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Back in 1959, AEI completed delivery of the first 
Type ‘A’ 25kV a.c. electric locomotive for British 
Railways. 

60 years ago on the 27th Nov�ember 1959, 
Britain's pioneer 25Kv A.C. electric locomotive 
was officially handed over to British Railways. 
Then numbered E3001, it �was to be the first of a 
long series of successful �locomotive designs for 
the West Coast Main�Line (WCML). Within this 
series there have� come to be seven basic designs, 
and a number of sub-divisions of the classes ALl to 
AL7.  Although the last of these was never actually� 

introduced under the old title of AL7, 
but� designated Class 87 with the new 
"TOPS"� locomotive codes, the family 
likeness remains� very strong despite 
the detail alterations to the appearance 
of the latest type. 

Then, in the early 1980s, some 10 
years after the Class 87 appeared, BR 
were looking for new high-speed and 
‘mixed traffic’/freight locomotives, and 
the detail, design and technology 
differences between first and second 
generation types began to appear.  The 
early 1980s saw a possible move away 
from the simple, Bo-Bo designs of the 
early years, with Brush offering a 6-
axle design, and GEC Traction a very different 
design, and intended for use with trains of tilting 
coaches.  Alongside these the adoption of new 
drive technology in a fleet of what became Class 
87/2, could be said to be the last of the pioneering 
a.c. locomotive fleet on British Rail.  

The choice of 25kV a.c. electrification to be used 
on B.R. was the subject of exhaustive investigation 
and comparative examination with other 

arrangements.  Indeed, as there was no A.C. 
overhead� line in regular operation, B.R. decided in 
1951�to convert the Lancaster. - Morecambe -
�Heysham section to 50 cycle, 6,600 volt, to� 
evaluate the potential. The only alternative to �an 
untried A.C. system was the l500v D.C. 
arrangements favoured by the former LNER for 
its Manchester - Sheffield - Wath and Liverpool St. 
- Shenfield lines.  
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However, by the time of the 
announcement in 1955 of B.R.'s 
multi-million pound modernisation 
and re-equipment programme, a 
not inconsiderable degree of 
experience of operation of an AC 
system had been acquired.  It was 
perhaps the potential f the system, 
using 25,000V from the National 
Grid, rendering it economically 
superior to the D.C. system that 
finally won the day.  

 

The decision was announced on 
6th March 1956, that 25Kv A.C. 
would be the system of 
electrification used by British 
Railways on the WCML between 
London(Euston), Manchester and 
Liverpool, and additionally on the 
East Coast Main Line (ECML), 
between London (King's Cross) 

and York and Leeds.  The optimism 
generated through the 
Modernisation Plan for the 
electrification of two main routes 
was relatively short lived however. 
By 1959, it was seen that this 
would not be possible within the 
time limits proposed in the 1956 
White Paper, and consequently a 
re-appraisal of the Modernisation 
Plan provided for the introduction 
of diesel � traction "without 
prejudice to eventual electrification” 
on the main line where this was to 
be deferred.  The main line where 
this deferral took place was of 
course the East Coast Main Line 
(ECML). 

 

 

 

The original E3100 on a test train.  This was the first loco to include 
silicon rectifiers, in place of the old mercury-arc variety. 

Type AL5 (Class 85) No. 85034 on a Glasgow bound service at Lancaster 
in 1979, some 5 years after the WCML services were electrified 

throughout. 
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Leading Dimensions – The Famous Five 

Class AL1 AL2 AL3 AL4 AL5 

Running Numbers      

Original  E3001-3023; 
E3096/7 (i) 

E3046-55 
E3024-35; 
E3303-5 (iii) 

E3036-45 E3056-3095 

TOPS  81001-22 82001-8 (ii) 83001-15 84001-10 85001-40 
Overall Length  56ft 6ins  56ft 6ins  52ft 6ins  53ft 6 ½ ins  56ft 6ins  
Overall Height  12ft 4 1/4ins  12ft 4 1/4ins  12ft 4 5/8ins  12ft 4 1/4ins  12ft 4 1/4ins  
Overall Width � 8ft 8 1/4ins 8ft 8 1/4ins 8ft 8 1/4ins 8ft 8 1/4ins 8ft 8 1/4ins 
Wheel arrangement  Bo-Bo Bo-Bo Bo-Bo Bo-Bo Bo-Bo 
Total Wheelbase 42ft 3ins 42ft 3ins 40ft 0ins 39ft 6ins 42ft 3ins 
Bogie wheelbase  10ft 9ins 10ft 9ins 10ft 0ins 10ft 0ins 10ft 9ins 
Bogie pivot centres 31ft 6ins 31ft 6ins 30ft 0ins 29ft 6ins 31ft 6ins 
Wheel diameter  4ft 0ins 4ft 0ins 4ft 0ins 4ft 0ins 4ft 0ins 
Maximum service speed  100 m.p.h. 100 m.p.h. 100 m.p.h. 100 m.p.h. 100 m.p.h. 
Weight in working order  80 tons 77t 9c 74t 10c 77 tons 79t 13c 
Maximum axle load  20tons 19t 11c 18t 16c 19t 5c 20 tons 
Max. Tractive effort 50,000 lb. 50,000 lb. 38,000 lb. 50,000 lb. 48,000 lb. 
Maximum HP  4,800 5,500 4,400 4,900 6,100 

 

 

 

 

 

 

In 16 years, between 1957 and 1973, British 
Railways took delivery of 7 classes of AC electric 
locomotives, all with a Bo-Bo wheel arrangement, 
and weighing around 80 tons.   

In 1957, Metropolitan-Vickers had converted its 
prototype gas-turbine loco into a 2,500hp straight 
electric, and renumbered E1000 for trial running 
on the London Midland Region.  This was also 
allocated the TOPS classification as Class 80, and 
was the only AC type with three axles.   

The conversion of the gas turbine was essentially a 
strip out of the original power unit, replacing that 
with a transformer and mercury-arc rectifier, to 
drive the DC traction motors.  Only 4 motors 
were fitted, and the wheel arrangement became 
A1A-A1A, instead of the Co-Co form in its 
original layout.  The driving cabs were modified to 
standard BR left hand drive, from the Western 
Region’s right hand drive, and by the time the first 
of the new design of BR standard AC electric 
locos were delivered and operational, the test 
loco had been renumbered E2001.  Its main role 

was that of a test bed for the overhead contact 
system, and driver training, until it was withdrawn 
in 1968 and scrapped.  By that time, the new 
‘electric blue’ locos were in full operation – well, 
all except the final series, the Class 87. 

It is surprising that the converted gas-turbine was 
fitted in 1957 with the mercury-arc rectifiers, 
since 4 years earlier, BTH (later part of 
Metropolitan-Vickers/AEI) had successfully tested 
a semi-conductor rectifier on the Lancaster to 
Morecambe line. 

Under the Modernisation Plan proposals it was 
decided that two types of locomotive – 'A' and 'B' 
– would be required. These were for mixed traffic, 
and freight service, respectively, with an equal 
number of both types needed, with their different 
haulage characteristics.  This was not how things 
turned out, with the slower progress in the 
adoption of continuous brakes on freight trains, 
only five of the first 100 locomotives were type 'B', 
freight types.  Metropolitan Vickers and BTH (as 
AEI), and English Electric were the builders of this 

(i) The two of Class AL1 locos E3096/7 were renumbered E3301/2 but never carried them. 
(ii) (ii) Two of Class AL2 were scrapped before the TOPS numbering came in, these were numbers 

E3046 & E3055.  
(iii) (iii) The Class AL3 locos carrying E33xxx numbers were converted from type B to Type A and 

renumbered E3098 etc. 
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entirely new breed of motive power, with 
mechanical portions of some constructed at BR's 
Doncaster Works, and the North British Loco 
Co., in Glasgow.   

Irrespective of type, all the locomotives were 
rated initially at 3,300hp, and were built mainly by 
Metropolitan-Vickers/BTH (as AEI), and English 
Electric, with mechanical portions of some 
constructed at BR's Doncaster Works, and the 
North British Loco Co., in Glasgow.   

Beyer Peacock, Birmingham Railway Carriage & 
Wagon Co., and Vulcan Foundry (as part of 
English Electric) built all bar 40 of the bodies for 
these first locomotives. 

AEI's BTH Rugby Works had by far the lion's 
share of the orders for electrical equipment, and 
acted as main contractor on class AL1 and 
principal sub-contractor for AL5.  The latter, 
which began to appear from 1960, were 
constructed at BR's Doncaster Works, and were 
the first BR electric locomotives to be equipped 
with the new semiconductor, germanium rectifiers.  

However, this was not the first proposal to fit 
semiconductor rectifiers, since English Electric had 
proposed to BR in 1959, just such a scheme to 
replace the mercury arc rectifiers being supplied 
on the class AL3 locomotives it was building, with 
silicon semconductors. The BTC agreed to the E.E. 
Co. idea on a pair of locomotives, with the 
proviso that rheostatic braking being included.   

The latter could not be done since construction 
was too far advanced on the class as a whole.  
Simple replacement of the mercury arc with 
silicon rectifiers was not approved by BR, but one 
locomotive in the class was chosen to become the 
test bed for a technically more involved project, 
the fitting of a silicon rectifier/transductor control 
system. 

The list below details the original order from BR 
to the railway industry, for 100 new a.c. electric 
locomotives: 

 

 

 

Main Contractor Mechanical Parts Locomotive Type Class No. Supplied 
AEI/BTH B.R.C.& W. Co. A AL1 23 
AEI/BTH B.R.C.& W. Co. B Absorbed into class AL1 2 
AEI/M-V Beyer Peacock A AL2 10 
E.E. Co. Vulcan Foundry A AL3 12 
E.E. Co. Vulcan Foundry B Absorbed into class AL3 3 
G.E.C. N.B. Loco. Co. A AL4 10 

AEI/BTH BR (Doncaster) A AL5 40 
 

 

 

 

 

 

 

 

 

 

 
The Class 84 was one of the 
last main line locomotive 
classes for any railway. 
Here, 84010 is seen passing 
Lancaster in 1979 with an 
empty coaching stock 
working. 
 
Photo: RPB Collection 
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Leading Dimensions – The Next Generation 

 

Class AL6 AL7 Class 89 
Class 90 
(87/2) 

Class 91 

Running Numbers      
Original  E3101-3200 Never applied    

TOPS  

86001-39; 
86101-3; 
86204-261; 
86311-29 

87001-35; 
87101 

89001 90020-50 (i) 91001-31 

Overall Length  58ft 6ins 58ft 6ins 64ft 11ins 61ft 6ins 63ft 0ins 
Overall Height  12ft 4 1/4ins  12ft 4 1/4ins  12ft 6ins 13ft 0 ¼ ins 12ft 4ins 
Overall Width � 8ft 8 1/4ins 8ft 8 1/4ins 8ft 11 ½ ins 9ft 0ins 9ft 0ins 
Wheel arrangement  Bo-Bo Bo-Bo Co-Co Bo-Bo Bo-Bo 
Total Wheelbase 43ft 6ins  49ft 6 ½ ins 43ft 6ins 44ft 5 ¼ ins 
Bogie wheelbase  10ft 9ins 10ft 9ins 14ft 5 ins 10ft 9ins 12ft 0ins 
Bogie pivot centres 32ft 9ins 32ft 9ins 35ft 9 ¼ ins 32ft 9ins 34ft 5 ½ ins 
Wheel diameter  3ft 9ins 3ft 9ins 3ft 6 ½ ins  3ft 9 ½ ins 3ft 9 ½ ins 
Maximum service 
speed  

100 m.p.h. 110 m.p.h. 
125 m.p.h. / 
110 m.p.h. 110 m.p.h. 

140 m.p.h. / 
125 m.p.h. 

Weight in working 
order  

81 tons 80 tons 103 tons 83.2 tons 80.2 tons 

Maximum axle load  21 tons 20 tons 17t 7c 20t 16c 20t 1c 
Max. Tractive effort 58,000 lb. 58,000 lb. 46,100 lb. 58,000 lb. 43,000 lb. 
Maximum HP  5,900 5,027 5,850 5,000 6,480 

 

 

 

The first five classes were soon joined 
by a much larger class, the type AL6, or 
Class 86 as it became known under BR’s 
TOPS numbering scheme, which 
brought in further electrical and 
mechanical refinements.  No fewer than 
100 of the Class 86 were built, with 40 
constructed at Doncaster Works, and 
the remainder at Vulcan Foundry.   
Design work was carried out at 
Doncaster, with both English Electric 
and AEI supplying the traction 
equipment.  (AEI had been formed from 
the merger of BTH with Metropolitan-
Vickers, and within three years would 
be merged with English Electric to for 
GEC Traction.) 

 

 

 

 

 

(i) The class 90 was originally designated 87/2, but 
never carried any number other than in the 90XXX 
series. 

 
The second of the new Class 86 locos seen here at Preston in 1976 
wearing the standard ‘Rail Blue’ livery and full yellow ends. 
Photo: RPB Collection 
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 The latest additions to the a.c. fleet were broadly 
the same power as the AL5, with a maximum 
rating of 5,900hp, but were slightly longer, and 
weighing just over 1 ton heavier than their 
predecessor.   The running gear, and bogies were 
essentially the same as the AL5, and in common 
with other types, carried a single pantograph. 

With the extension of the 25kV a.c. electrification 
from Crewe to Glasgow, an new design of high-
speed locomotive was required.  Fixed formation 
train sets – like the HST - were still a rarity on 
main lines.  The Class 87 – it was never designated 
in the original scheme, nor did any ever carry the 
‘E’ prefix to a running number – was intended to 
haul the fastest expresses between London and 
Glasgow.  They were paired too with the latest 
passenger coaches, designated Mark IV, and 
survived well into the early 21st century, and post-
privatisation. 

The class 87 were BR's flagship until 1987, when 
the class 90 emerged, also from the BREL/GEC 
Traction stable.  One of their number, designated 
87101, was to become the 'test bed' for the first 
application of thyristor control systems, on a main 
locomotive in this country.  This prototype 25kV 
thyristor locomotive was delivered in 1976, and 
whilst conforming in almost all other aspects to 
the class 87 design, the bulky, electro-mechanical 
tapchanging equipment was conspicuous by its 
absence. 

After the completion of the work on the west 
coast to Glasgow, the attention returned to the 
east coast, and around 30 years after it was 
proposed, the electrification from Kings Cross to 
Edinburgh was begun.   

A view inside Doncaster Works in 1961, showing 
the roof section of a Class 85 (AL5) loco in build.   

The roof and top section of the bodysides was 
fabricated from steel sections, covered with 

aluminium as a single, removable unit. 
Photo: RPB Collection 

The Class 85 locos were fitted with a fabricated 
bogie, with traction motors ‘hung’ around the axles. 

Photo: RPB Collection 

The first 40 Class 86 locos were also built at 
Doncaster Works, with remainder coming from 

Vulcan Foundry. 
Photo: RPB Collection 
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The early 1980s, and 1981 in particular saw an 
upsurge of interest in the extension of 25kV a.c. 
electrification on British Rail, whilst, perhaps 
curiously, at the same time, some extensions were 
made to the Southern Region's extensive d.c. 
network.  The a.c. network expansion included 

the St Pancras - Bedford, Kings Cross Outer 
Suburban, and Thameslink schemes being 
completed.  The 1981 proposals also included the 
Western Region and East Coast Main Lines, along 
with northeast to southwest routes, and 
Strathclyde and Glasgow to Edinburgh routes in 
various options.  Of these proposals, the East 
Coast Main Line project and Strathclyde were 
completed, along with the East Anglian routes by 
the end of the decade.   

At the same time, the Channel Tunnel was nearing 
completion – this would of course be electrified 
with the overhead contact system.  This in turn 
perhaps started the discussions around Britain’s 
high-speed rail network, and thrown into sharp 
relief after the tunnel was completed, and 
Eurostar 300 km/hr trains just chugged at a gentle 

pace from the South Coast to London, Waterloo. 

But the expansion of the overhead in the 1980s 
brought about new orders for high-power electric 
locomotives, especially for the East Coast Main 
Line – with the Class 87/2 (later to become Class 
90), and the prototype Class 89, which never 
made it to fleet orders.  The principal success 
story of the decade was – perhaps arguably – the 
Class 91 design from GEC Transportation 
Projects – code named “Electra”, and with BREL 
Crewe as the builders.  But BREL were much 
more than suppliers of the fabrication activities, 
and the new locomotives were much more of a 
joint effort between the two giants of rail 
engineering and technology. 

Introducing the “Electric Scots” service on the West 
Coast.  The BREL Crewe/ GEC Traction Class 87 was 
a very successful design.   Here an unidentified loco 
passes through Preston station en route to Glasgow; 

Photo: Rodger Bradley 

Class 87 No. 87019 leaving Preston Station with 
a Glasgow bound service.  Once again, a design 

with major innovations – later including 
thyristor controls, and paving the way for a.c. 

traction motors with frame mounting to reduce 
unsprung masses. 

Photo: RPB Collection 
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The Class 89 order was placed in 1983, and 
designed at Brush’s Loughborough works, but 
built at BREL’s Crewe Works, and scheduled to 
take to the rails in the last quarter of 1985, but 
was delayed by a year until October 1986.  

Originally British Rail planned to 
incorporate thyristor drive in a fleet 
of these locos. to provide 200 km/h 
passenger services on the electrified 
East Coast Main Line.   However, with 
the introduction by BR in the 1980s of 
competitive tendering policies and 
performance rather than equipment 
specifications, the class 91 "Electra" 
design, announced in 1984 
represented the most serious 
challenge.  Ultimately of course it won. 

On 23rd January 1985 B.R. placed a 
£25 million order with BREL, for the 
supply of 29 176 km/h class 87/2 (later 

Class 90) electric locos, with an option for a 
further 31.  GEC Traction, as sub-contractors 
supplied the thyristor drives, and microprocessor 
control equipments, under a £12 million contract. 
Styling changes to the design, itself evolved from 

existing B.R. electric types, 
together with suitable re-gearing 
to run at 200km/h, from this 
essentially mixed traffic type, 
provided BR with an equally 
attractive passenger class.  

Thirty-one Class 91 'Electra' 
locomotives were ordered by 
BR, along with 50 of the Class 
90).  All these orders featured 
thyristor control, with more 
extensive use of 
microprocessors, and separately 
excited (sep-ex), d.c. traction 
motors.  This latter was seen as 
the interim step before full a.c. 
traction motors and control 
systems became more widely 
available for rail traction use, and 
which are today’s conventional 
technology.   

Class 90 – formerly 87/2 at Carlisle in the 1980s, with the final BR 
“InterCity” livery. 

Photo: Rodger Bradley 

Still running after British Rail was privatised – the last of the 3rd generation 
perhaps – Class 87 No. 87014 here passing Wilmslow in 2001 with a down 
express bound for Manchester Piccadilly from London Euston.  87014 was 

built at Crewe Works in 1974. 
Photo: Rodger Bradley 
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GEC's successful design for the “Electra” 
incorporated some significant technological 
advances, including an oil-cooled thyristor 
converter, underframe mounted transformer, 
where previously, and also in the Class 89 Co-Co 
design, the transformer was carried within the 
loco body.  Microprocessor control and diagnostic 
equipment will monitor power and control 
circuits - features developed and incorporated by 
GEC on home, and recent export orders. To keep 
unsprung weight to a minimum, a GEC patented 
transmission arrangement allows the motors to be 
located within the bogie, but suspended from the 
locomotive body. 

The Bo-Bo wheel arrangement was also not the 
original option for the new ECML units, and 
indeed, the early indications of British Rail's new 
motive power were that a Co-Co layout would be 
the preferred design. On performance, the GEC 
Class 91 developed up to 4700kW at the rail, and 
was capable of hauling a rake of 10 coaches, at the 
maximum line speed of 140 mph (225 k/ hr). The 
locomotive was also designed to haul heavy 
sleeper trains, a special consideration was the 
need to haul these heavier than normal trains over 
the Shap incline, on the West Coast Main Line.   

So, what we had with the Class 91 when paired in 
the 1980s style fixed formation train sets, was also 
known as the IC225, which was to indicate its 
maximum service speed of 225 km/h or 140 mph.  
The complete train was made up with the new 
Mark IV coaches – not the tilting variety - and at 
the rear, a Driving Van Trailer (DVT).  Just over 
300 of the coaches were built by Metro-Cammell 
in Birmingham, and included such novelties as 
push-button operated plug doors, in an all-steel 
construction.  They were in effect a direct 
development from the APT project, and ideal 
pairing with the GEC Traction Class 91 “Electra”, 
and entered service on the electrified East Coast 
Main Line in 1989.  However, it would be another 
3 years before the entire ECML was fully 
electrified from Kings Cross to Edinburgh. 

At the end of the decade, the most significant 
development was the acquisition of long time 
partners on railway contracts, Metro-Cammell, of 
Birmingham, with GEC Traction then having 
specialist vehicle builders in the group, at their 
Saltley Works.  They were in a position of some 
dominance going into the 1990s, and although the 
face of locomotive and rail engineering had 
changed dramatically by the time the Class 91 

Class 91 No. 91005 passing Carstairs in 1995, with the final BR “InterCity” livery.  Innovative and powerful, the 
class was only displaced by the “Pendolino” tilting trains after the turn of the century. 

Photo: Rodger Bradley 
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took to the rails, at least some of the works still 
existed.  But Brush Electrical Machines of 
Loughborough were not to be denied their place 
in the world of high-speed, leading edge 
technology either, as the Channel Tunnel neared 
completion. 

In 30 years, the UK railway industry, together with 
British Rail’s workshops had provided innovation, 
specialist technical, design and manufacturing skills 
that delivered the high-speed rail network, with 
the East and West Coast Main Line routes as their 
backbone. 

In total, no fewer than 316 AC electric locos were 
designed and built for British Rail between 1959 
and 1991 – and a single Co-Co prototype, which 
though not lacking in potential, never got beyond 
its testing phase.  

“Electra” was in effect the final gestation of the 
first, second and third-generation a.c. locomotive 
designs to be operated by British Rail, and whilst 
the ultimate high-speed passenger train, the APT 
never materialised, it did give rise to the 
“Pendolino” tilting trains.  And that, together with 
the high-speed international trains for Channel 
Tunnel services, is another story. 

 

 

 

 

 

-oOo- 
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Useful Links: 

Wikipedia Pages: 

Class 80  Class 81  Class 82  
Class 83  Class 84  Class 85  
Class 86  Class 87  Class 89  
Class 90  Class 91   

  

The AC Electric Locomotive Group  English Electric Co. - Grace's Guide 
Class 90 Electric Loco Group  Metro-Cammell Ltd 
Associated Electrical Industries (AEI) 
- Grace's Guide  

British Rail Engineering Ltd - 
Science Museum    

 
 
 
 
 
 

Class 86 No. 86224, built at Doncaster Works in December 1965, originally numbered 
E3134, and named “Caledonian” in 1979 is seen here leaving Carlisle for the south, on – 

appropriately – an Anglo-Scottish express in the late 1980s.  This was the final livery 
style carried by most of this class. 

Photo: Rodger Bradley 


