteristics.  
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A secondary surge arrester (3b) between the line circuit breaker 

and the main transformer will protect the transformer primary 

winding from over voltages generated by the LCB. This arrester is 

designed for low energy input and reacts slower than the primary 

surge arrester because of his response characteristics close to the 

pantograph.  

                                             Technical data Primary surge arrester (3a) 

 

 

 

 

 

 

 

                     Technical data Primary surge arrester (3b) 
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3.6 Primary current transformer 

The function of the PCT is to measure the line current in the high 

voltage circuit. The PCT measures 

the line current feeding to the Main 

Transformer primary winding. The 

PCT is split-core. The split-core 

carries one secondary winding and 

is cast resin encapsulated. The core 

cut surface is lapped to ensure a 

perfect magnetic bond.PCT is 

mounted in Machine Room of MC 

 

OHE Current Supervision 
The line current is measured by means of the Primary Current 

Transformer. 

The current sensor is connected with an analog input of the line 

converter-DCU. 

The primary current is supervised by PrpCtrl. 

The earthing switch has 

the following features:  

• Compact design.  

• Rugged construction.  

• Minimum maintenance 

requirements.  

• Reliable operation under 

difficult traction operates. 
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This is described in the protection concept chapter stated in 

Propulsion ADS. 

The total OHE current is the sum over all basic unit currents and is 

shown on the main screen of the HMI. The value of each basic unit 

is also shown on a HMI screen. 

 

3.7 Earthing Switch for LCB 

The earthing switch mounted on the vehicle roof connects both 

ends of the line circuit breaker 

(LCB) to earth in order to 

provide safe access to the high 

voltage system. The function of 

the roof mounted high voltage 

system is to power the main 

transformer, MT. Earthing 

switch is used for safety and train maintenance purposes. It is part 

of the key interlocking system. 

Main Technical data value 

Rated Voltage 27.5 kv AC 

Rated current 400 A 

Poles 2 

Weight 26  kg approx 

Place of mounting Roof 

Make Patra & Chandra Mfg. &Engg. 

Type PEC VES 25.4 

Max. permissible operating voltage 

(occasional for short time) 

30 kV 

Short time withstand current and its 

duration 

16 kA rms for 3 sec. 

Peak withstand current 40 kA (Peak) 
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3.8 Main Transformer (MT) 

The purpose of the main transformer is to transform the Catenary 

voltage to voltage levels suitable for supplying the propulsion and 

auxiliary power supply systems. It has two traction windings, 

which are connected to the line converter module and one winding 

connected to line interference filter (LIF). Main transformer is 

mounted under the floor of MC. 

 

 
 
 

Nominal Voltage  22.5 / 25 kV AC 

Line voltage min. 2s<t<10 mn.  16.5 KV  

Line voltage max. 2s<t<5 mn.  30 KV 

Frequency  50 Hz +/- 6%  

Rating of HV winding  1216 KVA under 22.5 KV, 
IHV= 54A  

Rating of TR winding  2x608 KVA under 833V, 
ITR= 730A  

Rating of filter winding  162 KVA under 811V, IF= 
200A  

Total weight  3000 Kg  

Transformer Dimensions (L x W x 
H with cooler)  

2722 x 1952 x 850 mm  

Operating temperature range  -25 °C to +120 °C 

Cooling type  Forced oil cool  
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There are two cooling fans for the Main transformer. Both have half 
and full speed mode. It is intended to run always both fans in 
parallel either in half or full speed. They are each protected by two 
MPCBs. 
The speed modes are switched by two command signals 
respectively. Command and feedback signals are connected to MIO 
device. Control and supervision of Main Transformer cooling fans is 
handled by BuCtrl. 
Fans Management and Control: BuCtrl controls the main 
transformer fans. 
There are three modes existing for adjustment of the cooling 
power: 
Mode 1: Both fans off 
Mode 2: Fan 1 and Fan 2 in half speed mode 
Mode 3: Fan 1 and Fan 2 in full speed mode 
The selection of the cooling fan operation mode depends on the 
vehicle speed and oil temperature. 
 
3.9 Traction Motor 

 The traction motor transforms electrical power into 

mechanical power during 

tractive mode and transforms 

mechanical power into 

electrical power during 

regenerative braking. 

 If the motor is supplied with 

a three phase voltage, the 

stator winding will produce a 

travelling sine-distributed magneto-motive force (MMF). The 

MMF acting on the air gap develops a corresponding travelling 

wave of flux. The speed of the travelling wave is the same as 

the synchronous speed i.e. supply frequency. 

 The rotating flux induces a voltage in the rotor bars, which is 

proportional to the difference in speed between the flux speed 
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and the rotor speed. The voltage will produce a current in the 

rotor winding. The rotor current and the stator flux result in a 

mechanical torque on the rotor. 

 The motor voltage and supply frequency are used to control 

the motor torque; the supply frequency and the slip frequency 

are used to control the motor speed.  
 

 

 

 

 

 

3.10 Auxiliary Converter Module 

 

 The Auxiliary Converter uses the DC-link voltage as input to 

generate a symmetrical 850 V 50 Hz three phase voltage 

system. This voltage (850 V) will be down transformed via 

the Auxiliary Transformer to provide a supply voltage for 

the boost-converter of the battery charger and to provide a 

3-phase 415 V AC, 50 Hz +/-5% for auxiliary loads (e.g. the 

transformer oil pump, the cooling fans etc.). The 110 V AC, 

50 Hz +/-5% is generated for the passenger compartment 

lights, fans and driver´s cab. 

 The Auxiliary Converter Module (ACM) works on the 

principle of the PWM (Pulse Width Modulation) and is based 

on IGBT-technology with 3.3 kV IGBT power 

semiconductors. The DC link capacitor is installed for 

smoothing purposes of the generated voltage.   
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Auxiliary Converter Module 

 

3.11 Battery Charger 

 The six-pulse-rectifier and the BC chopper inductor build the BC 

of the ACM. The BC is an essential component of the auxiliary to 
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provide the necessary energy for battery to keep an 

uninterrupted power for electronic equipment control such as 

TCMS, Brake control, train protections, cab fans, emergency 

lighting.  

 The Battery Charger is via BC-input-contactor connected (or 

disconnected) to the Aux Transformer. The main components of 

the battery charger for operation are:  

 Current source (Aux-Transformer)  

 Rectifier  

 Boost-Converter  

 The Aux-transformer converts the high supplying voltage to a 

low level voltage (850 V down to 415 V, 110 V and 46 V for the 

six pulse bridge. The rectifier provides the boost converter with 

the necessary DC-voltage for charging the battery.  

 The AC voltage furnished by the Aux-transformer is rectified by 

the six-pulse-rectifier and then it will be boosted by the step-up 

chopper in order to supply the battery. 

 

 

 

 

 

 

 

Battery Charger Data 



31 
 

 

 

 

 

 

3.12 Exterior Lighting 

The following illustration shows the mounting areas for the 

different kind of exterior light. 

 

 

 

 

 

 

 

 

 

Head Light 

The DTC front exterior is equipped with 

 1 no. Main Twin Beam Headlight on the top-centre front part 

Chopper switching 
frequency 

3000Hz 

Input voltage 62 V 

Output voltage 77-130 V 

Output current 0-325A 

Charging current 22.5 A 

Nominal Input current 430 A 
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 2 no. Auxiliary Headlight on left and right side of the bottom 

front 

 Head lights work 

with 24 VDC which is 

fed by 110VDC/24DC 

converter. 110 VDC 

BN supply is used for 

Head light.  

 

 Interlocking is provided such that either Aux. Headlight or 

Main Headlight can be turned ON at a time. There are total of 

two no. three position maintained type switch used (one for 

Aux headlight and one for Main Headlight)  

OFF/Bright/DIM. 

 
Tail Light 

 The Vehicle has LED based Tail Lights on both side of DTC, 
which operates with 110VDC Battery Direct Supply. 

 There are two types of Tail Lights in each DTC. One is a 
'steady' red colour LED based tail light and the other is 
"blinking" in amber colour. 

 There are two illuminated push buttons on the guard side of 
the drivers desk: 
 Tail Light ON/OFF push button. If it is activated the 

steady Tail Light will be on and the blinking Tail Light 
will be enabled. If the button is not activated all Tail 
Light is disabled.  

 Blinking ON/OFF push button. If it is activated and the 
Tail Light on/off button is also activated, the blinking 
Tail Light is ON. 

 Interlocking is provided such that if Auxiliary Head Light or 
Main Head light is switched ON, then Tail Light will not glow. 

 There are two hardwired indications on the Guard Desk: 
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 Illumination of push button for Tail Light, if it is ON. 
 Illumination of push button for blinking Tail Light, if it 

is ON (Blinking type illumination controlled by 
ON/OFF relay) 

 
Flasher Light 
The Vehicle has one LED based Flasher Light on DTC whose 
Operating voltage is 110VDC Battery Direct supply. 
The flasher light is controlled via: 

 "Flasher Light Driver" maintained type illuminated push 
button on Driver Desk 

 "Flasher Light Guard" maintained type illuminated push 
button on Guard Desk. 

 Both push buttons are placed in parallel control for flasher 
light operation during emergency condition. 

 Flashing itself will be controlled through Flash Control 
Module. 

 The illuminations (flashing) on both push buttons are 
activated (hardwired) if the flasher 

 light is active regardless from which button it was activated. 
 
Step Light 

 There is a Step Light on each side of the DTC above the cab 
step area. Function of the step light is to illuminate the Cab 
Ladder area in the dark. The step lights are connected to 
110V battery direct supply. 

 
Step light location 

 For each side there is a maintained type switch (on driver's 
side respectively guard's side) which activates the step light 
on the respective side. 

 Switch for step light is placed inside cab on driver/guard 
desk side panel; because it is only used on track not in 
stations or depot. 
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3.13 Pneumatic horn 
 

 There are two pneumatically operated horns on DTC and 
one on MC. 

 In DTC both horns can be activated with either a Foot Pedal 
/ Hand operated valve by the driver or with Hand operated 
valve by the guard. 

 In Shunting Cab the horn is operated by a Foot Pedal. 
 In each pneumatic circuit is isolation valve and a strainer. 

 
 Type    : Single cone High Tone 
 No of Cone   : 1 
 Range of working pressure : 5 to 10 Kg / cm2 
 Air requirement  : 6.5 Litres /sec at 7 Kg / cm2 
 Sound intensity   : 115 dB at a distance of 5m at 7 

Kg / cm2 
 Frequency    : 330 Hz 
 Audibility range   : 1000 m during Day 2000 m  

   during Early Morning. 
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4.0 Description of desk equipments (D/cab, Shunting 
cab and E-cabinets) 
 
4.1  DRIVER'S DESK LAYOUT 

  

Push button for Hooter 
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4.2 LEFT HAND SIDE PANEL 

  

 

 

 

 

 

SN Name Type Description 
1 CAB LIGHT Rotary 

Selector 
Switch 

Cab Light 
ON/OFF Switch 

2 CAB FAN Rotary 
Selector 
Switch 

Cab Fan ON/OFF 
Switch 

3 CAB LIGHT EMR Rotary 
Selector 
Switch 

Cab Emergency 
Light ON/OFF 
Switch 

4 CAB LIGHT SPOT Rotary 
Selector 
Switch 

Cab Spot Light 
ON/OFF Switch 

5 STEP LIGHT Rotary 
Selector 
Switch 

Cab Step Light 
ON/OFF Switch 

6 AUDIO VISUAL Push Button Audio Visual 
ON/OFF control 

7 FLASHER Push Button Flasher  ON/OFF 
control 

8 PB RELEASE Push Button Parking Brake 
Release Push 
Button 
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9 PB APPLY Push Button Parking Brake 
Application Push 
Button 

10 HL MAIN Rotary 
Selector 
Switch 

Main Head Light 
ON/OFF Switch 

11 HL AUX Rotary 
Selector 
Switch 

Auxiliary Head 
Light ON/OFF 
Switch 

12 WIPER LEFT Rotary 
Selector 
Switch 

Motorman side 
wiper 
OFF/SLOW/FAST 
control  

13 WIPER RIGHT Rotary 
Selector 
Switch 

Guard side wiper 
OFF/SLOW/FAST 
control 

14 SB 1 Push Button Signal Bell 
normal (Does not 
work in RDM) 

15 SB 2 Push Button Signal Bell 
Emergency 

16 TEST Push Button Test button for 
indications on 
the Desk 

17 WASHER PUMP Push Button Water sprinkler 
on look out glass 

18 HL FAILURE Indication Head Light 
failure indication 

19 SINGLE UNIT 
OPERATION 

Indication Indication when 
train is operated 
in single unit 
operation  

20 RESERVE --- --- 
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4.3 FRONT PANEL 

Type-1    Type-2 

 

 

 

 

 

 

SN. Name Type Description 
1.  EMR OFF Mushroom 

Switch 
For opening all VCBs and to 
drop all Pantographs 
simultaneously in 
Emergency condition. 

2.  PANTO Spring loaded 
Rotary Switch 

Pantograph 
Raising/Lowering command 

3.  ENS Push Button Entering Neutral Section 
command 

4.  MC Spring loaded 
Rotary Switch 

VCB ON/OFF command 

5.  ADD AWS 
V G 

Push Button Additional AWS vigilance 
button 

6.  CRUISE 
CONTROL 

Push Button To run the train at fixed 
selected speed 

7.  FAULT 
RESET 

Push Button To reset fault 

 

 



39 
 

4.4 GAUGES 

 

 

 

 

 

(1) (2) 

 

 

 

 

 

 

(3) 

1) Duplex Gauge: MR (Red needle) BP (Black needle)  
 

2) Combined gauge: Brake Cylinder (Red needle) Parking 
Brakes (Black needle)  
 

3) Conventional Duplex and Brake Cylinder Gauges. 

 

 

 



40 
 

4.5 HMI  

4.6 AWS & ISOLATION COCK 
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4.7 RIGHT HAND SIDE PANEL (TYPE1 & 2) 

 

 

SN Name Type Description 
1 NOT ALL 

PANTO UP 
Indication One or more pantographs 

dropped (Not in RDM) 
2 NOT ALL MC 

ON 
Indication One or more VCBs open (Not 

in RDM) 
3 MIN 1 PANTO 

UP 
Indication Minimum one Pantograph is 

UP, Minimum one VCB is SET 
and RDM are indications in 
RDM mode only 

4 MIN 1 MC ON Indication 
5 RDM Indication 
6 MIN 1 BR 

APPLIED 
Indication Brake Applied on Minimum 

One coach 
7 AWS SERVICE 

BRAKE 
Indication AWS has applied EP brakes 

8 AWS EMR 
BRAKE 

Indication AWS has applied Emergency 
brakes 

9 EMR BRAKE Indication Emergency Brakes applied 
10 EMR OFF Indication Emergency OFF Loop is 

activated  
11 MIN 1 AS 

FAILED 
Indication Air spring failed under 

Minimum One coach 
12 TCN FAILURE Indication Train Control Network Failed 

(Flashes when 
communication fails) 
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4.8 CONTROL ON GUARD’S DESK 

 

 

 

 

 

 

 

S N Name Type Description 
1 STEP LIGHT  Rotary 

Switch 
Step light ON/OFF Switch 

2 CAB LIGHT SPOT Rotary 
Switch 

Cab spot light ON/OFF switch 

3 CAB LIGHT EMR Rotary 
Switch 

Cab Emergency light ON/OFF 
Switch 

4 CAB FAN  Rotary 
Switch 

Cab Fan ON/OFF Switch 

5 CAB LIGHT Rotary 
Switch 

Cab Light ON/OFF Switch 

6 EMR LIGHT ON Push 
Button  

Cab Emergency Light 
ON/OFF Switch 

7 50% LIGHT ON Push 
Button  

50% Lights in Passenger area 
ON/OFF Switch (Cannot be 
SWITCH OFF in RDM) 

8 100% LIGHT ON Push 
Button  

100% Lights in Passenger 
area ON/OFF Switch (Cannot 
be SWITCH OFF in RDM) 

9 TEST Push 
Button 

Test button for desk 
indications 
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10 VENT ON AUTO Push 
Button  

Forced ventilation in Auto 
mode 

11 VENT 100% ON 
MAIN  

Push 
Button  

Forced ventilation 100% ON 

12 VENT 50% ON 
MAIN 

Push 
Button  

Forced ventilation 50% ON 

13 FANS ON Push 
Button 

Fans in Passenger area 
ON/OFF Switch (Cannot be 
SWITCH OFF in RDM) 

14 RESERVE --- --- 
15 TAIL LIGHT  Push 

Button  
Tail Light ON/OFF Switch 

16 BLINKER Push 
Button  

Blinker ON/OFF Switch 

17 FLASHER Push 
Button  

Flasher ON/OFF Switch 

18 RESERVE ---  
19 SB2 Push 

Button  
SB2 Push button 

20 SB1 Push 
Button  

SB1 Push button (Does not 
work in RDM) 

21 EMERGENCY 
LIGHTS OFF  

Push 
Button 

To Switch OFF Emergency 
lights in passenger area 
during Battery Reset 
procedure. 
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4.9 MCB PANEL ON CAB REAR WALL (CRW) 

 

S N Name  S N Name  
1 APC Receiver GB .F2 19 Main Head Light KB.F3 

2 Cab Occupied 
Control & EOL 

GC.F1 20 Driver’s Cab Light KC.F1 

3 TCMS Primary JE.F13 21 Driver/Guard Fan LB.F5 
4 TCMS 

Secondary 
JE.F14 22 AWS Control JD.F1 

5 Wiper and 
Washer Left 
Control 

JG.F1 23 RDM GC.F6 

6 Wiper and 
Washer Right 
Control 

JG.F2 24 110 V DC Socket HC.F3 

7 Emergency 
Brake Valve 

GC.F16 25 Parking Brake 
Monitoring 

GC.F10 

8 Emergency 
Brake Loop 

GC.F3 26 Battery Contactor 
Control 

HC.F4 

9 Cab Occupied 
Control R 

GC.F2 27 Tail Light KB.F4 

10 Instrument 
Lighting and 
Lamp Test 

JC.F1 28 Cab Emergency 
Light 

KC.F2 
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S N Name  S N Name  
11 Emergency Off 

Loop 
FB.F1 29 Flasher Light KB.F1 

12 Speedometer JC.F2 30 Air Cooling 
System MCB 1 

LB.F12 

13 IMS Rack 
Power Supply 

PB.F3 31 Air Cooling 
System MCB 2 

LB.F13 

14 Passenger Info. 
Front Display 
Line1 

PB. F4 32 240 AC Socket HD.F49 

15 Passenger Info. 
Front Display 
Line2 

PB. F5 33 Parking Brake 
Control 

GC.F5 

16 Auxiliary Head 
Light 

KB.F2 34 Signal Bell 2 JD.F4 

17 Step Light KB.F5 35 Train Radio JF.F1 
18 Brake Release 

Loop 
GC.F11 36 Magnet Valve JF.F2 

 

4.10  Controls on Left Hand Side of door of Cabinet Rear Wall 

(CRW) 

 

SN Name Type Description 
1.  BASIC UNIT -1 

ISOLATION 
Rotary 
Switch 

Operate to 1 O’ clock 
position to isolate basic 
unit – 1. 

2.  BASIC UNIT -2 Rotary Operate to 1 O’ clock 
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ISOLATION Switch position to isolate basic 
unit – 2. 

3.  BASIC UNIT -3 
ISOLATION 

Rotary 
Switch 

Operate to 1 O’ clock 
position to isolate basic 
unit – 3. 

4.  EMG. BRAKE 
LOOP BYPASS 
SWITCH 

Rotary 
Switch 

Operate to 1 O’ clock 
position to bypass 
emergency brake loop. 

5.  EMG. OFF PB 
BYPASS SW. 

Rotary 
Switch 

Operate to 1 O’ clock 
position to bypass 
Emergency OFF. 

6.  BASIC UNIT – 4 
ISOLATION 

Rotary 
Switch 

Operate to 1 O’ clock 
position to isolate basic 
unit – 4. 

7.  BASIC UNIT – 5   
ISOLATION 

Rotary 
Switch 

Operate to 1 O’ clock 
position to isolate basic 
unit – 5. 

8.  BASIC UNIT – 6   
ISOLATION 

Rotary 
Switch 

Operate to 1 O’ clock 
position to isolate basic 
unit – 6. 

9.  BRAKE RELEASE 
LOOP BYPASS 

Rotary 
Switch 

Operate to 1 O’ clock 
position to bypass Brake 
Release Loop. 

10.  SPARE --- --- 
 

4.11 Controls on right hand side of door of cab rear wall (CRW) 

(Front of CRW)   (Inside CRW) 
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S N  Front of CRW Type Description 
1 BATTERY 

CONTROL 
Spring 
loaded 
Rotary 
Switch 

For Train line Battery 
supply On / OFF 
commands 

2 UNDERVOLTAG
E ISOLATION 
OFF 

Rotary 
Switch 

Operate to 1 O’ clock 
position to isolate Battery 
under voltage protection. 

3 START ALL 
MAIN 
COMPRESSORS 

Rotary 
Switch 

Operate to1 O’ clock 
position to start all main 
compressors bypassing 
governor control. 

4 ICS BYPASS 
SWITCH 

Rotary 
Switch 

Operate to1 O’ clock 
position to bypass limit 
switch of control supply 
on ICS in case desk is not 
activated.. 

5 SINGLE UNIT 
OPERATION 

Rotary 
Switch 

Operate to1 O’ clock 
position to work the train 
only on leading motor 
coach.  

6 to 
10 

SPARE --- --- 

 

Inside CRW 

1) Driver Authentication Key:  Not to be Operated. 

2) Cab Occupied Selector Switch: Normal Mode        –  CIRCUIT  N. 

     Override Mode      –  CIRCUIT O. 
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4.12 Shunting cab equipments 

Controls on shunting desk 

SN Name Type Description 
1 LOCAL PANTO UP Indication Pantograph of motor 

coach is UP 
2 LOCAL MC ON Indication VCB of motor coach is 

ON 
3 OHE AVAILABLE Indication OHE Supply is available 

4 EMR BRAKE Indication Emergency Brakes are 
applied 

5 MIN 1 BR 
APPLIED 

Indication Brakes applied on 
minimum one coach 

6 MAJOR FAULT Indication Major Fault occurred 
in motor coach 

7 RESERVE --- --- 
8 PB RELEASE Push Button Parking Brake release 

pushbutton only 
within unit 

9 PB APPLY Push Button Parking Brake apply 
pushbutton only 
within unit 

10 BATTERY 
VOLTAGE 

Voltmeter Voltmeter showing 
battery voltage 

11 CAB LIGHT-AC Rotary 
Switch 

Cab Light on AC 
Supply ON/OFF 
Switch (not 
connected) 

12 CAB FAN Rotary 
Switch 

Cab Fan ON/OFF 
Switch 

13 CAB LIGHT DC Rotary Cab Light on DC 
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Switch Supply ON/OFF 
Switch 

14 PANTO Rotary 
Switch 

Pantograph 
Raise/Lower switch 

15 MC Rotary 
Switch 

VCB SET/TRIP switch 

16 SINGLE UNIT 
OPERATION 

Indication Train working on 
Single Unit Operation 

17 RESERVE --- --- 
18 LAMP TEST Push Button Test button for desk 

indications 
19 BATTERY 

ISOLATED 
Indication Battery of motor coach 

is isolated  
20 TEST BATTERY 

VOLTAGE 
Push Button Push Button to take 

reading of Voltmeter 
21 HTC LIGHT  Rotary 

Switch 
Light in HT 
Compartment 

22 HTC FAN AC Rotary 
Switch 

Fans on AC Supply. 
(not connected) 

23 HTC FAN DC Rotary 
Switch 

Fans on DC Supply. 

 

5.0 HUMAN MACHINE INTERFACE (HMI) 

The TCMS HMI provides a graphical interface of the TCMS system 
to support the driver in operating the rake in normal operation as 
well as in case of malfunction of a subsystem. 
The HMI support the maintenance staff in setting basic system 
parameters and fault finding. In case of a failure of the TCMS HMI, 
the train can still be operated. 
There is one HMI installed in each DTC cab. There is no HMI in the 
shunting cabs. 
The HMI is connected to the TCMS network via single IP link. The 
HMI includes its own processor unit, running the software 
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application. The process and diagnostic data shown on the HMI is 
retrieved from other devices from within the TCMS network. 
 
The HMI fulfils following basic functions: 

• Provide an interface to control train functions 
• Display operational status of train functions 
• Display diagnostic events 
• Identify different users 

There are two user groups:  
• Driver Mode.   User ID for Driver Mode is 4444. 
 
Menu Description 
There are different menus available for each user group, i.e. train 
operators or maintenance personnel. There are different menus 
available in active cab and in non active cab. Each screen is 
organized in defined screen areas, as in the figure below: 
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ICON Meaning 
Symbol Ready/idle/slave 
Symbol ON/OKAY/Master 
Symbol OFF 
Symbol Isolated/ Blocked 
Symbol Warning 
Symbol Alarm 
Other 
Symbol 

Special status 

Symbol No Info/ Comm. 
Lost 

Symbol MCB Tripped 
 

 

HMI screen views 

1) Train Level View:  

 

 

 

 

 

 

 

 

  

Area # Area Name 

1 Headline Area 

2 Main menu area 

3 Sub Menu area (Note1) 

4 Main screen area 

5 Event Acknowledge 
area 

6 Scrolling events area 
(Note2) 

7 Popup message area 

8 Vmax indication area 
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If no information about the main air compressor in this basic unit is 
available (main air compressor state = 0). 

 

If the main air compressor in this basic unit is on (main air 
compressor state = 1). 

 

If the main air compressor in this basic unit is off (main air 
compressor state = 2). 

 

If the main air compressor in this basic unit is faulty (main air 
compressor state = 3). 

 

If the main air compressor in this basic unit is manually isolated, i.e. 
via isolation switch in shunting cab (main air compressor state = 4). 

 

If there is no power (i.e. 415 V 3AC) to run the main air compressor 
in this basic unit (main air compressor state = 5). 

 

If the air dryer of the main compressor in this basic unit is faulty 
(main compressor state = 6). 

 

If the main air compressor in this basic unit is isolated via HMI 
(main air compressor state = 7). 

 

If the main air compressor in this basic unit is selected but currently 
not running (main air compressor state = 8). 

 

2) Basic Unit Level View 
This screen shows a graphical representation of the front basic unit, 
consisting of DTC, MC and TC cars. It provides a status overview of 
the major systems in the cars. 

                    End Basic Unit                                     Middle Basic Unit 
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If no information is available about the auxiliary compressor in this 
MC (auxiliary compressor state = 0). 

 

If the auxiliary compressor in this MC is off (auxiliary compressor 
state = 1). 

 

If the auxiliary compressor in this MC is running (auxiliary 
compressor  state = 2). 

 

If the MPCB for the auxiliary compressor in this MC is tripped 
(auxiliary compressor state = 3). 

 

If the command and feedback of the auxiliary compressor in this 
MC are not matching (auxiliary compressor state = 4). 

 

In all other cases. 

 

3. Drive/Brake View 

This screen shows the OHE line voltage and current as well as 

traction effort values for each basic unit in the train. The small 

white level graph indicates the set value for tractive/braking effort, 

as percentage of the maximum available tractive/braking effort. 

The set value is calculated by the function that distributes the 

desired efforts across the available basic units, as a function of 

available traction systems, basic unit weight and other parameters. 

Consequently, at a given position of the master controller, the set 

values for different basic units can differ. 

The large level graph and the value beneath indicate the achieved 

total tractive/braking effort, as percentage of the maximum 

available tractive/braking effort. The bar graph and value are 

shown in Blue colour when it is Tractive Effort and in Orange 

colour when it is Braking Effort.  

The maximum available tractive and braking effort is dependent on 

the weight and speed of a basic unit. 

The braking efforts are combined values for electrical (ED) and 

Electro-pneumatic (EP) brakes. 
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The solid bars in each basic unit show the actual (achieved) traction 

/ braking effort values. The actual achieved value is displayed in the 

label below the solid bars for each basic unit as shown in figure 

below. 

 

4) Events view 
This screens shows the events stored in the train's diagnostic 
database on train level and for each basic unit. 
Different filters can be set to limit the number of displayed events: 
• Show only events relating to one or all of the train entities "Basic 
Unit [1-6]", "Train." 
• Show only events relating to one or all of the subsystem groups 
"Control", "High Voltage”, “Propulsion", "Brake & Weight", 
"Auxiliary", "Comfort" or "Other". 
• Show only current active events (i.e. events which have come, but 
not gone) or history (all  events, including active ones). 
The active filter selection is indicated with a dark background 
colour on the active filter buttons. 
It is only possible to select one or all train entities/subsystems. It is 
not possible to select between 2 and "all-1" train entities / 
subsystems. 
By default, the filters are set to show active events from all basic 
units and train level, for all subsystems. 
The arrow buttons allow page wise scrolling, if the amount of 
matching events spans multiple pages. When clicking on one entry 
in the events list, the screen "Event Details" appears for this event. 
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5) Driver/User ID view 

This screen is used to enter new user ID or to logout the existing 

user. The logged in user can log out using the Logout Button. This 

screen is available only in Driver/Maintenance/No Logging mode. 
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6) Energy View 
This screen shows the energy consumption and energy 
regeneration values for each basic unit and for the whole train. It 
also shows the total distance travelled by the train. 
In Drive mode, below values are shown for the current motor man 
- Energy consumption, energy regeneration and kilo-meter run 
values of the whole train for the current motorman. 
- Energy consumption, energy regeneration, kilo-meter run value of 
each basic unit for the current motor man. 
- Energy consumption of the whole train for the current trip. 
- Energy consumption of each basic unit for the current trip. 
- Energy consumption per kilo-meter for each basic unit. 
In maintenance mode, the energy screen should show values of 
Trip Id, Driver Id, Time, Kilo-meter, Energy consumption, Energy 
recovery, and delta value at train level in a tabular format. 
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7) Main Systems View 

 

High Voltage 

This screen shows the High voltage system in the whole train. 

Screen shows status of various controls like Line Circuit Breaker 

(LCB), Pantograph, Auxiliary Converter Module (ACM), Motor 

Converter Modules (MCM), Battery Charging and Emergency Off for 

each basic unit. 

 

Brake screen 

This screen shows the status of the Brake system in the whole train 

and provides functionalities to act on the brake system. The value 

of each brake pipe pressure sensor (one per DTC) is shown as bar 

graph. 
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The status of the brake pipe pressure switch of each basic unit is 

shown. The driver cab isolates the faulty emergency brake control 

via HMI for individual coach. 

The driver can manually isolate the EP brake on each coach 

individually from the Brake screen on HMI. 

There is a dedicated screen on the HMI for the Brake Test. 

All pre-conditions for Brake test are listed to inform the driver. The 

current status of the EP brake test is shown to the driver. If all pre-

conditions are fulfilled a button to start the brake test is shown. 

While the test is running a button to stop the test is also shown. A 

third button to bypass the EP brake test is shown all the time. 
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Brake Test 

Brake Test screen shows information when last Brake test was 

applied. All pre-conditions are listed in screen-shot to inform the 

driver. Before running Brake test, all pre-conditions should be 

fulfilled. 

While the test is running, button named “Stop Brake Test” is 

enabled to stop the test. 

The current status of the brake test is shown to the driver. Button 

named “Start Brake Test” is enabled only if all the conditions listed 

above are fulfilled. 

Holding brake can be disabled with “Release Hold. Brk” button 

press. To activate holding brake, 

“Activate Hold. Brk” button needs to press. Disabling of Holding 

brake is only possible in the occupied driver’s cab. 

If the driver's desk is unoccupied while the holding brake is 

disabled, it is automatically enabled again. 
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Emergency Brake 
 
This screen shows location from where emergency brake is applied 
to stop the running train within in certain distance. Depending on 
source of brake, images for various controls change. The 
Emergency Brake is cutting off the electric traction and applying all 
the available friction brake force (without jerk control) and 
indicating to driver that Emergency Brake is active. 
 

 
 

Air Spring / Weight 

This screen displays coach weight. Weight measuring system is 

using 4 air suspension sensors in each car (2 sensors per each 

bogie).The weight of each coach and the total weight is shown in 

screen, aside the pressure from each sensor. 
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Air supply 

This screen shows the status of the Air Supply system in different 

states at train level and provides functionalities to act on the air 

supply system also. The indication for different states on HMI is 

explained below. 

 

All Main Air compressors (MAC) can be Run/Stop/Isolated/ 

Release all together from the air supply screen at train level in 

Driver, No login and Maintenance mode. The MRP pressure is 

shown on HMI as an analogue bar graph. 

It is possible to individually Run/Stop/Isolate/Release Main Air 

Compressor from Air supply screen at basic unit level in Driver, No 

login and Maintenance mode from HMI. 

When the Compressor control is forced ON, a warning shall be 

displayed on the HMI display “Main Compressor manually 

operated, check main reservoir pressure” as pop-up message. 

Auxiliary/Battery 

This screen shows the status of the Auxiliary system in the whole 

train and provides functionalities to act on the Auxiliary system. 
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The HMI shall display the status of battery main contactors 

throughout train. 

 

TCMS 

This screen shows the status of TCMS devices and IP/MVB network 

status at train and basic unit level. 

The list of displayed TCMS devices is: 

1) HMI-1 and HMI-2. 

2) CCU-1 and CCU-2. 

3) MCG-1 and MCG-2. 

4) DBCU-1, DBCU-2, DBCU-3, DBCU-4, DBCU-5, DBCU-6. 

5) RBCU-1, RBCU-2, RBCU-3, RBCU-4, RBCU-5, RBCU-6 
6) IP RS-1 and RS-6. 
7) CS-1, CS-2, CS-3, CS-4, CS-5 and CS-6. 
8) BCT2, BCT-3, BCT-4, BCT-5 
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The colour scheme to show status of the devices, MVB segment and 

IP segment in different conditions. 
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PIS 

Driver can operate PIS system as per below screen shot. PIS is used 

for Public Addressing, Intercommunication and Audio Visual 

announcements. 

Button named as “Reset PIS” through which PIS controllers can be 

reset via the train HMI. A relay will interrupt the power supply to 

the PIS controllers. 

PIS will use the information provided by TCMS to trigger correct 

announcement. TCMS will act as a master on the RS485 bus and 

will initiate all the communication with PIS (RS-485 serial 

communication).The PIS will act as a slave. 

The PIS has two interfaces to TrCtrl. A serial RS485 interface to 

exchange data like GPS position, number of basic units (in rake), 

speed, date, time and diagnostic information.PIS is providing its 
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software version, internal diagnostic information via the serial link 

to TrCtrl. 

 

Fans 

Each coach has two lines (line 1 and line 2) and they are operated 

with 110V AC power.50% fans in each car are operated by line 1 

and another 50% fans are operated by line 2. 

Once fans are enabled by Driver/Guard, each fan can be switched 

ON/OFF by passenger. 

State Fan Status 

When Cab is occupied it is possible to switch On and switch Off the 

fans. 

Cab is deactivated Status for the fans is unchanged. 

Switching the (train) operation mode to single unit operation - Fans 

are off. 
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Leaving the single unit operation mode - Fans remain in the mode, 

which was active. 

Communication lost over train network - Fans are enabled 

automatically. 

The status of the fans is displayed up to one power line (line 1 or 

line 2) on basic unit level on 

HMI as shown in screen shot. 

Individual fan line can be enabled/disabled in the train is possible 

from the HMI in the leading cab. 

 

 
 

Lights 

In passenger area, in each type of the coach, number of lights is as 

follows:  
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DTC/NDTC - 18 lights, MC - 14 lights and TC - 20 lights of T8 / 865 

type of lights. 

Out of which 8 nos. of lights in each coach will operate with 110VDC 

BD supply and rest will run with 110 VAC supply. 

Once any cab is occupied, it will be possible for the driver / guard 

from any D Cab to turn ON/OFF 50% or 100% lights in the train. If 

the selected mode is pressed again, the passenger light will be 

switched off. 

If any basic unit loses the train wide communication, then 100% 

lights will be switched ON in particular basic unit. 

The status of passenger area lighting is displayed on the HMI 

individually per each coach. 
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Ventilation Units (RMVU) 

Ventilation system is used to provide comfort for the passengers by 

automatically controls passenger load and ensures that the CO2 

concentration is kept at proper level. 

To enforce ventilation of the coaches, there are two Roof Mounted 

Ventilation Units (RMVU) on each car. These RMVU consist out of 2 

blowers and operated with 415V AC. 

Once any DTC cab or Shunting Cab is occupied, it will be possible 

for the guard from any Driver's Cab to control the ventilation. 

In case there is no occupied cab (train mode = parking) the current 

status does not change. 

 
 

In case one of the HMI display fails, the control panel of push 

button/lamps provides basic functionality, i.e. status of VCB, Panto, 

and Isolation command. HMI display can be detected as failed by 
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TrCtrl by detecting that the life counter from the HMI display is not 

updated. 

The HMI is activated automatically when the train's battery supply 

is provided. When the operating system and then the application 

has finished their start-up, the state mode signals are read and the 

state of the HMI is determined. 

• HMI at Non active cab is Read only. No command can be 

performed by this HMI. 

• It is possible for the user to adjust the backlight level using HMI 

application making the backlight brighter or darker; however the 

automatic switch is still available. 

• Events presented on the HMI are stored in the TDS. The HMI 

fetches events that shall be presented. The events in the TDS are 

grouped and categorized. This is used when displaying them on the 

HMI. 

Loss of Communication 
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Failure Concept 

Traction system is designed in such a way that train running 

operation is achieved properly even if there is a failure in Basic unit 

i.e. if one or more Basic unit fails, train can run with degraded 

operation. 

The following failure concept has been developed for the vehicle. 

Basically, running operation is ensured even if 50% of the units fail. 

The journey can be continued without any restrictions if one unit 

fails. Table below shows data related with Tractive effort possible 

with failure of units. 

Configuration No. of 
Failed 
Units 

% of Full Traction 
available effort 

All Unit healthy(6/6 
operation) 

0 100% 

One Unit unhealthy (5/6 
operation) 

1 83.33% 

Two Units unhealthy (4/6 
operation) 

2 66.67% 

Three Units unhealthy (3/6 
operation) 

3 50% 

Four Units unhealthy (2/6 
operation) 

4 33.33% 

Five Units unhealthy (1/6 
operation) 

5 16.67% 

All Out (0/6 operation) 6 0% 
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6.0 HT POWER CIRCUIT 
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Block Diagram of HT Power Circuit: 

 

Power Circuit Description –  

Pantograph is connected to 25kV OHE line in order to collect supply 
current. Energy collected via Pantograph is sent to Main traction 
transformer via Line Circuit Breaker. The OHE voltage is monitored 
by the Primary Voltage Sensor (PVS). The voltage is continuously 
monitored by the allocated line converter-DCU in the basic unit. 
LCB (VCB) is required to perform following tasks: 

 Supply or break the connection between the Catenary and 
propulsion system. 

 Provide an over current protection of the propulsion system 
(transformer traction converter unit and auxiliary converter 
unit) 

 Provide a protection of the Catenary system in connection 
with pantograph control. 

The on and off position feedback of the LCB is connected to MIO 
device. The LCB in the basic unit can be switched on, if the 
following pre-conditions are fulfilled: 

 Pantograph is raised 
 LCB is open 
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 The OHE voltage is in allowed range  
 No Neutral Section is detected or commanded 
 Air pressure in the Auxiliary reservoir is in proper range 
 PrpCtrl (including the daisy chain) allows the closing of 

main circuit breaker 
Transformer converts collected supply into suitable voltage levels 
for Traction converter and Line Interference filter (LIF). The rating 
covers the specified input voltage range and frequency range. 
Transformer return path is earthed via wheels to the track. 
Traction converter, Auxiliary converter and Supply distribution 
system are mounted in High Tension Compartment in Motor Coach. 
Traction converter generates VVVF for two pairs of 3-ph Squirrel 
cage induction motors. Auxiliary converter takes supply from DC 
link at 1650-1800 V DC and converts it to 3-ph 850 V AC supply. 
This is further stepped down to 3-ph 415 V AC supply to run 
auxiliary machines. Lights and Fans are supplied with 110V AC 
supply. Battery charger is fed with 3-ph 46V AC supply for 110V 
battery charging and Control supply.   

DC link to auxiliary supply: The electrical energy for the auxiliary 
loads is diverted from the same DC link as the energy used for 
tractive effort. The DC 
link voltage is turned 
into a three-phase 
alternating voltage of 
850 V with a fixed 
frequency of 50 Hz 
(±3 %) by the means 
of an IGBT based 
Auxiliary Converter 
Module (ACM) located in the Traction Converter Cabinet (TCC). The 
ACM's control electronic is microcontroller based. A sine filter 
comprised of a three-phase inductor located in the Electrical 
Distribution Cabinet (EDC) and a capacitor located in the Electric 
Control Cabinet (ECC) is used to turn the pulse width modulated 
voltage into a sinusoidal voltage with a THD of less than 10 %.  
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In order to supply the different kind of auxiliary loads, an auxiliary 
transformer inside the EDC turns the primary 850 V into three 
different secondary voltage levels (with a tolerance of +/-5%):  

 Three-phase 46 V AC for Battery Charger (BC) input  

 Three-phase 415 V AC for fans, blowers, pumps, etc.  

 3 x Single-phase 110 V AC for lights and fans. 

The battery charger uses a diode bridge rectifier located in the EDC 

and a step-up chopper to transform the three-phase 46 V AC input 

into a nominal 110 V DC output in order to supply the DC loads like 

control electronics, passenger information system, interior and 

headlights as well as interior fans. The BC output voltage ranges 

from 77 V to 115 V.  

The batteries are charged with a constant current of 18 A (0.25 x C 

with C = 90 Ah) up to the maximum voltage of 115 V. When the 

battery charging current drops below 2 A, the output voltage of the 

BC is reduced to 112 V in order to prevent the batteries from aging.  

The step-up chopper inductor is also located in the EDC, whereas 

the BC chopper IGBT, the input current sensor and the output 

voltage and current sensors are part of the converter module 

located in the TCC. To prevent damaging the battery in case of a 

failure of the voltage sensor within the battery charger, BuCtrl is 

also supervising the battery voltage.  



76 
 

Finally, the three different voltage levels are fed into the ECC. 

Starting from there, the three voltage levels are distributed over the 

3 car basic unit. Additionally, all voltage levels can also be 

distributed across the entire vehicle consisting of multiple basic 

units if necessary. In case of the 415 V AC, the train line is used in 

normal operation. The 110 V DC and 110 V AC train lines are only 

used when the equivalent voltage level has failed in one or more 

basic units.  

Auxiliary distribution in normal operation (415 V 3AC train 

line contactors closed): 

In RAP mode, the 415 V AC train line is also used to supply the 110 

V AC loads (lights and fans) in the faulty 3 car BU. In case the 

auxiliary converter in a basic unit fails and the supply of the 110 V 

AC loads can’t be established via the auxiliary transformer, the 

adjacent basic unit can take over the loads of the faulty unit by 

closing of the 110 V AC train line contactors located in the end wall 

panel of the TC.  

The 110 V AC train line contactors are used when supply of 110 V 

AC loads via 415 V AC system is not possible on a basic unit. In the 
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following cases train control commands for closing of the 

appropriate 110 V AC train line contactors:  

 The auxiliary converter of a basic unit is in single unit 
operation and fails.  

 The 415 V AC transformer output contactor and/or the 415 
V AC trainline contactor can't be closed in a basic unit with 
failed auxiliary converter.  

 The 415 V AC train line fuses are blown in a basic unit with 
failed auxiliary converter.  

 The 110 V AC transformer out contactor cannot be closed in 
a basic unit.  

 Train MVB and train IP connection to DBCU and RBCU on a 
basic unit have completely failed.  

 DBCU and RBCU have failed in a basic unit.  
In this case supply of 110 V AC from a neighbouring basic unit only 
ensures 110 V AC interior light via emergency light functionality. 
All TCMS controlled 110 V AC loads remain off.  
In RDM all 415 V AC train line contactors are open and each 
auxiliary converter runs in single operation. Therefore in case of 
auxiliary converter failure supply of 110 V AC via auxiliary 
transformer is not possible anymore. To keep 110 V AC supply 
available in RDM on a basic unit with failed auxiliary converter the 
following procedure is used:  
If during normal operation a basic unit detects that in case of RDM 
it would need 110 V AC supply via 110 V AC train line it sends this 
request to TrCtrl. TrCtrl consolidates these requests with its own 
considerations for basic unit which are not reachable 
(communication over both bus systems disturbed or DBCU and 
RBCU disturbed).  
Based on this consolidation train control commands to each basic 
unit whether it has to close its 110 V AC train line contactors in case 
of RDM. Each basic unit stores this command and applies it in case 
RDM is activated.  
In case the 110 V AC supply in one basic unit fails and the supply 
has to be taken from one of the adjacent basic units, the status of 
the earth fault detection has to be taken into account. For example 
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110 V AC line 1 in the faulty basic unit indicated an earth fault 
during the time the supply failed, and line 1 in the adjacent basic 
unit also indicates an earth fault, then the 110 V AC train line 
contactor for that line must not be closed. If however only one of 
the two basic units indicated an earth fault on line 1, then the 110 V 
AC train line contactor can be closed. Due to the power rating of the 
110 V AC windings of the auxiliary transformer one basic unit can 
only supply 110 V AC for one more basic unit. 
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7.0 Control circuits and train control network 
 

  



80 
 

The Train Control Technology is designed redundantly for this 
vehicle. There are two Central Control Units called CCU which are 
controlling train level functionality. These are located in the 
driver’s cab. Apart from the control of the entire train, the CCU also 
controls the display. The TCMS system is providing the 
infrastructure via MVB and IP network for train wide 
communication, within each Basic Unit and within a complete rake. 
Following are main components of Train Control and Management 
System: 
 Central Computer Unit (CCU) 
 Mobile Communication Gate way (MCG) 
 IP Ring Switch (IP-RS) 
 IP Cable Switch (CS) 
 Human Machine Interface (HMI) 
 Bus Coupler (BCT) 
 MIO-DX unit (MIO-DX) 
 AX unit (AX) 

The TCMS architecture is divided into a basic unit level and a train 
level. The basic unit level is responsible for control and monitoring 
of all TCMS related functions in one basic unit. The train level is 
responsible for collecting data from all basic units and distributing 
commands to all basic units. 
 
Train Level 
The TCMS architecture on train level consists of a train wide MVB 
(red in Figure above), a train wide IP network (orange in Figure 
above) and train lines. All process data to control and supervise all 
train functions is transmitted on train wide MVB and on train wide 
IP. Train wide MVB has priority. If train wide MVB communication 
is available, the data on MVB is used and the data on IP is ignored. If 
train wide MVB fails, the data transmitted over IP is used. So full 
control functionality is available with one of the bus system 
running. Diagnostic data is transmitted only on train wide IP due to 
restricted bandwidth on train wide MVB. 
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Basic Unit Level 
The TCMS architecture on basic unit level consists of two 
completely separated MVB each with A+B channels. They are called 
primary MVB (dark green in Figure above) and secondary MVB 
(light green in Figure above). The primary MVB is connected to all 
I/O devices and to the propulsion equipment. The secondary MVB 
is connected to the redundant I/O equipment. Redundant I/O is 
available for EP brake, train control (= driver's desk I/O), passenger 
area lights and fans control. 
There are two control units on basic unit level: The DBCU (drive 
and brake control unit) connected to the primary MVB and the 
RBCU (redundant brake control unit) connected to the secondary 
MVB. 
TCMS is designed to perform all tasks related to modern vehicle 
control including operational functions such as: 

 Vehicle and train process control 
 System diagnostics for preventive and corrective 

maintenance 
 On-board communication between all subsystems in and 

between vehicles and trains 
 Train-to-wayside communication. 

 
MVB 
The Multifunction Vehicle Bus (MVB) is a serial data 
communication bus for interconnection of railway equipment like 
Propulsion, Brakes or any other control. The bus has a fixed 
signalling speed of up to 1.5 Mbps.  The MVB is managed by a so 
called Bus-Administrator.  It is conformant to IEC 61375. 
 
IP  
The IP network provides a high bandwidth (up to 100 Mbps) train 
communication system that enables data intensive services, such as 
operational data for configuration, control data, and diagnostics. 
Furthermore the IP network is used for commissioning services 
like downloading and monitoring tasks. 
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Data Types:  
Both MVB and IP buses transport different kinds of data. 
 Process data 
Process  variables  describe  train  states,  such  as  speed,  motor  
current,  and  driver’s  commands.  The  values  of process  variables  
are  short  and  urgent,  therefore  their  transfer time must be 
deterministic. For instance, critical process variables must be 
transported over the train bus within 100ms. Process data is 
therefore transmitted periodically. 
 Message data 
Message data is less time-critical, infrequent, but possibly lengthy. 
The transmission time from application to application is short, but 
variations are permitted according to the load situation. No upper 
delivery bound can be guaranteed. Message length varies between 
a few octets and some kilo-octets.  Messages are  divided  into  
small  packets for  transmission.  Messages are transmitted 
sporadically. The message transfer protocol provides flow control 
and error recovery. To this effect, packets are numbered and 
acknowledged.  
 
Main Functions  
Consists of onboard communication network based on open 
standard IP technology 
Hardware such as Controller (Computers) / I/O units etc. 
Train to wayside communication 
Built in intelligence and application framework 
 
Control Hardware 
For the Control hardware the device MITRAC DCU (in the special 
version MITRAC CC DCU2) is used, which provides a unified 
converter control system for all types of converter control in 
Bombardier. 
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The DCU is mounted upon the converter modules, so that all 
sensors and fiber optic channels are connected directly and on 
short way to DCU. 
All project specific adaptations are done only in application specific 
parts of the software, programmed with MT while the control 
hardware doesn’t need any configuration for application 
adaptation. 
All memory- and FPGA devices are in circuit programmable. 
The DCU must be supplied with the voltages +24 V and -24V, which 
are provided by a power supply device. This power supply device 
supplies one DCU and the GDU’s of the associated converter module 
and realizes a galvanic isolation from the battery voltage. 
The DCU consists of several sub prints: 
• DCU2 Computer Board containing 3 CPU’s: 
MCU (Micro Controller Unit) 
DSP (Digital Signal Processor) 
FPGA (Field Programmable Gate Array) 
• DCU2 Base I/O Board 
• DCU2 Expansion Board 
• DCU2 Fibre Optic Board (The version for DCU/M has no 
expansion board). 
 
The Main interfaces of the DCU hardware are: 

• 10 fibre optic channels, consisting of one Opto receiver and 
one Opto transmitter, 

• For sending IGBT command to GDU and receiving IGBT 
feedback from GDU 

• 5 digital inputs for binary 
signals on battery voltage level 

• 7 digital output for binary 
signals on battery voltage level 

• Analog sensor inputs for 
current and voltages 

• Speed sensor inputs 
• Temperature sensor inputs 
• Line trip relay for fast power 
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cutoff 
• Traction safe input for safe traction inverter blocking on 

battery voltage level. 
 

DCU Integration in Converter: 

In the converter the DCU’s are connected to the sensors, the 
actuators and the Power supply via two or three plug-in 
connectors, to the GDU via the fibre optic connectors and to the 
MVB (serial bus for communication) via special MVB connectors. 
The following figures show the integration of the DCU’s in the 
converter. 

Integration of DCU/L and DCU/M in converter 

 
Integration of DCU/A in converter 
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SW Overview: 

 

The Propulsion Control consists of 4 SW units: 

1. DCU/L SW package for Line Converter Control 

2. DCU/M SW package for Motor Converter Control 

3. DCU/A SW package for Auxiliary Control. 

4. PrpCtrl upper control for all control functions which affects 

all four converters. 

The PrpCtrl SW unit runs on a MITRAC VCU/C and has an interface 

to the SW unit BUCtrl, which belongs to the vehicle control. 

The communication between the PrpCtrl and the DCU’s is 

performed on a basic unit local MVB. 
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8.0 ELECTRICAL COUPLER/JUMPER DETAILS 

         

 DTC  MC         TC          NDTC 

 

 

 

 

 

 

 

 

 

 

 

SN Jumper Description 

1 A Train MVB, Primary MVB, Audio Transline1 & 2, 

Loud SpeakerLine1, RS 485 display, Passenger 

loud speaker LS1 

2 F 1 Train line EOL, Cab Occupation, EBL 1, Min 1 Panto 

Up, Panto Up/Down, Min 1 LCB close, LCB 

Close/Open, RDM, Direction, Drive/ Brake, Brake 

release Loop 1 / 2 , Parking brake Apply/ Release,  

All Parking Brake Apply/ Release, Battery 

A 

G 

F 1 

F 2 

C 

D 

B 1 

E 

B 2 

P 

A          A 

G        G 

F 1     F 1 

F 2     F 2 
              
C           C 

D          D 

B 1    B 1 

E 

B 2    B 2 

P          P 

 

G 

F 1 

F 2 

C 

D 

B 1 

E 

B 2 

P 

A    AG 1 

G    AG 2 

F 1     F 1 

F 2     F 2 

C 

D         D 

B 1    B 1 

 

B 2    B 2 

P          P 

AG 1 

AG 2 

F 1 

F 2 

 

D 

B 1 

 

B 2 

P 
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9.0 PNEUMATIC CIRCUIT 

Driving trailer coach Part-1 

 
 

 

Contactor Close/ Open, Train line Signal Bell, 

Emergency Light Activate 

3 D 110 V DC BN 

4 E Battery Charger line 110V DC 

5 F 2 EOL 2, Cab  occupation ( R ), EBL 2, 110 V DC BD, 

Spare Cable 

6 G IP Bus, Secondary MVB,, HMI, PIS, Audio Train line 

3 & 4, Line2, RS 485 display, Passenger Loud 

Speaker LS 2 

7 B 1 415 V, 3 𝛷 AC power Train Line  

8 C 415 V, 3 𝛷 AC BU Train Line + 1 Neutral 

9 B 2 110 V AC Line 1,2 & 3 

10 P Equipotential Cable (Earth) 
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Driving Trailer Coach Part-2 

 

Motor coach Part-1 
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Motor Coach Part-2 

 

Non driving Trailer Coach Part-1 
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Non driving Trailer Coach Part-2 

 

Trailer Coach 
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10.0 Brake System 

10.1  General 

 

Braking system is adapted in order to control train velocity and to 

stop running train as well as to hold stopped train in standing 

condition. 

 

Main hardware part of the brake system is the brake units (frame 

with panel and reservoirs) and the electronic controls (with the 

BCUs). The brake units are installed in the under frame of each car 

and includes the pneumatic control part of the brake system. The 

electronic control switch BCUs (Brake Control Unit) are installed 

above the floor inside the car in a cubicle. Each bogie has tread 

brake actuators. 

In DTC or NDTC car each bogie have a spring applied Parking 

Brake. 

The brake control is performed per 3 car unit (i.e. each car has its 

own pneumatic control unit and each 3-car unit has an electronic 

brake control unit, BCU for controlling the friction brake effort). 

Friction brake is controlled car wise. The brake electronic is 

microprocessor based. 

Slip/slide control is active in ED braking mode on motor cars. The 

slip/slide control is independent per bogie 

Emergency brake applies pure friction brake (i.e. no blending brake 

between friction- and ED brake) and has no jerk rate limitation. 

Holding- and parking brake keeps the train still at standstill at 10% 

inclinations. Each bogie has tread brake actuators. On DTC and 

NDTC car each bogie has spring applied parking brake cylinders. 
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The maximum service brake average effective deceleration is 0.76 

m/s2 between 110 km/h-50 kmph and 0.84 m/s2 below 50 kmph to 

standstill. 

 

10.2 Different Type of Brake available in the rake 

a) Friction brake 

 Emergency brake 

 Auto Brake 

 EP-Brake 

 Parking brake 

b)  Non Friction brake 

 ED-Brake: - Regenerative/ Rheostat 

 

 

10.3 OVERVIEW OF THE BRAKE MODES 

S.No. Brake  mode Initiated by 
 

1 
 
Service brake 

 
1. Master/Brake controller 
2. AWS 
3. Constant speed control 

2 Auto brake 
Brake Controller, Guard’s Emergency 
Brake. 

3 Emergency brake 

1. Brake Controller  
2. AWS 
3. DSD 
4. Open / De-energise Safety loop 
5. Technical failures 

4 Holding brake Computer activated at stand-still and 
braking at low speed(stopping train, 
jerk rate control) 
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5 Parking 
brake 

Automatically applied at low main 
reservoir pressure or when ordered 

6 RDM Power Brake controller (PBC) through 
train lines 

7 
 

Service Brake from 
SD 

3-position Drive/Brake controller. 

 

Service brake 

The service brake is the normal way to brake the train. Service 

brake demand comes from master controller in DTC. The service 

brake is achieved by the use of two different brake systems, 

Regenerative electro-dynamic brake and Friction (Electro-

Pneumatic) brake.  

The total amount of required brake effort is calculated according to 

the train weight, adhesion level, train speed and the requested 

brake. Service brake can be applied by, 

• Power Brake controller  

• AWS 

• Speed control 

Electro Dynamic Braking 

The dynamic brake is a regenerative brake, performed by the 

traction motors running as generator and it is controlled by 

converter electronics. Dynamic braking is used in order to 

minimise friction brake wear and to utilise maximum energy. The 

amount of dynamic brake in brake blending is controlled to be as 

much as possible. The energy achieved during dynamic braking is if 

possible fed back to the OHE. If the OHE is not receptive, the 

dynamic brake energy is fed to rheostat (BBR) and a fast 

changeover to friction brake takes place. 
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Holding Brake 

The holding brake is the brake used to keep the train at standstill 

for short durations (e.g. stop at station) and to prevent rolling 

backwards during start at slope. For parking, the parking brake 

must be used. The holding brake functionality is accomplished by 

usage of the EP brake. The holding brake is automatically 

controlled by Traction control and Brake unit control. 

The driver has no specific control over holding brake functionality. 

It is fully automatic. The aim is that the EP brake system reaches 

the holding brake when the train reaches a speed of zero. 

Parking Brake 

The parking brake serves to set the train immobility during 

standstill condition while the train is unattended and to prevent the 

train formation or basic unit from inadvertent rolling, if the normal 

brake loses its effect by having too less air-pressure in the main 

reservoir equalizing pipe (MRP). 

Every axle of the coach DTC and NDTC has an additional parking 

brake. Each parking brake is applied by means of a spring and can 

be released by using compressed air against the force of the spring. 

The force developed by the parking brake cylinder when 

compressed air is discharged is sufficiently high to produce a 

braking force and prevent rolling of the vehicles due to grading 

force on a 1 in 100 gradient. It is only possible to release the 

parking brake from the occupied cab when a certain minimum air 

pressure is reached in the MRP. 

When the air pressure in the parking brake air pipe is higher than 

4.2 bar, the parking brake is fully released. When the air pressure in 

the parking brake air pipe is less than 2 bar, the parking brake is 

fully applied. When the Parking brake cylinders are charged with 5 

kg/cm2 compressed air, the parking brakes are held released. The 
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level of compressed air pressure charging into Parking brake 

cylinders is indicated on a parking brake indicator gauge in the 

driver's cab. 

Figure below shows functional diagram of parking brake: 

 

 

 

 

 

The Brake Control Module on DBCU and RBCU performs the 

following main functions:  

 Electronic processing of brake signals from sensors.  

 Communication to DBCU and RBCU (brake demand and feed 

back)  

 Electric drive of EP brake valves (HOLD, APPLY)  

 Brake cylinder pressure control  

 Generation of brake cylinder pressure signal, control loop  

 Fault detection and fault management  

 Management of brake cylinder pressure sensors  
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Emergency Brake The emergency brake is aimed to stop the 

running train within in certain distance (under the assumption 

there is no wheel slide) in order to reach the safe condition of the 

train (standstill).  

Therefore the emergency brake is:  

 Cutting off the electric traction (both driving and braking),  

 Applying all the available friction brake force (without jerk 

control),  

Architecture of the EP brake control system and all 

involved sub-systems/devices 
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 Activating the EP brake in parallel to shorten the time for 

emergency brake activation  

(in case EP brake is available) and indicating to the driver 

that emergency brake is active  

There are three Emergency Brake Loops. Two of them are realized 

in hardware via two trainlines (in total 6 trainlines). One is realized 

as a virtual loop via TrCtrl and BuCtrl.  

 

 
 

The two groups of two hardware emergency brake loop trainlines 

each are guided through jumper cables between basic units. 

Consequently each of them is supplied by one side of the train. In 

each group always one train line is used as a supply while the 

second one represents the actual status of the loop (energized/de-

energized). 
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Functional concept of Brake Released Loop: The status of the 

pneumatic brake systems (EP-brake and P-brake) in the train 

formation is monitored by the “brake released loop”. Whether a 

pneumatic brake is released or applied can be monitored by help of 

C-pressure sensors (C= cylinder) installed in every brake cylinder 

piping system. For each coach there are two C-pressure sensors 

provided to BuCtrl (redundancy purpose). The “brake released 

loop” is CLOSED if all pneumatic brakes in the whole train are 

released. The “brake released loop” is OPEN if at least one 

pneumatic brake in one coach is not released. The following 

diagram shows the control concept for Brake Released Loop. 

 

There are two ways to activate an Emergency Brake.  

1) Electric activation (opening of emergency brake loops):  

 The Master Controller in driver's or shunting desk is pulled 

to the emergency brake position by the driver.  
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 The DSD ("dead-man") supervision is triggered.  

 BuCtrl/TrCtrl is opening the "TCMS emergency brake (EB) 

relay" in at least one basic unit.  

2) Pneumatic activation (opening of brake pipe)  

 The auto Brake controller on Driver's or Shunting Desk is 

rotated to the emergency brake position by the driver.  

 The AWS system is opening the brake pipe.  

 The pneumatic brake valve on guard's desk is opened.  

In case of electric activation of the emergency brake the following 

actions take place with respect to the emergency brake loops:  

 deactivation of (local) relay "Local EB 1" --> emergency 

brake loop-1 is interrupted  

 deactivation of (local) relay "Local EB 2" --> emergency 

brake loop-2 is interrupted  

 deactivation of emergency brake loop-3 (relay EBL 3) in all 

basic units by TrCtrl & BuCtrl  

 A log event is done with the source of emergency brake 

activation.  
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Bypass of Emergency Brake Loops (2 out of 3 logic) can be possible 

only in RDM mode. EBL bypass switch [-GC.S3] is provided in cab 

real wall panel of DTCs to bypass emergency brake loops. EBL 

bypass trainline is energized with this switch. 

SERVICE BRAKE DEMAND IN RDM / SHUNTING SERVICE BRAKE 

RDM: The Master Controller also generates redundant 
traction/brake demand on/off signal through train lines, but this is 
only used when train control is not active or communication over 
the train network is lost (RDM-mode). When operating in RDM, 
there is no degradation in the functionality of brake control, 
however the train wide cross-blending is no longer possible. 
 

Shunting: In shunting mode, brake/traction demand is generated 

in shunting desk by 3-position lever in MC-car. Brake demand is 

on/off. When operating in RDM or shunting, the basic unit control 

will generate a time-dependent ramp. 

upon request of service brake application from master-cum-brake 

controller (via train lines in case of RDM). Available brake forces 

depending on adhesion utilization and weight are respected as in 

normal operation. 

Electric interface BCU: 

Electric interface diagram (below) describes the connections 

between EP-unit and the decentralized electronic interface devices 

of the BCU (DX- and AX-units) in every car. The power to drive the 

magnet valves by digital output is supplied through a relay (SAR = 

Stall Alarm Relay). Such relay gets automatically opened whenever 

either there is an internal failure of the DX unit or the 

communication to the DBCU/RBCU is lost or there is a power 

failure. 
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In case the SAR is opened, the APPLY and HOLD valves are de-

energised. Whenever a double failure of either DX or DBCU/RBCU 

occurs, the magnet valves are therefore de-energised and the brake 

is released.SAR is also used for operating the electric isolation of 

EP-brake control whenever it is required by the driver via HMI. 

Opening of the SAR ensures that there is no power applied to the 

magnet valves. 

 

11.0 AUXILIARY WARNING SYSTEM (AWS) 

Normal Mode: When driving from activated Driver's desk: In 

normal mode the AWS works  

Shunting Mode: When operating from any shunting cab, AWS  is 

not active. 
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Rescue drive Mode     : In the RDM the AWS is active, which means 

the over speed monitoring is active. 

Because the train communication is 

inactive in the RDM, if the AWS recognizes 

the over speed, the additional service 

brake will only be applied in the DT car. 

 

The AWS system consists of following components, which are 

installed in the DTC: 

 Central equipment with terminal board 

 Isolating Switch Unit (ISU) 

 Brake Actuating Unit 

 Hooter and Buzzer 

 AWS Indication Panel  

 AWS speedometer and speed sensor 

 Engine magnet / Antenna 

 Tacho Generator (TG) 

 The power supply is 110 V. If the MCB is tripped, a diagnostic 
even is generated. 

 Only the AWS in the occupied driver’s cab is supervising the 
train operation. The activation is done by the cab occupied 
relay. 

 The AWS gets the driving direction (forward/reverse) 
hardwired from the "Master controller"   relays. 

 There is a hardwired vigilance push-button on the driver's desk. 
It is used to acknowledge the audible warning signal from AWS. 
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AWS Interface 

 

 

 

AWS Service Brake 

 In case of service brake demand, AWS itself does not 

discharge the brake pipe. 

 When AWS is commanding a service brake, BuCtrl reads this 

information redundant and commands a full service brake. 

 The service brake command is given by normally open 

contacts to BuCtrl. BuCtrl generates a diagnostic event and 

activates the service brake according to the logic below and 

shows an appropriate icon in HMI when both channels (MVB 

P and MVB S) are available. 

 When AWS is isolated and service brake contacts are not 

showing the same information, a diagnostic message "AWS 

Service Brake Command Inconsistent Cab X" is generated 

but no service brake is applied. 

 When service brake is initiated, BuCtrl is commanding an 

indicator in both Driver's Desk and shows an appropriate 

icon in HMI. 
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 In RDM mode, no train communication is available. In case 

of service brake request, the driver has to bring the master 

controller to the "brake" position for applying service brake. 

AWS Emergency Brake 

 The emergency brake information is given by normally open 

contacts to BuCtrl. BuCtrl generates a diagnostic event 

according to the logic below and BuCtrl is commanding a 

indicator in both driver's desk when both channels (MVB P 

and MVB S) are available. 

 When AWS is isolated and both EB contacts are not showing 

the same information, a diagnostic message "AWS 

Emergency Brake Command Inconsistent Cab X" is 

generated. 

 

AWS Icons on HMI 
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12.0 MOBILE COMMUNICATION GATEWAY 

MCG is a MITRAC device to establish communication and transfer 

data between Train and Wayside (Ground) 

 
 

Time Synchronization by MCG 

 

 MCG will sync time with NTP server using GSM/GPRS link 

and then CCU will sync it's time with MCG 

 Other devices will sync time with CCU. 

 

13.0 Opening and Closing of HT compartment 

Opening of HT Compartment 

1. Proceed to the motor coach. 
2. Switch ON DCS in Shunting cab. Open CB by operating CB ON 

/OFF rotary switch & lower Pantograph by Panto UP/Down 
rotary switch.  

3. Ensure that the Pantograph is lowered. 



106 
 

4. Operate Blue Kaba key through 900 and take it out of the 
slot. 

5. Insert it into the key slot near AC Earthing switch and turn 
the key through 900 to release the lock of AC Earthing 
switch. 

6. Operate AC Earthing switch to the earth position. Turn one 
of the two Yellow keys through 900 and take it out. Now AC 
Earthing switch is locked in earth position. 

7. Insert it into the slot near DC Earthing switch in Electronics 
cabinet. 

8. Turn the Yellow Kaba key through 900, to release the lock of 
DC Earthing switch. 

9. Operate DC Earthing switch to the earth position. 
10. Turn Green Kaba key near DC Earthing switch through 900 

and take it out. Now DC Earthing switch is locked to earth 
position. 

11. Insert Green Kaba key is into the slot and turn through 900 
to release Black Kaba key. 

12. Use Black Kaba key to open the HT compartment door. 
Note: White Kaba key is used to open the hatch door from outside 
of Motor coach. 
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Blue Kaba key in ON (Raise) 
position 

 

 
 
 

Yellow Kaba keys 
 

 
 

Green Kaba keys 
 

 

Black and White Kaba keys 
 

 

 

Closing of HT compartment and charging Motor coach 

1. Close the door of HT compartment & lock it with Black Kaba 

key. 

2. Obtain Green Kaba key with the help of Black Kaba key. 

3. Insert Green Kaba key in the slot near DC Earthing switch and 

turn through 900. 

4. Operate DC Earthing switch to ON position. 

5. Turn Yellow Kaba key through 900 and take it out of the slot. 
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6. Insert yellow Kaba key in the slot near AC Earthing switch and 

turn through 900. 

7. Operate AC Earthing switch to ON position. 

8. Turn Blue Kaba key near AC Earthing switch through 900. 

9. Take Blue Kaba key out of the slot and insert it in Panto lock 

position. 

10. Turn Blue Kaba key through 900 to raise the pantograph. 

11. Now DC Earthing switch & AC Earthing switch will be locked in 

ON position. 

12. Switch ON ICS & DCS on driver’s panel in the shunting cab. 

13. Raise the pantograph by operating rotary switch. 

14. Close CB by operating rotary switch. 
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PART TWO 
 

Operation & Trouble shooting Guidance 
 

BCT ( Brake Continuity Test ) 
 
Brake Continuity Test (BCT) ensures that the entire Train is fully 
automatic and service brakes are also functional.  Motorman should 
conduct brake continuity test while taking out rake from Car shed, 
Stabling siding or First Train from Platform after TSRT 
examination. 
 
 The Motorman before conducting BCT should observe HV 
Supply, LV Supply and MR pressure is available and adequate. 
 
 The correct procedure of BCT: 
 
1) Motorman after ensuring adequate MR Pressure, charge BP 

pressure by switching ON ICS. 
2) Motorman should operate Master Key to “ON”.  Brake cylinder 

Gauge should show 0.8 kg/cm2 after charging the BP Pressure. 
3) After ensuring BP has been charged full 4.8 kg/cm2, Motorman 

will give 2-2-2 beats to Guard. 
4) Guard after getting 2-2-2 Beats from Motorman will ensure 

that MR and BP Pressure are Fully charged in his cab and also 
Brake Cylinder Gauge reads 0.8 kg/cm2, then Guard will 
acknowledge 2-2-2 beats to the Motorman. 

5) Guard will destroy BP Pressure up to 2.00 kg/cm2 by Guard’s 
Emergency Brake Handle and observe that Brake Cylinder 
Gauge Pressure reads 1.2 kg/cm2 which confirms that cock No. 
15 and cock No. 14 of Guard’s Coach are open and thereafter 
Guard will give 1-1-1 Beat to Motorman. 

6) Motorman on getting 1-1-1 Beat from Guard will observe the 
drop of BP Pressure in the Duplex Gauge and also ensure that 
Brake cylinder Pressure Gauge reads 1.2 kg/cm2 which will 
confirm that cock-No.15 and Cock No. 14 of both bogies of DTC 
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are open and thereafter Motorman will acknowledge 1-1-1 
Beat to Guard. 

7) Guard after receiving 1-1-1 Beat from Motorman will move 
Guard’s Emergency Handle to Normal Position. 

8) Motorman after ensuring that Brake Pipe Pressure has charged 
to 4.6 kg/cm2 will give 1-2-1 Beat to Guard. 

9) Guard on getting 1-2-1 Beat from Motorman will ensure the BP 
Pressure has come to original 4.6 kg/cm2 and Brake cylinder 
pressure is reading 0.8 kg/cm2and then will acknowledge 1-2-
1 Beat to Motorman.  This confirms that the train is fully 
automatic. 

10) The Motorman shall operate PBC to full Braking Position and 
ensure that Brake cylinder pressure gauge registers 1.2 kg/cm2 
and give 1-3-1 beat to Guard. 

11) The Guard will ensure that his Brake Cylinder pressure gauge 
also registers 1.2 kg/cm2 and thereafter acknowledge 1-3-1 
Beat to Motorman, which shall ensure that service brakes are 
coming properly on the entire train. 

12) Before starting the Train, the Motorman should ensure that 
Parking Brakes are released by operating Parking Brake 
Release Switch and ensure Parking Brake Gauge reads 5 
kg/cm2 and also back light of the Release switch is 
extinguished which can be confirmed on MMI Parking Brakes 
indication. “P” Indication on Brake column will go off and 
Motorman will give 2-1-2 to Guard. 

13) The Guard shall ensure that Parking Brake Gauge is fully 
charged to 5 kg/cm2 and thereafter will acknowledge 2-1-2 
Beat to Motorman. 

14) Both Motorman and Guard will make an entry in the BCT 
column of the Defect Card that BCT Conducted and Parking 
Brakes are released.  

15) Check the validity of BPC (12 Days)      
                                  
ADVANTAGES OF BCT 

 

1) BCT ensure the train is fully automatic. 
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2) To confirm the continuity of BP pressure from one end to other 

end that all cock No. 12 is open and cock Nos. 1, 8, 14 & 15 of 

the end coaches is opened. 

3) By operating DMH it also confirms that cock No.3 is open in 

driving coach. 

4) It confirms Parking brakes are released. 

 
 
Unit not responding 
 
Ensure the following. 

 

1. Pantos are up and adequate HV supply is available. 
2. Adequate LV supply is available. 
3. Adequate MR and BP pressure are available. 
4. All switches and MCBs in the E-cabinet are normal. 
5. Ensure proper cab occupation. 
6. All MCs are closed 
7. Put Reverser in forward & turn T grip of PBC to 5° (5Degree). 

Ensure Motor Colour white & V max 110 in HMI. 
8. Switch OFF AWS and try. 
9. Operate EBL bypass switch and try. 
10. Check any active unusual messages and act accordingly. 
11. Ensure no ‘Zero Force’. 
12. If BP Pressure normal but EBL 3 acted, bypass EBL in RDM 

mode & try. 
13. Give Fault Reset and try.  
14. Reinsert Master Key to ON. 
15. Operate Direction switch 2/3 times. 
16. Operate PBC to full braking and then full traction. 

17. Operate M/Key to RDM and then back to Normal & try (Raising 

panto & closing MC). 
18. Give Battery reset& try. 
19. Try in RDM. 
20. Try TSR 122. 
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21. Demand Asstt. Engine after 20 min, couple up and clear the 
section in 30 minutes.  

 
 
RDM working Procedure 
 
Following sequence is to be followed while working on RDM. RDM 
operation should only be performed in Standstill condition of the 
rake. 
 
1. Bring the PBC (Master Controller) handle to ‘Coasting’ Position. 
2. Bring Reverse / Forward switch to ‘O’ position. 
3. Turn the ‘DCS’ key to ‘O’ position. 
4. Wait for 30 seconds. 
5. Turn the ‘DCS’ key to ‘RDM’ position. 
6. All MCs will open and Pantographs are 
lowered automatically.  In modified EMUs, 
only MC will open. 
7. Give Panto Raise command and VCB close 
command to charge the rake. 
8.  Release the Parking brake. 
For changing position of the ‘DCS’ key from ‘RDM’ to ‘ON” position, 
whenever required, following sequence is to be followed in 
standstill condition of rake only. 

8. Maximum speed is restricted to 60 kmph. 
 

 

Note: 
 
1. Do not forget to raise the panto and close MC whenever M/Key is 
turned to RDM as well as put back from RDM to normal. 
2. Sudden operation of ‘DCS’ key from ‘ON’ position to ‘RDM’ or 
vice-versa may lead to trouble of unit not responding. 
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Changes that take place when DCS master key is put to Rescue 
Drive Mode (RDM). 
 

1. Three indications namely RDM (Blue), Min. one Panto (Blue) 
and Min. one CB (Blue) glow 
on right hand side panel. If 
Min. one Panto (Blue) and 
Min. one CB (Blue) 
indications do not glow, give 
Panto Raise command and CB 
Close command. 

2. HMI works normal. 
3. No need to hold the ‘T’ grip in 

5 degree position. 
4. Gradual Traction / Braking is not available. Train movement 

may be with jerks. 
5. SB- I does not work. Work on SB-II Emergency bell. 
6. AWS works normal. 
7. Application or Releasing of Parking brakes is possible. 
8. Holding Brakes (of 0.8 kg./cm2 in standstill) apply. 
9. “Entering Neutral Section” push button will work. 
10. “Cruise Mode” push button does not work. 
11. Parking brake switches operative. 
12. Maximum speed attainable is 60 kmph. 
13. Isolation of Basic units is possible from DTC. 
14. Panto Raise/Lower, CB Open/Close and Emergency Off push 

button work normal. 
15. EBL1, EBL2 & EBL3 work normal. 
16. Lights and Fans in passenger area work continuously. 

Ventilation works normal in auto mode. 
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Procedure of Battery Reset 
 
Stop the train and secure with parking brake. Switch ON emergency 
cab light & inform Guard for the same. 
 
1. Open MCs by MC ‘ON/OFF’ Switch. 
2. Lower the Pantograph by Panto ‘UP/Down’ switch. 
3. Then only switch OFF ICS and Master key. 
4. Turn OFF the Battery by Battery ‘ON/OFF’ switch provided on 
CRW. Emergency lights in Passenger area will be turned ON 
automatically for 15 minutes. 
5. HMI will extinguish and BP pressure will drop.  Normal cab lights 
and fan will go OFF. 
6. Wait for 30 Seconds. 
6. Turn ON the Battery by Battery ‘ON/OFF’ switch provided on 
CRW.  Cab normal light and fan will work.  
7. HMI will start after about one minute. 
8. First switch ON both ICS and Master key together. 
9. Raise the Pantograph and confirm the same on HMI. 
10. Close the MCs by MC ON/OFF switch and confirm the same on 
HMI. 
11. Ask guard to reset coach light & fan and train number. 
 
NOTE:  
 
1. before switching OFF the battery, keep the basic unit 
isolation switch in normal position if already in isolated 
condition before Battery switch OFF.  Also put back that basic 
unit isolation switch to isolated position again immediately 
after switching ON the battery.  
2.  If EP brake isolation has already been done through HMI 
before Battery reset, isolate EP brake of that particular coach 
again as per procedure after Battery reset.  
3.  Any isolation done with HMI if any will be erased in Battery 
reset and hence re-isolation is to be done after the battery rest. 
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Isolation of AWS or DMH 
 
 AWS & DMH Normal Position      AWS & DMH Isolated Position 
 

 
There are two cocks for AWS as well as for DMH in the Dashboard 
in front of inspection seat of D/Cab, one angular cock type (red 
colour in above picture) and one knob type(Black colour in above 
given picture) each.   
 

AWS Isolation: 
1. For AWS isolation, switch off ISU and operate both cocks of 
it (one Red cock and one knob type cock in the above given picture) 
and trip AWS control MCB.  If AWS is isolated, inform LPC & EMU 
controller and ask for accompany staff.  Maximum speed should not 
be more than 80 KMPH.   
2. There are two MCBs for AWS which are provided in E-
Cabinet behind M/Man seat and both should be in set condition.  If 
tripped and not resettable, then isolate AWS both cocks to arrest BP 
pressure dropping and recharging. 

 
DMH Isolation: 
1. For DMH isolation, operate both cocks of it (one Green cock 
and one Knob type cock in the above given picture) and follow TSR 
68.   
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2. DMH MCB named ‘Emergency Brake Valve’ which is 
provided in the E-Cabinet behind M/Man seat must be in set 
condition.  If tripped and not resettable, the isolate DMH both cocks 
to arrest BP pressure dropping and recharging. 
 

HMI display dark 
 
Indication:  

 HMI display is dark. 
 Train may work normal even if HMI display is dark 

 
Action: 
 

 Ensure that the HMI supply Secondary TCMS PWR MCB (JE 
F14) in E-Cabinet is SET. 

 Trip & SET above MCB. 
 Work on tell-tale lamps. 
 Inform EMU Controller and call TSRT. 

 
Fault Rest Procedure 
 
Fault reset button is provided in front panel for attending software 
issues.  Each basic unit fault reset can be done with HMI also.  Fault 
reset is given in MC closed condition and if not succeeded in open 
condition also.   
 
Procedure of “Reset Critical Faults” 

1. Provision of “Reset Critical Faults” is available in maintenance 

mode only to reset any MAJOR FAULT in any particular basic 

unit. 

2. Critical reset should be given at standstill condition only.  

3. This procedure to reset the ‘MAJOR FAULT’ / ‘CRITICAL FAULT’ 

will be followed by Motorman in case rake refused to move OR 

as per instructions of EMU controller. 
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4. Procedure of “Critical Fault Reset” is as under –  

a. Select “DRIVER “on HMI overview  

b. This screen will appear 

 
 

 

 

 

c. Enter 8888 for LOGIN to maintenance mode. Now 

OVERVIEW screen will appear and Max. Permissible 

Speed of rake will be 15 kmph in maintenance mode.  

d.  Select particular basic unit one by one to reset ‘Crit. Fault’ 

of that unit individually. 

e. Touch POPUP button “Reset Crit. Fault” of affected basic 

units on HMI.  
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f. Prepare at least two units. 

g.  Select “DRIVER” mode on HMI overview again and either 

logout or enter 4444 for login to driver mode. 

Note  :  Log out from maintenance mode to Driver mode after giving 
critical reset since train speed is limited to max 15 Kmph in 
maintenance mode.     
 
    
Reverse Direction Movement Procedure 
 
1. Whenever direction switch is operated to reverse, a popup 
menu will appear on HMI to get confirmation of reverse movement 
enabling.   
2. Motorman should touch the ‘CONFIRM’ button in the popup 
menu of HMI.  Again same popup menu will appear again, i.e. 
motorman should confirm the reverse movement enabling twice.   
3. After confirming two times in HMI, buzzer will sound and 
reverse direction movement will be enabled.   
 
 
Cab occupation Procedure 
 
Motorman should insert ICS first to ON and switch ON the master 

key for cab occupation.  Ensure cab occupation is done properly in 

HMI. If cab occupation is not possible, follow the instructions given 

below.   
 

1. Try by reinserting Master Key 

2. Operate ICS key 2-3 times. 

3. Bypass ICS by its switch provided behind motorman seat. 

4. Give fault reset & try   
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5. If not, then operate Cab occupation 

selector switch from ‘Circuit N’ to 

‘Circuit O’ after ensuring its individual 

Cab occupied control MCB is set. This 

switch and MCB are provided in the E-

cabinet behind motorman seat.  

6. If double cab occupation occurred, 

then give fault reset first. Reinsert ICS 

and Master Key to ON.  If not successful, then remove the Master 

Key in rear cab.  If not succeeded again, then give battery reset. 

 
PIS reset 
 
If Public Information System (PA system) is not working properly, 

then Motorman can reset it through HMI by following procedure. 

  

1. Touch ‘CONFORT SYSTEMS’ in HMI. 

2. Touch ‘RESET PIS’ button given in PIS sub menu thereof.   

3. PIS System will be switched OFF and restarted.   

4. Inform guard to reset the train number through PIS. 
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Cab changing Procedure (Main Points) 
 
Following procedure should be adopted to avoid brake binding 

issue during cab changing. 

1. After reaching the destination, “Apply Auto brakes” via brake 
controller. 

2.  Then only switch off the ICS & bring Brake controller to release. 
3.  Ensure brake cylinder gauge is showing 1.2 Kg/Cm2pressure. 
4. “Switch off DCS” (master key) thereafter. 
5. Switch Off AWS 
6. Change the Head Code 
7. Switch ON tail lamp. 
8.  After changing the cab “Switch on the ICS” to charge the BP. 
9. Now “Switch on the Master key”. Check brake cylinder pressure 

has come down to 0.8 Kg/Cm2from 1.2 Kg/Cm2. 
10. Ensure BP is fully charged (4.7 + 0.2 Kg/Cm2 ) before taking 

traction by PBC. 
11. Switch ON AWS 

12. Put Reverser in forward & turn T grip of PBC to 5° (5Degree). 
Ensure Motor Colour white & V max 110 in HMI. 

13. Do check other items as usual in other EMUs. 
 

 
BNR in One Coach 
 
If brake is applied in any of the coach without the brake demand 

and train is Running, brake applied status will be indicated on HMI 

as under 
 

Indications :  

 

1. The pictogram of brakes shows RED on HMI  

2. “Min1_Brake_applied” is glowing on Indication panel. 

3. Following Text messages appears on HMI, 

a) “Bu-1/2/3/6: EP Brake Stucked (DTC/MC/TC/NDTC)” 
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b) “EP Brakes applied” shown in train on run in HMI. 
 

Action to be taken: 
 

1. Ensure adequate BP 

Pressure 

2. Give two to three EP 

full application and release 

and try.   

               If not, then .. 

3. Touch ‘Main Systems’ 

in HMI. 

4. Touch ‘Brake’ in the 

sub menu thereof. 

5. Select the affected Basic Unit. 

6. In the affected coach, touch ‘Isolate EP brake’ (Confirm it on 

Popup menu). 

7. Ensure the Bar Value is reduced below 0.3 in the screen.   

8. If not succeeded, isolate bogie 1 & 2 through HMI & Try. 
 

 

NOTE: 
 

1.  If EP isolation is not possible through HMI, i.e. bar value is 

not reduced below 0.3, then attend the same in the affected coach 

manually as per conventional method adopted in Siemens rake. 

2. If there is brake binding, the bar value will be 0.3 or more. 

3. If the train is stopped, then release the holding brake 

through HMI in brake test screen to find out the binding coach in 

HMI by bar value.   Activate holding brake later on brake test 

screen. 

4. In case of brake isolation, train maximum speed will be 

reducing 9 KMPH/Coach Brake isolation. 
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Brake binding in one unit 

 

Symptoms : Train moves sluggish or may not move. Brake applied 

indication on HMI for all three coaches of one unit. 

 

Action: 

 Identify the affected unit with the help of HMI. 

 Ensure adequate BP Pressure. 

 Apply full EP and release 2-3 times and check whether brake 

binding gets released. 

 If not successful, isolate EP brakes of all three coaches of 

affected unit from HMI. 

 Ensure that brakes on all wheels of all three coaches are 

released.  

 If not, close cock no. 14 of all the three coaches and ensure. 

 Work the train normal on auto brakes. If that unit is not 

extreme end unit. 

 Inform EMU(C) & call TSRT 

 TSRT shall trip EP UNIT MCB in all three affected coaches 

and ensure that EP brake binding is released. 

 
Logging out from Maintenance mode 
 
Maximum speed of train is restricted to 15 Kmph in Maintenance 
mode.  To log out from it, reinsert the Master key to ON or log out in 
Driver Screen or enter 4444 in that screen and touch Enter.   
 
Compressor not working 
 
Symptoms : 
 

1. MR pressure dropping 
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2. BP pressure may drop, brake binding and unit not 
responding 

3. Compressor symbol in HMI is RED / White 
4. Message may come “Air dryer is faulty, MAC is isolated” 

 
 

Action  : 
 

1. Ensure that Panto is UP, OHE supply available and MC 
closed. 

2. Give fault rest  
3. Operate the switch ‘Start all Main compressors’  (all 

compressors will work for 10 minutes) 
4. Try to start the compressors through HMI.  
5. Try to start the compressors in RDM. 
6. Give Battery Reset & try. 
7. Inform EMU controller for further assistance. 

 
 
 
 
 
 
 
 
 
 
Procedure for resetting ADD / ODD 
 
Overreach Detection Device (ODD):  
 

Overreach Detection system is provided in Pantograph of BT rake 

to prevent the damage of Pantograph when any of the pantograph 

moves to NO OHE Zone. If ODD is detected, the Pantographs of all 

units will get lowered and a message that “bu-x_Pantograph 
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Overreach Detection Tripped” displayed on HMI along with 

affected Unit number. 
 

Action to be taken if ODD is activated on line:  
 

If ODD is triggered on line, in such condition all Pantographs will be 

lowered. Motorman has to first confirm whether it is due to Panto 

entanglement or OHE breakdown. 
 

 If there is neither OHE breakdown nor Panto entanglement, 

then charge the Motor coaches and inform to EMU controller. 
 

 
 

 If there is Panto entanglement in any of the unit, take action 

as per laid down instructions & inform to EMU controller. 
 

 If there is OHE breakdown, work as per laid down procedure 

and inform to EMU controller. 
 
 

 

Auto Drop Device (ADD):  
 

Auto Drop Device feature rapidly lowers all Pantographs in case of 

ADD is detected due to breaks or damages of the collector strips in 

any of the Pantographs to avoid further damages on Catenary and 

other Pantograph.  

If this fault is occurred, message “bu-x_Pantograph Automatic 

Drop Down Tripped” will be appeared on HMI. 
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Action to be taken if ADD is activated on line:  
 

Inspect for any unusual on OHE/Pantograph. If nothing observed, 
then inform LPC, EMU Controller, and then charge the Motor 
coaches. 
 
Note  :  Give fault reset for raising the pantographs.  The particular 
Basic unit in which ADD or ODD acted can only be raised after 
giving critical reset.   
 
 
Single Unit Operation switch operated 
 
Single unit operation switch is provided behind m/man seat 

It should be normally in OFF position 

 
It is operated to ON only 
for single unit driving 
when train is 
parted/disconnection of 
jumpers.  
 
If switched ON without disconnection of jumpers, then all panto 
will come down & cannot be raised again unless the switch is put 
back to OFF. 
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Single unit operation’s indication is provided on left hand side 
indication panel on motorman desk. It will glow if the switch is in 
ON condition. 
 

If this switch is already in ON condition before switching on the 
master key, then pantos will come down as soon as the master key 
is switched ON. Hence ensure that single unit operation’s indication 
is OFF before cab occupation or ensure that its switch is in OFF 
condition. 
 
Air Suspension Failure Indication  
 
When air suspension sensor detects less 

air pressure in any coach due to leakage, 

cock isolation etc., and then “Min 1 AS 

failed” indication comes on the front 

panel on motorman desk. 

Message of the same will be displayed on 

HMI. The traction is automatically restricted to 60 KMPH.  

Action: 
 

 Isolate air suspension main isolating cock if any leakages. 

 If falsely acted, call TSRT & attend the same to remove the 

imposed speed restriction. 

 
Speedometer defective 
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Whenever the above message comes in HMI due to speedometer 

defective (SIRS-Speed Indication Recording System), train will halt 

with service brake & unit will not respond. 

 

1.  Press the confirm button on the pop-up menu. Unit will 

respond.  But the message may come again and then has to 

confirm. 

2. If not, trip speedometer MCB provided in E-cabinet behind 

Motorman Seat.  (Provided rear speedometer should in 

working order with its MCB set) 
 

Note :- If any trouble comes in EMU, then immediately read the 

active messages in HMI & write the message details in diary for 

later reference.  Also inform the EMU controller about the displayed 

message. 

BP Pressure trouble shooting  
 
Switch ON the flasher light immediately and protection is to be 
done if required. 
 
Symptoms: 
1) Unit may not respond / one or more units will not come on 

power. 
2) Brake Binding on entire train. 
3) Brake Cylinder gauge shows 1.2 kg/cm2.  
4) BP pressure will not increase even though MR pressure is 

adequate. 
5) Minimum one brake indication appears on “Tell Tale” Lamp.  
6) Emergency Brake applied indication appears on HMI. 
 

Action: 
 

1) Ensure that all MCBs are set in E-Cabinet.  If not, set it or 
troubleshoot for the same.   
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2) Check for messages on HMI and trouble shoot accordingly. 
3) Ensure Cab supply is available. 
4) Switch OFF AWS or isolate it by operating its both the cocks and 

try.  (AWS & DMH cocks are provided in front the Inspection 
seat)  

5) Operate DMH both the cocks and try (TSR 68).  (AWS & DMH 
cocks are provided in front the Inspection seat)  

6) If the leakage is due to mechanical defects, then : 
i) Keep ICS open. 
ii) Secure the train and inform the Guard to be more vigilant. 

 
 
Note:  On closing the ICS, if MR pressure starts reading normal and 
BP pressure drops to Zero, it confirms BP pressure leakage.   
 
 

   
LEADING “C” COACH: 
 

1) Close the cock no. 11&12 behind the coach. (Train becomes 
non-automatic) 

2) Release the coach manually. 
3) Isolate the “Parking Brake” manually. 
4) Charge the BP from Rear, work the train as per “TSR 122”.  
5) Call TSRT to switch “OFF” Main Compressor and Comp. 

Governor.   
6) Inform LPC/SCOR/EMU Controller.   

 
        TRAILING END “C” COACH: 
 

1) Close the cock no 11&12 either sides of coaches. 
2) Release the coach manually. 
3) Isolate the “Parking Brake” manually. 
4) Work the train from front as per “Non Automatic”. 
5) Cancel the train at first available Station.  
6) Inform to LPC/SCOR/EMU Controller. 
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    OTHER COACHES: 
 
1) Close the ICS, Ensure BP leakage and again open ICS.  
2) Close the cock no. 12 on both sides of affected coach.  (Train 

becomes non-automatic) 
3) Release all the rear coaches manually. 
4) Work the train from the side where more numbers of coaches 

are available on BP.  
5) In case of motor coach, operate EMG BRAKE LOOP BYPASS 

SWITCH in both the cabs to 1O’clock position to isolate 
emergency brake loop (EBL). 

6) Cancel the train at first available Station.  
7) Inform to LPC/SCOR/EMU Controller. 

 
 

 ON HOSE PIPE –  
 

1) Close the cock no. 12 on both sides of affected Hose Pipe. (Train 
becomes non-automatic) 

2) Work the train from where more number of coaches available 
with BP pressure.   

3) Release the coaches manually of coaches beyond the 
disconnection since no charging of BP.   

4) Charge the BP from other end if required. 
5) Train becomes non-automatic. 
6) Inform LPC/SCOR/EMU Controller. 
 
 
MR Pressure trouble shooting 
 
Switch ON the flasher light immediately and protection is to be 
done if required. 
 
Action:-  
 

1) Stop the train on emergency brakes. 
2) Close the ICS. 
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3) Close MR Coach isolating cock No.11 behind 1st “C” coach to 
save the air pressure.  

  
 

I. Under frame “C” COACH:- 
 

     a) Before Cock No. 10:- 
 

 Close the cock No.10. 
 Work the train normally after opening Cock No. 11    behind 

the 1st ‘C’ Coach. 
 Isolate that particular compressor through HMI or Call 

TSRT to switch “OFF” Main Compressor. 
 

     b) After Cock No. 10:  
 

LEADING “C” COACH – 
 

 Close the Cock No. 11&12 behind the coach. 
 Release the coach manually. 
 Isolate the “Parking Brake” manually. 
 Charge the BP from Rear, work the train as per “TSR 122”. 

(Train become Non-Automatic) 
 Inform to LPC/SCOR/EMU Controller.    

 
     TRAILING LAST “C” COACH– 

 
 Close the cock no 11&12 both sides of coach. 
 Release the coach manually. 
 Isolate the “Parking Brake” manually. 
 Charge the BP from front, work the train as per  
       “Non Automatic” 
 Inform to LPC/SCOR/EMU Controller. 

 
     INTERMEDIATE “C” COACH- 
 

 Close the cock no.11 Both sides of coach. 
 Isolate the “Parking Brake” manually. 
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 Call TSRT to switch “OFF” Main Compressor and Comp. 
Governor.   

 Work the train up to destination with speed of 60 kmph, 
inform LPC/SCOR/EMU Controller. 
 

II. “B” COACH : 
 

 Close the cock no.11 both sides of coach. 
 Isolate the Basic Unit Completely since no Air Pressure 

for Pantograph, VCB & COS. 
 Work the train up to destination with speed of 60 

kmph. 
 Inform to LPC / EMU Controller /SCOR.  

 

      III.    “A” COACH: 
 

 Close the cock no.11 both the sides of coach. 
 Work the train up to destination with speed of 60 

kmph. 
 Inform to LPC / EMU Controller /SCOR.  

 
 

IV. On Hose Pipe : 
 

 Close the cock no.11 on both the sides of affected 
Hose Pipe. 

 Work the train normally up to destination. 
 Inform to LPC / EMU Controller /SCOR. 

 
Note  :  If any compressor is required to be isolated, it can be done 
through HMI or by TSRT staff.   
 
 
Neutral section negotiation 
 
 Ensure MR and BP pressure are adequate. 

 If any coach is running trip, do not try to set it while 

approaching neutral section. 

 Select ‘Overview’ (TOP LEVEL) Screen on HMI. 
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 Gain adequate speed according to signal and section. 

 At 250 meter board press “Entering Neutral Section (ENS)” 

push button for 2-3 sec.   

 The ENS button will flash for 2-3 sec and then glows steadily. 

‘NEUTRAL SECTION ACTIVE’ message will appear on Red 

message strip on HMI. VCBs will start opening one by one. 

 If ENS button does not flash or ‘NEUTRAL SECTION ACTIVE’ 

text message does not appear on HMI, press “Emergency off 

push button” immediately to drop the pantos. After passing 

EMU CB close board as per rake requirement, release 

Emergency push button by rotating in arrow direction and 

raise panto and close the CB. 

 In case any CB is not closed after passing neutral section and 

extinguishing of the ENS button, give CB ‘ON’ command by CB 

ON/OFF switch. 

 In case CB still not closed even by giving ‘CB close’ command, 

give ‘CB open’ command and after 2 sec. again give CB close 

command. 

 

After passing neutral section ensure  

 Working of Lights, Fans and Ventilators.  If not working inform 

Guard on PA to switch ON the same. 

 Working of all compressors. 

 
Train held up just before Neutral Section 
 
 Give the MC OFF (CB OPEN) command to cancel ENS command.  

 Build up MR if required by closing MC.  

 Isolate leading three units by Basic unit isolation switches & 

Ensure opening of CB on HMI and lowering of pantograph of all 

these three units. 
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 Confirm MC is closed in rearmost unit and pull the train ahead 

with it till the leading two motor coaches have passed the 

neutral section. 

 Isolate the rear most Basic unit with Basic unit isolation 

switch., which has not passed the neutral section  

 Charge leading two units by switching on Basic unit isolation 

switches, raising Panto and closing CB & Work the train up to 

the next station / after clearing the neutral section completely , 

energize the rear two basic units as per laid down procedure. 

 
Train help up in between Neutral Section 
 
 Confirm physically & by HMI indication regarding number of 

Motor Coaches, which have passed Neutral Section.  

 Give the MC OFF (CB OPEN) command to cancel ENS command. 

 Build up MR if required by closing MC.   

 Isolate the Basic units, which have not passed neutral section. 

 Confirm MC is closed in units, which are already passed neutral 

section & then clear the neural section. 

 After passing the neutral section completely, normalize all the 

isolated basic units. 

 Give Panto UP command and MC ON (CB close) command. 

 
 
Resetting of Emergency OFF button 
 
When Emergency OFF button of any cab is 
pressed, all pantos will come down 
immediately.  HMI will display its message 
also.  The pantos cannot be raised unless the 
button is normalized or bypassed. 
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Note  :  If the Emergency OFF button is operated and cannot be 
normalized, then operate its bypass switch in that cab only. The 
Emergency OFF bypass switch provided behind the inspection seat 
is independent to that particular cab push button.       
 
Parking Brake not releasing 
 
Symptom : 

 

 Parking brake gauge may show zero pressure. 

 Parking brake applied symbol will appear on HMI for one or 

more C coaches. 

 PB apply push button may show blue colour backlight 

steady. 

 

Action: 

 Release the parking brakes by pressing the ‘parking brake 

release’ push button in D/Cab and observe parking brake 

status on HMI, parking brake gauge. 

 If not successful, apply parking brakes again, wait for 3-5 

sec. and again release by pressing ‘parking brakes release’ 

push button. 

 Ensure all MCBs are ‘set’ in DTC. (Especially parking brake 

MCB).  If parking brake MCB is found tripped, reset the 

same.  Apply and release parking brakes once and ensure.   

 If Parking Brakes are still not releasing, operate parking 

brake SMV manually of that particular C coach which is 

provided in under truck. 

 If not successful, isolate parking brake of affected coach by 

pulling the release wires provided on the bogie near dashpot 

spring and hook it properly. 

 Inform EMU (C) and call EXR 
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Note: Parking brakes can only be released from Driving cab where 

master key is switched ON but can be applied from any Driving 

cab/Motor coach without inserting and putting master key 'ON'. 

When the parking brakes are applied from motor coach, Parking 

Brakes will be applied only in the C coach of the concerned unit. 

 
Cancellation of ENS command 
 
To cancel wrongly acted / operated Entering N/section command, 
operate M/Contactor switch to ‘OFF’.  Give a time pause and then 
operate to ‘ON’.   
 
If ENS command is repeatedly acted due to malfunctioning, then 
trip APC MCB provided in E-Cabinet of D/Cab and try. 
 

Isolation of Motor coach 

 

Motor coach can be isolated by operating concerned Basic Unit 

Isolation switch to (ISO) 1 O’clock position from any Driving cab.  

Note: If Motor coach is isolated by operating Blue Kaba Key, ADD is 

triggered throughout the train and all pantos will come down. Later 

that particular pantograph cannot be raised till critical reset is 

given.  Other pantographs will go up. 

 
Substation tripping  (Stationary) 
 
 

Cause: 
 
1) Fault in substation or OHE. 
2) Earth fault on own train. 
3) Earth fault in some other train. 
  
Symptoms: (on Overview screen) 
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1) All panto UP symbol background becomes blue to white. 
2) All Main Contactor will open with grey background. 
3) OHE voltage bar and line current will disappear. 
4) Text message of No OHE.   
 
Action: 
 
M/man after taking immediate proper action, communicate with 
TPC, LPC, EMU control or SCOR for S.S. tripping.  If told to 
troubleshoot S/Station tripping or not able to communicate with 
TPC / LPC / EMU controller, do as follows: 
 
1) Drop all the Pantos and ensure the same on MMI. 
2) Isolate leading or trailing 3-basic units of 12 car.  
3) Raise Pantograph by giving Panto UP command. 

a) After raising panto, white symbol becomes Blue if OHE 
power is holding. 

b) Now give M/Contactor close command and ensure on MMI. 
4) Similarly charge other basic units also one by one by operating 

basic unit isolating switch to normal position, then followed by 
Panto UP and M/C close commands.   

5) If OHE supply goes off the line on raising any Panto or closing 
the M/Contactor, isolate that basic unit and work on remaining.   

6) If any passenger / guard informed smoke/fire/unusual sound in 
any Motor coach or noticed, isolate that Motor coach 
completely.  

7) Inform LPC & EMU controller. 
 
 
Hot axle 
 
Cause: Inadequate lubrication/breakage of inner or outer race 
 
Indications: Smoke from axle box and decolouring of axle box 
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Action : 
 

 Pull the rake cautiously up to first available platform at 
speed not exceeding 8 kmph. 

 If it is motor coach, isolate affected motor coach from DTC 
by turning 'Basic Unit isolation switch' to 1 O’clock. 

 Inform EMUC and call carriage staff. 
 Cancel the train at first available platform and work it to 

nearest yard/ car shed as per instructions of carriage staff. 
 
 
Flat Wheel.  
 
Cause:  

 Brake block jammed on the wheel.  
 Brake cylinder piston stuck up. 
 Brake Unit defective.  
Indication: Hitting sound at regular intervals. 

 
      Action:  

 
 Release brake binding if any. 
 Inform EMU(C) and call for carriage staff. 
 Cancel the train if flat wheel is of 50mm or more. 
 Work the train at speed not exceeding 25kmph 

 
 
Head code manual operation 
 
   If head code is not operational with train number setting by Guard 
through PIS, then manual setting can be done.  PIS manual Over-
Ride Box (MOB) is provided in the Driving cab through which we 
can select Destination, no. of cars and type of service.  Independent 
cab front display will be changed.   
 
Procedure  : 
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1. Press ESC/ REV button and press Enter button.   

 
MOB Screen will change to ‘MOB mode’ from ‘Normal Mode’.   

2. Select destination by pressing up /down arrow keys. 
3. Select no. of cars & type of service (Slow/Fast) by pressing 

left / right keys.  
4. Now press Enter key.   

 
             Front display board will change accordingly.  Confirm the 

same.   
 
 NOTE  :  1. Ensure that Passenger information front display MCBs 

(line 1 & 2) are set in E-Cabinet for the working of front 
display.  
2. While changing the cab, Motorman should reverse the 

board to normal mode.  Otherwise head code won’t 
change according to the setting from the PIS from the 
other cab by Guard.  Hence press ESC/REV button 
before cab changing and ensure normal mode in the 
MOB screen.     
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I. Brake Power Test procedure for BT EMU stock on Run 

1. Select ‘Drive / Brake’ mode on HMI. 

2. Attain the speed of 60 Kmph before ‘Red Board’ i. e. ‘Brake 

Test Board’. 

3. Open CBs by giving ‘CB Open’ command before passing the 

Red Board. 

4. Apply 100% brakes through Master controller throttle 

(PBC) while passing “RED BOARD” (Brake testing board). 

Verify on HMI that your demand is 100%. 

5. Do not release the brakes till speed is reduced to 15 Kmph 

or Motorman’s cab passes the green test board i.e. 4th/5th 

structure from Red Board.  (See NOTE below) 

6. If the drop in speed between the Red Board and the Green 
board is 45 Kmph or more (Train speed less than 15 kmph) 
the brake power is normal.   

7. If the drop in the speed is less than 45 Kmph (Train speed 
more than 15 kmph) the brake power is inadequate. 

NOTE:- 

 i) If the brake power test is conducted in peak hour, then the Green 

Test Board shall be the 4th structure from the Red Board. In non-

peak hour, the Green Test Board shall be 5th Structure from the Red 

Board.  

ii) After conducting the brake power test close CBs by giving ‘CB 

close’ command for further working the train.   

II. If brake power is inadequate take action as follows:- 

i) If the train speed drops between 16 Kmph to 24 KMPH 

(Brake loss upto 9 Kmph) work the train normally keeping in 

mind the brake loss. 
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ii) If the train speed drops between 25 KMPH to 29 Kmph 

(Brake loss is from 10 to 14 Kmph), do not operate the train 

at the speed exceeding 65 Kmph. 

iii) If the train speed does not drop up to 30 Kmph (brake loss is 

more than 15 Kmph) work the train at a reduced speed up to 

destination. The rake should be withdrawn from passenger 

service. 

iv) Whenever brake loss is observed, test Auto brakes.        

v) In case brake loss is observed; motorman must make an 

entry in EMU log book & inform to TSRT/EMU controller & 

LPC. On arrival at HQ, make an entry in Brake test. 

When rake is withdrawn from service on account of weak Brake 

power and is attended by staff in car shed; the brake power should 

be tested on line in empty condition by applying full brakes (100%) 

through master controller throttle (PBC) at the speed of 60 Kmph 

after opening of the CBs. The train should stop within 230 meters. 

The distance is to be measured by Custom monitor through Laptop. 


