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Stainless steel railcars
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Budd Company, US

1946 — 1979, ~40% of
11,000 railcars
purchased for

N.America were
stainless steel

1984 — 1990, ~50% of
13,000 passenger
railcars produced in
@SRy \ Japan were stainless
= il sta teel
> BC Rail stainless stee
X steel passenger .
railcars, designed Stainless steel
by Budd Company, nssed in deci
operating in
Canadian Rocky
Mountains

In 1951 Comeng imparted three Budd RDCs for the Commonwealth Railways, This unit is seen at Pimba in 1971 on a Port
Augusta-Woomera service.




1992 1993 1994 1995

Stainless Steel M Aluminum

14 Carbon steel for Shinkansen
Carbon steel for 283 (now ceased)
ordinary lines

Stainless steel
Aluminium for 267 778 for ordinary lines
Shinkansen

Aluminium for
Ordinary lines 307




Coach

High speed railcars

Intercity railcars
Commuter railcars
Heavy railcars
Light railcars
- stainless steel is used for them all

Coach- Baggage




Three of 195 stainless steel, bi-level,
intercity passenger railcars delivered by
Bombardier Inc. to Amtrak, c. 1995
— photographed in Chicago
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AMTRAK

The US national intercity railroad system

X2000 high
speed train
which operates
between Boston
and Washington
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Sweden’s X2000 high speed train - now about 15
years old. More than 250 cars were made.

Oslo - Gardemoen
airport train

Designed to withstand
a 9 megajoule collision

Made of cold worked Type 304 stainless steel with a
yield strength of 450 - 550 MPa

38 tonnes of stainless steel per trainset- 26 mlon g
Exterior cladding: 2.5 mm, polished 150 grit finis  h
Structural beams: 2 - 6 mm 2D finish
Wall, floor and roof sections are spot welded by ro bots
Modules are manually assembled by spot welding
Only the heavy, complex beams are arc welded
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Channel tunnel train

During manufacture

by Bombardier
Stainless steel was chosen because of:
Fire resistance
Marine corrosion
resistance
Weight saving
New York City

These stainless steel subway cars
have been in service since 1982




New York City area

Long Island Rail Road MTA
Stainless steel commuter car

Boston

High capacity double decker
stainless steel coaches




Dallas / DART

Various stainless
steel commuter cars

Washington, DC / METRA

Double decker stainless steel
commuter cars




Japanese Railways
commuter train, Tokyo

Stainless steel railcars
are used around the
world, both above

ground and below Victoria State Railways
commuter train

Australia
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Tangara train, Sydney, Australia

Type 301LN
stainless steel
with a matt
finish from shot
blasted rolls

Monocoque
construction

Spot welded and adhesive bonded — some of the side
panels have been stuck on with 3M double sided tape
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Australian double-deck EMU

C-301 stainless steel railcars operated by the
Department of Rapid Transit Systems
Taipei Municipal Government
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Metro railway seating,
handrails and fittings

Berlin underground

Hong Kong
Mass Transit Railway

Effect of cold work on mechanical properties of
Type 301 stainless steel

AISI and SSINA publication:
Design Guidelines for the Selection
and Use of Stainless Steel

The strength of
austenitic stainless
steel increases very

rapidly with cold work

This is used to
increase the strength
of stainless steel sheet
in the rolling mill by
temper rolling

1022

12



When stainless steel is used in a stressed
application such as a railcar, there are two main
characteristics to select:

Grade Temper
Annealed
Type 301L v, hard
Type 301LN v, hard
Type 304L v, hard
Type 201L Full hard

Mechanical properties of Types 301 and 304
stainless steel for railcars

Both Types 301 and 304
are used for railcars

Both can achieve
adequate strength but
Type 304 requires more
cold work than Type 301
to achieve the same
strength level

Type 304 is often more
readily available in the
numerous shapes and
sizes required to make a
railcar

NiDI publication 13006
Development of stainless steel railroad cars inJap  an
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Advantages of stainless steel railcars

Improved crash and fire safety
Light weight
Longer service life
Lower maintenance
Less environmental impact
Lower life cycle cost
Looks good
Excellent workability and weldability
Can be renovated

Improved crash and fire safety

» Stainless steel absorbs energy better than alumini um
or carbon steel:

— High yield strength
— High rate of work hardening
— High ductility
» Electrified lines can cause short circuiting and ar cing:
— Stainless steel is more resistant to heat generated
» With fire external to the railcar:

— Stainless steel has low thermal conductivity,
minimising heat flow through walls and allowing
passengers time to escape

— Because of its high temperature strength, stainless
steel maintains structural integrity for longer
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Test of spot-welded section

Correct design and
From Nex & Smith, NiDI 14046 fabrication leads to welds
which do not fail

Energy absorption

» The energy
absorbed
during plastic
deformation is
proportional to
the area under
the stress-
strain curve
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Crash safety

Because of its high yield strength, high rate of wo rk
hardening and excellent ductility, stainless steel h as
better energy absorption properties than either
aluminium or carbon steel

This crash, in Australia in 1975, illustrates how
damage to the stainless steel railcars has been
contained within localised areas because of the
energy absorbing properties of stainless steel.

Channel Tunnel fire, 1996

» Stainless steel
resists total
collapse.

From Channel Tunnel Safety Authority report
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Swedish X2000 high-speed train operating in Toronto

Analysis showed the stainless
steel version was about the same
weight as the aluminium design
- and possibly slightly lighter.
Aluminium has low density but
also low modulus of elasticity and
S0 must be stiffened.

Each car uses
~9 tonne of
Type 304
stainless steel
for both body
shell and
structural
elements

298

Comparison of structural mass per carriage with
different structural materials

m Bogies
Outfittings and others
Structural members

Ordinary Aluminium Stainless
steel carriage steel
carriage carriage

Steel Today & Tomorrow  November 2001
The Japan Iron and Steel Federation

921
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Stainless steel railcars need less maintenance

e Stainless steel does not need painting or repaintin g

e Graffiti is more easily removed

e Smooth, corrosion resistant surface good “cleanability”
e Because of work hardening, it is very dent resistan t

* Impact damage is localised so sections can be repla  ced

* Very little repair work is required at periodic and even
major overhauls

e Stainless steel is very corrosion resistant - most v aluable
in warm, coastal areas

e Aluminum is prone to galvanic corrosion. Stainless steel
does not suffer galvanic corrosion. (but insulate i t from
other materials to prevent their corrosion)

e Older aluminum cars can suffer fatigue. Stainless steel
can operate under the fatigue stress limit.

Budd railcar, built 1962: in New Hampshire, 2000
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VIA Rail
Canada

Refurbishment of 181 stainless steel
railcars manufactured by Budd ~1954

After >40 years continuous service the
stainless steel was in excellent
mechanical condition and almost free of
corrosion, including spot welds

Original grade: 201
Frame repairs: 301L

Skin and other
non-structural
repairs: 304

Refurbishment of
stainless steel railcars
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Refurbishment of
stainless steel railcars

Typical actual service life

Carbon steel 20 - 40 years

Aluminium 25 - 40 years

Stainless steel p to 80 years

VIA Rail canada’s national intercity passenger rail service

Overhaul:
157 Canadian Pacific cars, built 1954 - 1955
24 cars purchased 1946 - 1963

The cars required:
Minor repairs to skin and interior
Minor structural repair
Some modifications
Replace heating, cooling, electrical, control syste ms

Refurbishment New railcars
CDN $1.0 million / car CDN $3.9 million / car
40 - 50 years old 15% lighter

Potential: 40 years
Expected: 15 years
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Hitachi train back in service, Australia

Put into service in 1960s but recently brought back from retirement

Railcars for metros and high-speed trains
LCC comparisons in Japan and Sweden

Japanese commuter Carbon . Stainless steel
train steel Aluminium (Type 316)
Material cost 1.0 3.3 2.2
Total initial cost
(material + production) 1.0 L7 107
Maintenance cost 1.0 0.4 0.07
Life Cycle Cost 1.0 1.1 0.7

Swedish X2000 high-speed
train. LCC analysis
comparing stainless steel,
carbon steel and aluminium
also showed stainless steel
to be the lowest cost option
over the life of the railcars

X2000 stainless

steel carriage

framework and

wall cladding

LCC - ANEW APPROACH TO

Avesta Sheffield:

MATERIALS SELECTION
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Life Cycle Costs
[Cabonsieel _[Stanless sieel _Auminium
86 92 142

Initial cost

Annual costs for 9 1.4 5.4
30yrs

10 yr 22 0.2 3.1
maintenance

20 yr 73 0.9 7.1
maintenance

Operating costs 104 2.5 15.6
Power savings 0 -10 -10
Net operating 104 -7.5 5.6
costs

Overall total 190 84.5 147.6
cost

Based on Hatono, NiDI 13006, USD 000s at 1991 values

Note strong influence of maintenance and operating costs. The
financing mechanism and period is thus crucial to the material choice.

Life cycle and energy

90% of the energy is used during operation so there is a
major benefit from lightweight construction
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_Stainless_ ste_el
railcar fabrication

Robotic and manual
spot welding has
been widely used.

Now laser welding is

being introduced to

minimise thermal
distortion, produce a
smooth panel surface

and reduce costs

Railcar door and floor problems

* Doors

Delamination of paper honeycomb due
to moisture
jamming of doors

* Floors

Rotting of plywood floor due to water
penetration
softening of the floor
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Solution:

Stainless steel honeycomb core faced
with stainless steel sheet
Core not affected by water or condensation
No corrosion and so no expansion
No more delamination in doors
No more rotting in floors

Added benefit for floors:

Stainless steel honeycomb is 40% lighter
than plywood

China, Beijing metro car

China is using stainless steel in all aspects of its railway
improvement.
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China, Harmony EMU high speed railcar

Over 1000 railcars are under design, development or
manufacture, and in use.

Coomera station, Australia
Stainless steel furniture, gutters etc for
reduced maintenance

There is only a two hour window during the night to do the
actual maintenance work if the electricity has to be turned
off. Low maintenance is essential
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Coal wagon, Australia, 3Cr12

Unpainted ferritic stainless steel coar wagons have
been a bit success in Australia

Coal wagon, India in 3Cr12

India is now making major use of stainless steel for
wagons and railcars
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India’s first all-stainless steel coach

Built by Integral
Coach Factory,
Chennai

November 1999

Each coach uses 11 tonnes
of Type 301 stainless steel
for frame and shell

Over an average life of 25
years, carbon steel
coaches receive corrosion-
related repairs 2 or 3 times

DMRC coach from India
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Hyderabad Interior

Stainless steel has been used for side wall panel, roof
panel, end wall panel, flooring in vendor’s compartment
and luggage rack.

Mumbai Rail interior
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Stainless steel railcars produce less
Impact on the environment

» Lightweight stainless steel railcars
consume less energy - especially with
stop / start commuter trains

» Long life of stainless steel means less
need for new materials of construction
» Stainless steel does not need painting:
— Less consumption of new paint
— Less pollution from organic solvents
— Less disposal of old paint

» Stainless steel is 100% recyclable

Today'’s kitchen sink may be tomorrow’s railcar
and vice-versa

Conclusions

» Stainless steel railcars have a long track _
record - 75 years - of excellent pefformance in
many countries

« Stainless steel is readily formed and welded
into cost effective railcars

* Innovative, lightweight designs are possible

« Stainless steel railcars require minimal _
maintenance and last for many decades with
low life cycle costs

www.hickelinstitute.org
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