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! Traction Motor
2 Contact system
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Volts Hz Conductors
160 DC third rail Volk's Electric Railway - Brighton, England
Siemens streetcar Berlin-Lichterfelde 1881-1891, current

180 |bC - fed through the running rails!

500 |DC many tram systems

525 DC overhead Bergbahn Lauterbrunnen-Murren

550 DC overhead Snaefell Mountain Railway, Isle of Man

600 DC overhead very common for older tram systems worldwide; still



630
650

725

750

800
825

850

860
900

1000

1125

1200

third rail
DC four-rail
DC third-rail
50 Hz overhead two
3~ wire
overhead
DC
third rail
bottom
contact third
rail
DC third rail
AC third rail
DC . .
third rail
DC
DC
DC - -
third rail
50 Hz overhead two
3~ wire

DC overhead

used in Boston, Melbourne, and Toronto

was used for trams in central London - third rail accessed
via a slot between the tracks

Metro-North Railroad (Hudson & Harlem lines, southern
part of New Haven line), the USA

Southern Railway (some areas up to 1939)

Subways of Glasgow and Toronto

MBTA (Boston) Red Line and Orange Line subways, as
well as part of the Blue Line subway.

Most older US subways, PATH
London Underground
Southern Railway (standard)

Gornergratbahn

most modern tram systems

Albtalbahn, railway of the Upper Rhine, Rhein-
Haardtbahn

local lines of Stern & Hafferl in Austria
Minneapolis/Saint Paul, Minnesota Metropolitan Transit
light rail, Sydney Light Rail

Undergrounds and metros in Russia, Prague, Berlin,
Munich, Nuremberg, Hamburg, Vienna, Lisbon,
Budapest, Bucharest, Copenhagen, Washington, DC and
Montreal

Long Island Rail Road (USA)

Southern Railway (large areas)

SMRT (Singapore)

Kolkata(India) - Third rail top collection

Berlin S-Bahn
Moscow Metro
Local railway Vienna

Southern Railway (original route of Eurostar, pre-CTRL,
upgraded from 750V)

Switzerland (Mobilization)

Switzerland (GFM)

Switzerland (SzU) RhB St Moritz - Tirano
Bay Area Rapid Transit, USA

Jungfraubahn

to 1985 KBE, Cuba (FdeC), Spain (Soller Railway)
900 mm gauge mining railways in the Lusatian brown
coal district



third rail
1350 DC
1500 DC
overhead
2400 DC
3000 |DC
3500 DC oyerhead
wire
3600 50/3 Hz oyerheadz
3~ wire
6000 DC
6250 50 Hz
6300 25 Hz
11,000 |50/3 Hz
11,000 /25 Hz
12,500 60 Hz
variable
frequenc
y overhead 3
15,000 up to 50 |wire
Hz

3~

Hamburg S-Bahn
Manchester to Bury line - obsolete

FART (Domodossola-Locarno)

The Netherlands, France, Slovenia, Czech Republic,
Copenhagen S-Trains, India (Mumbai), DART (Dublin)
Ireland, Japan, Switzerland (BOB, SPB, WAB), Spain
(Catalan Railways, RENFE, Euskotren, FEVE), New
Zealand (Wellington, and formerly Christchurch-
Lyttelton, Arthur's Pass-Otira), Portugal (Cascais Line)
Chicago: Metra Electric District Service (former Illinois
Central Suburban Service)

Manchester - Sheffield - Wath (via the Woodhead
Tunnel) from 1954 to 1981

Tyne and Wear Metro

Hong Kong: MTR
Metropolitan lines in Australia (CityRail in Sydney, New
South Wales and the Melbourne Suburban Network in

Victoria)
SBS Transit (North East Line) in Singapore

Work line of the Lausitzer brown coal AG

rural lines in Poland, Belgium, India (Kolkata) converted
to 25 KV AC, Italy (except Sardinia) (changing to 25 kV
AC), former Soviet Union, Brazil, Chile, North Korea,
Slovakia, Spain (changing to 25 kVV AC), South Africa,
Czech Republic, Croatia (Rijeka-Moravice and Rijeka-
Sapjane lines), Slovenia

Manchester - Bury (- Holcombe Brook) England. In 1918
converted to third rail (see above)

from 1912 to 1976 in upper Italy

attempts in Russia

Factory railway of Rheinbraun AG
Mariazeller Bahn

Rhaetian Railway, Furka-Oberalp-Bahn

Amtrak Northeast (NEC) and Keystone corridors
(Washington, DC and Harrisburg, PA to New York City),
SEPTA, New Jersey Transit, USA

Amtrak NEC and Metro-North Railroad (Queens, New
York to New Haven), USA

trial runs between Zossen and Marienfelde, 1901 to 1904



since 1912 standard system in Austria, Germany,
Norway, Sweden and Switzerland

Hollentalbahn from 1933 to 1960
Japan(East area)

20,000 |60 Hz Japan(West area)

Great Britain, Slovakia, former Soviet Union, Germany,
Hungary, Romania, Bulgaria, France, Greece, Turkey,
Sardinia, Denmark, Australia (Queensland and Western
Australia), China, Czech Republic, India, Iran, Italy (new
installations), Japan (Tohoku-Joetsu-Nagano Shinkansen),
Malaysia (KTM Komuter Service), South Korea,
Portugal, Serbia and Montenegro, Slovakia, Croatia,
Spain (new installations), Finland, South Africa, New
Zealand, proposed Botswana to Namibia line,
Ribelandbahn Harz (Germany)

15,000 50/3 Hz

20,000 50 Hz

25,000 50 Hz

Amtrak NEC (New Haven to Boston), New Jersey Transit
25,000 60 Hz (newer lines), USA, Japan (Tokaido-Sanyo Shinkansen),
South Korea, Montreal (Deux-Montagnes line only)

Pit removal line South Africa, coal removal line at the

50,000 50 Hz Lake Powell, USA
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! Auxiliary system
" traction motor suspension

" Pneumatic braking system

* valves
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Model EL-YP200G
Catenary method Simple catenary line , rigid body wire
Catenary current AC 25,000V
Rated voltage 700A
Operating method Single Arm typed ascend_ing air, self weight
escending
Operating air pressure 5.0 ~ 8.0kgf/cm? (standard 5.5kgf/cm?)
Uplift force .0 + 0.5kgf (standard value : 7.0kgf )
Folded height 555 + 10mm
Minimum height 185mm
Pantograph -
Height Standard height 2400mm
Maximum height 2500 = 50mm
Weight Approximately 120 + 10kg
Ambient Temperature -25 ~40
Operating speed 200km/hr
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Catenary method Simple catenary line
Catenary voltage AC 25,000V
Rated current 500A (Peak : 1000A)
Operating method Single Arm type. ascending air, descending spring
Operating air pressure 4.5 ~ 6.5kgf/cm? (standard 5.5kgf/cm?)
Uplift force 7.0 £ 0.5kgf (standard value: 7.0kgf )
Folded height Omm
Pantograph Minimum height 100mm
Height Standard height 2500mm
Maximum height 2700mm
Weight Approximately 120 + 10kg
Ambient Temperature -25 ~40
Operating speed 350km/hr
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!Back up Braking
? Regeneration braking-
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2 Substation

¥ Over Head Contact System
* Traction post
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! Traction Substation

2 Sectioning post

® Paralleling post

* Electromagnetic interfrence
® Booster transformer post

® Auto transformer post
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! Contact system

2 Over head contact system
* Third rail

* Subsectioning post
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! Overhead Contact System (OCS)
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! pantograph

2 Catenary supports
® Insulators

* Clamp

® Contact wire

® Measanger wire

" Drooper

® Phase break
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! Circuit breakers
2 \Vertical clearance
3 Lateral clearance
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! pantograph

? Sag

¥ Measanger wire
* Phase break
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! Surge arrester
2 Static clearance
® Dynamic clearance
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% automatic block
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! Messenger wire
2 galvanized stranded-steel wire
® Aluminium steel rainforced (ACSR)
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! Lateral wave propagation velocity
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New York Subway cast steel truck showing shoegear equipment. The shoe is the
top contact type, radially mounted to fit under the third rail cover. The pigtail is a
copper braided cable which connects the shoe to the shoe fuse. The height of the
shoe is adjusted by raising or lowering the shoebeam. This allows compensation for
wheel or shoe wear. A hole inthe shoe is provided for a "stinger™ pin to be inserted
inthe shed. The stinger provides a shore supply for the car. Only the weight of the
stinger keeps the pin in the hole. Crude but effective.
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O Sarme 93 5 Sy b glajlld 5o 55550 2515 e Slirl Dlaseln V-V g

[No.| Code Description & type Technical data Supplier
1 | SG1 ~ 4 | Current collector [
2 | FU1 ~ 4 | High voltage fuse CCC
3 | XS1 ~ 2 | High voltage socket DCT50V, 300A CCC
4 | Q81 Reverse switch DCT50V, BOOA XEMW
5 | RAl~2 | Auxiliary resistor DC 750V, 20, 3kW XEMW
6 | RD Current-limiting resistor DC750V, 2. 400, 4kW XEMW
7 | QF, Quick switch QDS3—2 DC750V, S00A/110V, 490kFa | XEMW
8 | Q5 Earth switch DC 750V 800A XEMW
9 QR Reverse change —over switch DC 750V, 500A/DCLIOV, 480kPa | XEMW
10| QT Change —over switch for traction and braking | DC 750V, S00A/DCI10V, 490kPa | XEMW
11 | MG1~4 | Traction motor 2Q —132 132kW,DC750V/2,390A 1580r/min | XKEMW
12 | LS1 ~ 2 | Induction shunt QXF 3—1. 4mH X2, 150A ' XEMW
13 | KS1 ~ 2 | Shunt resistor 0. 05450, 150A XEMW
14 | RO ~ 4 | Starting and braking resistor 3. 2800, 342kW XEMW
15 | LF1 Smooth reactor QXP3—1 4mH, 530A XEMW
16 | 5V1 ~ 6 | Voliage sensor XEMW
17 | SC1 ~ 4 | Current sensor r XEMW
18 | 5V7 Voltage sensor CCC
18 | SC5 Current sensor CCC
20 | SA3I Limit switch DC 220V, 5A XEMW
21 | KE.KL | Grounding relay QJJi=1 DCTS0V, 0. 15A =~ 0. 2A XEMW
22| VD Block diode ZP800~3000 £00A 3000V XEMW
23| R —C | VD Absorber _ XEMW
24 | AC Chopper QBZ39 — 1 528kW, DC750V 125Hz, 1300A | XEMW
25 | VT1~2 | Thyristor S00A . 2500V XEMW
26 | QF2~QF3 | Quick switch QDS6=1 ' DCT50V, 600A/DCIIOV, 490kPa | XEMW
27 | KP1 ~ 2 | Electropneumatic contactor QCK10—1 | DC 750V, 900A/DC110V, 450kPa | XEMW
28 | KP4 ~ 6 | Electropneumatic contactor QCK10—2 | DC 750V, 600A/DCI10V, 490kPa | XEMW
Description & type Technical data Supplier
Electromagnetic comtactor QCCI—3 DE750V 300A/DC1IOV XEMW
Grounding device QYJ1 =1 180A %2 XEMW
Pre—exclting tranalormer SK—0, 5 0, SkVA 3~220V/2x3 ~ 10V | XEMW
Pre—exciting reetifier block XEMW
Current —limiting resistor XEMW
Auxilinry charging contctor =220V, aturacrive rqu!: DOV | XEMW
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Simplified schematic diagram at braking mode
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