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Context
Introduction

4

Rails

FEEDER

+

+

-

-

Running rails (-)

SUBSTATION

Positive rails (+)

ELECTRIC 
UTILITY

SUBSTATION TRANSIT PROPERTY

DC TRACTION POWER SYSTEM

SUBSTATION A SUBSTATION B SUBSTATION C
RAIL GAP

HSCB AUX. 
Fuse

Propulsion 
system

Auxiliary 
system

Collector 
shoe fuses

Collector 
shoes 

o Primary DC Voltage: 600 V, 
750 V, 1 kV, 1.5 kV

o Average Rated Power: 2 MW 
- 5 MW (some even bigger)
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Short-Circuit Protection Studies in Railway Cars
Introduction

5

General Objectives: 
• Equipment and cables protection
• Limit high thermal and magnetic energy (typically 

undercar)

Specific Objectives: 
• Determine available fault level
• Define Ratings and Settings of the protective devices
• Evaluate fault duration
• Assess selectivity of protective devices
• Determine protection performance under different 

scenarios
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Why using a transient analysis tool ?

7

A transient analysis tool is used since:

- Traditional AC RMS Time-Current Curves 
(TCCs) are of a limited use in DC.

- AC Let-Through Curves are also of limited use 
and may not be always available in DC.

We will see why…
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Why using a transient analysis tool ?

8

 Short-circuit current waveform depends on the substation 
rectifiers transient response: It is neither AC nor DC [8].

Short Circuit Current Waveform

0 0.05 0.1 0.15
-50

0

50

Time (s)

C
ur

re
nt

 (k
A

)

 

 

isc1-2
isc2-3
isc3-4
isc4-5
isc5-6
isc6-7
isc7-8
isc8-9
isc9-10
isc10-11
isc11-12
isc12-1
Peak Function
Analytical
Simulation



©
 B

om
ba

rd
ie

r I
nc

. o
r i

ts
 s

ub
si

di
ar

ie
s.

 A
ll 

rig
ht

s 
re

se
rv

ed
.

M
ax

im
e 

Be
rg

er
–

BT
AM

E 
–

Ju
ly

 1
0t

h,
 2

01
5

Why using a transient analysis tool ?

9

 Fault level depends on the location of the train throughout the 
DC traction system due to the track parameters – (Close, Max. 
Energy, Remote)

Fault Level
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Why using a transient analysis tool ?

10

 Current-Limiting Fuses (CLF) and High Speed Circuit 
Breaker (HSCB) :
 Different detection mechanisms:

o HSCB: Magnetic
o CLF: Thermal

 Sophisticated arcing mechanism.

MOST IMPORTANT: Likely to break transient
current.

 Downstream HSCB energy limitation have an impact 
on the energy seen by the upstream fuses.

Current-Limiting Fuses vs High Speed Circuit Breaker

HSCB AUX. 
Fuse

Propulsion 
system

Auxiliary 
system

Collector 
shoe fuses

Collector 
shoes 
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Why using a transient analysis tool ?

11

 Effect of the fault circuit L/R ratio on fuse Time-Current 
Curve (TCC)

CLF vs HSCB – Detection mechanism 

Ref. [12] 
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HSCB AUX. 
Fuse

Propulsion 
system

Auxiliary 
system

Collector 
shoe fuses

Collector 
shoes 

Why using a transient analysis tool ?

12
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Case with the HSCB breaking the fault current (with Id= 2000A):
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Building the model

14

DC Traction System Model

SUBSTATION A

SUBSTATION B
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BRIDGE 1
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Substation Model
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Building the model

Mainly based on « Société de Transport de Montréal 
(STM) » 2.5 MW, 750 Vdc, 12-pulse parallel rectifier 
data [11].

nonlinear diode model

+

0
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+
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VM+
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HSCB AUX. 
Fuse

Propulsion 
system

Auxiliary 
system

Collector 
shoe fuses

Collector 
shoes 

16

Car Model
Building the model
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17

Current-Limiting Fuse (CLF)

Fuse Time-Current Curve (TCC) Model (Melting Time):

 1/ ( )m mTr t t dt 
Fuse melting energy
reached when Trm=1

Imes Trip
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Building the model
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Building the model

18
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 What is the RMS current in transient DC? [3]
Current-Limiting Fuse (CLF)
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Current-Limiting Fuse (CLF)

t

R

R0
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T1 T2 Tm 

Fuse arcing model (Piecewise linear increasing resistance):

tfault

ttrip
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Building the model
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20

High Speed Circuit Breaker (HSCB)

HSCB Detection and Opening:
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High Speed Circuit Breaker (HSCB)

HSCB Detection (trip coil):
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Building the model

Ref. [13] 
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Case Study

23

Case #1 – Fault inside vs outside the propulsion system

• In both case, the HSCB clears the fault. 
• Extra damping of the filter inductors increases the fault clearing time.
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Case Study

24

Case #2 – Fault current and HSCB operating time (different location)

• In all cases, the HSCB clears the fault. 
• Track inductance increases the fault clearing time.
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Case Study

25

Case #3 – Different car configurations and operating conditions

• Black: Selectivity of a single fuse in series with the HSCB
• Red, Green, Blue: (4), (2) or (1) fuse sharing the current
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Conclusion

27

• By working closely with transit authority, fuse and HSCB 
manufacturers, the proposed tool could be used by railcar 
design engineers to study the performance of primary power 
protection. 
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