
Crocodiles
ÅThe Remarkable Story of the Swiss Electric 

Locomotives



Crocodiles

This illustrated talk will explain the Swiss motivation to rapidly electrify 
their national railway network, challenges presented to deliver suitable 
electric locomotives resulting in the iconic Crocodile and the resources 
available to model railroaders.



Crocodile 
Ce 6/8ii 

#14274

Summer 1963 with a 
through freight train at 

Yverdon station



ÑőĲШÉƽŔƚƚШљuƖŸťŸĬŔũњШы9ƖŸĦŸĬŔũĲь

In 2019 the locomotive that came to be nicknamed and 
ĤĲũŸƻĲĬШĤǃШƖċŔũƽċǃШŉŸũťШљuƖŸťŸĬŔũњЯШĦĲũĲĤƖċƣĲĬШŔƣƚШĦĲŰƣĲŰċƖǃ

How did this early 20th century marvel of electromechanical 
engineering come into existence and for what purpose?

First let us remind ourselves about Switzerland and helpful 
ċĤĤƖĲƻŔċƣŔŸŰƚШвЮЮ



Introduction to Switzerland

Officially the Swiss Confederation
Landlocked country located at the 
intersection of Central, Western, 

and Southern Europe

Bordered byGermanyto the 
north, Franceto the 

west, Austria and Liechtenstein to the 
east, andItaly to the south

Switzerland is geographically divided 
among theSwiss Alps, theSwiss Plateau, 

and theJura Mountains
Alps cover most of the country's territory

Majority of itspresent day 9 million 
people are concentrated on the plateau, 

which hosts many of thelargest citiesand 
economic centers, 

including Zurich, Geneva,Basel,Bern,La
usanne,Winterthur, andLucerne





Present Day 
Swiss 
Standard 
Gauge 
Mainlines



Present Day 
Swiss Metre 
Gauge 
Mainlines



Introduction to Swiss Railway 
Terminology



Abbreviations

AC тAlternating Current

BBC AG тBrown Boveri & Cie, Baden, 
Münchensteirn, Oerlikon, later Bombardier

DC тDirect Current

Hz тstandard unit of measurement тcycles 
per second



Abbreviations

MFO тMaschinenfabrik Oerlikon, 
Zürich Oerlikon, later Bombardier

SBB тSchweizerische 
Bundesbahnen 

SLM тSchweizerische Locomotiv т
und Maschinenfabrik, Winterthur, 
later Bombardier and Stadler



Explanations

Inductive shunts тmanage AC current flow

Jackshaft - used in locomotives to transfer and redirect 
rotational power from an engine's crankshaft typically in 
line with the drive axles connected to them byside rods

Lay shaft тintermediate shaft within a gearbox

Side (Coupling) rod тconnects the driving wheels



Whyte 
Classification



Swiss 
Locomotive 

Classifications 
(Traditional)

ÅEmployed a series of letters and numbers. Some 
examples:
ÅR = max speed over 110km/h (68mph), A = 85-110 

km/h (52-68 mph), B = 70-80 km/h (43-50 mph), C = 
60-65 km/h (37-40 mph), D (replaced F) = 45-65 
km/h (28-40 mph)
ÅG = Narrow gauge adhesion locomotive, H = Rack 

fitted, A = Battery powered, e = Electric powered, 
em = Electric & Diesel powered
ÅNumbered of powered axels shown against the total 

number of axels т4/7 means 4 powered out of a 
total of 7
ÅRoman numbers i, ii, iii, iv used in superscript after 

the axel count to  indicate differences in 
construction in same series 
ÅExamples: Fc 2x3/4 (later Ce 6/8i ), Re 4/4i, HGe

4/4iii, 



Coming of railways

Swiss were slow to start a railway 
network

First route wholly within 
Switzerland opened in 1847



Schweizerische Nordbahn - 1847



Spanisch-Brötli



Spanisch-Brötli-
Bahn



Coming of railways

Swiss quickly understood the properly planned national 
network

1850 Robert Stephenson (son of George) 
commissioned to plan a base network running 
south-west to north-east through most 
populated area



Robert Stephenson 
1803 - 1859



Coming of 
railways

1902 and 1909

Larger system nationalized 
between 1902 and 1909

1904

committee starts studying 
electrification systems 
available

1912

reports back 
recommending 15 kV, single 
ƓőċƚĲШљċĤŸƨƣШΝΡШĦǃĦũĲƚњШШ
(cycles per second or hertz)



Coming of 
railways

During the period of committee deliberations

иMFO carried out trials 15kV 16 2/3rd cycles trials on the 
Seebach-Wettingen line near Zurich and 
иLargest independent Bern Lötschberg Simplon (BLS) main 

line

After a hesitant start, SBB adopted 15kV 16 2/3rd

cycles

[ŸũũŸƽŔŰŊШƽċƖќƚШĲŰĬШŔŰШΝΦΝΥЯШŉƖĲŔŊőƣШƣƖċŉŉŔĦШƚŸŸŰШ
exceeded pre 1914 levels resulting in the urgent 
need for powerful locomotives



Swiss Steam 
9ũċƚƚŔĦШċƣШìċƖќƚШEŰĬ



Swiss Steam 
9ũċƚƚŔĦШċƣШìċƖќƚШEŰĬ



Steam to 
Electrification 

motivation

Motivated by the lack of coal for steam 
locomotives and the desire to use an 
abundance of naturally available 
hydroelectric power, SBB electrification 
moved at considerable speed 

7ǃШĲŰĬШŸŉШΝΦΠΜќƚШƻċƚƣШůċŢŸƖŔƣǃШŸŉШÉ77Ш
network was electrified, with only  a few 
routes retaining steam until 1960



Railway 
Electrification

Most early electrification schemes 
involved suburban or 
underground railways

Easily-controlled, low voltage, 
direct current to trains relatively 
simple, efficient robust DC motors

Substations house transformers, 
switch-gear, other equipment to 
convert AC to DC



Railway 
Electrification

Significant disadvantage  - need to feed overhead 
wires through large trackside substations every 
12km (7.5 miles) or so for a 1,500-volt system

Early substations housed continually manned 
rotary converters

Requires high-voltage main laid beside railway

Suburban electrification schemes not suitable for 
challenging alpine environment 



Railway 
Electrification 

- Solution

Solution chosen was alternating current (AC) at higher 
voltage (15,000 volts 16 2/3 Hz or - Cycles per second)

Simplified trackside installations eliminating AC to DC 
conversion

Extended trackside intervals to 35 km (22 miles)

Voltage reduced on locomotive suitable for traction 
motors

Controlled by varying the coils on a transformer -љÑċƓ-
ĦőċŰŊŔŰŊњ

Disadvantage тmotors larger and less efficient 



16 kV 2/3 Hz 
Railway 

Electrification

Developed in German-speaking countries to overcome 
the technical limitations of early AC motors allowing 
them to operate at low speeds

Established as exactly one-third of the European 50 Hz 
national grid frequency

Simplified the construction of rotary converters used to 
convert grid power to railway power

Allowed for better commutator motor design

Adopted in Germany, Austria & Switzerland



Early Swiss 
Electric 

Locomotives

Derived their mechanical construction from steam 
locomotives

Relatively large coupled driving wheels

Pony axel trucks to reduce axel load & guide locomotive 
through curves тsignificant challenge in alpine 
environment

Transformer and motors housed within a body mounted 
on a frame

Pairs of motors geared to a common lay shaft, 
connected to coupling rods



Early Swiss 
Electric 

Locomotives

Powering through rods has disadvantage 
can only transmit horizontally so power 
rises and falls with each wheel rotation

Mitigated by placing rods one side of 
locomotive at 90 degrees to other side, 
careful to ensure always have tractive force

This led to the development of Büchli drive 
to enable constant driving force throughout 
each revolution of the wheels

For a time, Büchli drive had a competitor 
Tschanz system but not adopted in 
Switzerland apparently on ground of weight



Büchli drive

Gear wheelis securely fixed to thelocomotive 
frame

Inside this gear wheel are two levers, coupled to 
gear segments that mesh with one another

The other end of the levers is coupled viauniversal 
joints to tension bars, which are then coupled via 
more universal joints to the driving rail wheel

Disadvantage of the drive was the large number of 
moving parts, which demanded 
frequent lubrication and careful maintenance



Büchli drive



SBB in search 
of electric 

locomotives

There was no time for extensive prototype 
testing

Four Prototype locomotives ordered in 1917

The solution produced for the heavy freight (4th
prototype) proved a design masterpiece and an 
instant success for over half century of service

Helpful to first understand traditional Swiss 
xŸĦŸůŸƣŔƻĲШ9ũċƚƚŔŉŔĦċƣŔŸŰƚШвЮ



SBB orders 
four 

prototypes in 
1917

The four prototypes in order

Fb 2x2/3 11301 Be 3/5 12201
Fb 2x2/3 11302 

later Be 4/6 
12302

Fc 2x3/4 12201 
became Ce 
6/8i 14201

The year is significant since SBB 
were under considerable pressure 
to handle the rising traffic demand 



SBB orders 
production in 

1917

Time pressure required 
production ordering before the 
prototypes were delivered!

With the speed of electrification 
in the 1920s, saw the SBB order 
some 480 electric locomotives 
across a dozen designs



1st of the four 
prototypes

First Built by SLM with electrical equipment by from MFO 
[ĤШΞǂΞоΟШΝΝΟΜΝШƨŰŸŉŉŔĦŔċũũǃШťŰŸƽŰШċƚШƣőĲШљ?ŸƖǃƓőŸƖĲњШ
(Potato Beetle) as had small bonnets at the outer ends

Built by SLM with electrical equipment from MFO

Be 4/6i format

Went to Bern for trials as an express passenger locomotive







Fb 2x2/3 
11301 (Later  
Be 4/6 
12301)



2nd of the four 
prototypes

Supplied in 1919 was Fb 3/5 11201 
later known as Be 3/5 12201

Also made by SLM/MFO

Also tested between Bern and Brig then 
transferred to the Gotthard

ÖŰŸŉŉŔĦŔċũũǃШŰċůĲĬШљxċŰŊƚċůĲШ7ĲƖƣőċњШ
(Slow Bertha)

Lived to be finally scrapped at Yverdon 
in 1973



Fb 3/5 
11201 (Later 
Be 3/5 
12201)



3rd of the four 
prototypes

Built in 1919 designated Fb 
2x2/3 11302 later Be 4/6 12302

Built by SLM with electrical 
equipment by BBC

Unlike 11301/12301 had full-
length, full-height body



3rd of the four 
prototypes

Transformer was housed in a cabinet without 
cooling fins; rather hot oil was pumped through 
long pipes running length of locomotive

Said to waddle at high speed!

Scrapped in 1965 following short-circuit in the 
transformer




