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Cowley Bridge Junction – Part 1: The real signal box 
By Alan Johnston 

 

Some of you may have wondered why the site of the preserved Romsey Signal Box, a “dyed-in-the-wool” 

Southern location, would have a display simulating Cowley Bridge Junction, a location on the Great 

Western main line at Exeter?  Of course, this location was also used by the Southern Railway/Region and 

its predecessors, being the start of the large network of lines that latterly became known as the 

“Withered Arm” due to many closures and cutbacks over the years. 

This series of articles will, I hope, not only answer that question but will also give some of the history of 

the real Cowley Bridge Junction, as well as that of the original and current simulators, as well as some of 

my own memories of visits to the real box and my involvement in the simulator project. 

So, let’s start with a short history of the location.  Cowley Bridge Junction is located to the north of Exeter 

St. Davids station and Exeter Riverside Yard.  It is the junction for the line to Barnstaple, operated now 

under the name “The Tarka Line” after Henry Williamson’s book “Tarka the Otter” set along the Rivers 

Taw and Torridge.  The main line running approximately north/south was originally constructed to the 

broad gauge as part of Brunel’s Bristol & Exeter Railway, the section into Exeter being the last to be built 

and opened in 1844.  Prior to construction the B&ER directors had arranged for the GWR to operate the 

line and in 1876 it was fully amalgamated with the GWR. 

A principal reason for the B&ER construction was to try and prevent expansion of the GWR’s rival the 

London and South Western Railway.  At that time the LSWR operated to Southampton but wished to push 

further westward to Exeter and beyond, this being a major cause of what became known as the “Gauge 

Wars” – the LSWR was a standard gauge line (called somewhat pejoratively “Narrow Gauge” by Brunel.)  

Although the GWR operated the B&ER and both had Brunel as their engineers, the GWR wished to 

promote its own schemes to stop the advance to Exeter of the LSWR.  Having even offered to buy the 

B&ER, an offer that was declined, the GWR continued to promote its own plans for a line to Exeter.  Their 

proposed “Exeter Great Western” would have run from Yeovil via Crewkerne and Axminster to Exeter.  

Not unnaturally the B&ER allied itself with the LSWR in opposing this with the result that Brunel felt his 

position as engineer of the B&ER was compromised, so he resigned that position in favour of Charles 

Gregory in 1846. 

The LSWR reached Exeter in 1860 after a struggle to gain approval and finances.  Their station in Exeter is 

the current Exeter Central but was originally named Queen Street, located approximately one mile from 

and at right angles to the B&ER and at a considerably higher level. 
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In the meantime, a line had been built from the junction at Cowley Bridge to Crediton, this being the 

Exeter & Crediton Railway.  Allied to the B&ER it was built to the broad gauge and leased to that 

company, opening in 1851.  However, the E&CR chairman, William Chapman, was also chairman of the 

LSWR.  So having reached Exeter the LSWR saw the way to expand westwards; they owned 60% of the 

E&CR shares, the B&ER the remaining 40%.  The LSWR leased the E&CR from 1862.  To get their trains 

through Exeter the LSWR built a line from Queen Street to St. Davids, down a formidably steep and 

curved bank, also being granted running powers from there to Cowley Bridge and so to the line to 

Crediton.  It was necessary to lay a third rail between St. Davids and Crediton to allow both standard and 

broad gauge trains to run. 

Subsequently the lines further westward from Crediton were developed into an extensive system to 

Barnstaple, Ilfracombe, Plymouth, Bude, Padstow and Bodmin.  So came about the phenomenon of trains 

to Plymouth passing Cowley Bridge Junction and running through St. David’s station in opposite 

directions!  This was captured in a famous photograph, a framed copy of which was on the wall in Cowley 

Bridge, called “Two Ways to Plymouth.” (see below). 

The first signal box at Cowley Bridge Junction is shown below and clearly shows the mixed gauge track 

arrangements.  It was opened around 1871 and the layout was a straightforward double junction.  Close 

study of the picture shows rodding to pointwork and a style of lower quadrant semaphore signal that 

would be the basis of GWR/BR(WR) signalling right through to the present day. Presumably any signalling 

at the location before this signal box would have not been interlocked and would have had “disc and 

crossbar” signals, worked by a “policeman” as one of his many duties. 

 

‘Two Ways to Plymouth’ displayed in Cowley 

Bridge Junction. 

 

The first signal box at Cowley Bridge Junction, 

note the mixed gauge trackwork 

(broadgauge.co.uk) 

The signal box that replaced the 1871 box was the one that, with many alterations over the years in size 

and layout, would last until introduction of colour light signalling controlled from the Exeter panel box in 

1985.  It opened in 1894 with a 16 lever frame and the layout remained a double junction but with a 

trailing crossover in the main lines introduced in 1896.  The layout as at 1910 is shown below. When 

opened the box worked to Stoke Canon Junction and Exeter East on the main lines and to an LSWR signal 

box called Cowley Bridge.  The LSWR box closed in 1916 at which time Cowley Bridge Junction received a 

new frame of 20 levers and started working to Newton St. Cyres.  A ground frame to work a crossover at 
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the location of the LSWR box was in use from 1916 to 1928, when the crossover itself was taken out of 

use.  On the new frame at Cowley Bridge Junction new signals were provided – a starting signal on the 

LSWR Down line and an outer home on the Up, together with a disc signal reading from the Up Main to 

the Down Main.  Spring catch points were provided on the Down LSWR line and a track circuit was also 

provided in rear of the LSWR inner home signal.  By 1919 a track circuit was provided in rear of the Down 

Main starting signal and by 1924 a block switch had been installed allowing Cowley Bridge Junction to be 

switched out at quieter times. 

 

The diagram below shows the layout around 1930.  By this time the numbering of the frame included a 

lever ‘0’ for the Down Main distant signal, an outer home on the Down Main with a track circuit in rear 

had been provided as had Up and Down detonators (not shown on the diagram.)  The Up Main and Down 

Branch distants were now 130 yards further out and under the Exeter East section signal. 

 

The big change to the box came during the Second World War.  With the great increase in traffic, 

especially freight, during the conflict, the facilities around Exeter were expanded and Cowley Bridge 

Junction saw the installation of a Down Goods Loop and became an entry and exit point to and from 
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Riverside Yard.  To accommodate this, the signal box was extended to accommodate a new frame of 44 

levers that would see it through to its final closure.  The new diagram is shown below. 

 

The work to install the new layout took place from August 1942 to October 1943.  The extra brickwork to 

extend the signal box was always noticeable at the north end of the structure as was the nameplate on 

the front of the box being offset.  A good view of this is below. 

 

The different brickwork at the right-hand end and the offset nameplate. 

The layout shown in the 1943 diagram is very similar to the one used by FoRSB for the simulator display 

which is based on 1960; signals 1 and 4 were by that time colour light replacements for the semaphores.  

A slight “poetic license” has also been taken on the simulator – the track circuit in the Down Goods Loop 

runs its entire length and there are track circuits in rear of signals 32/31 and 28/27.  This is so that the 

position of trains that are being controlled by the signal box can more clearly be seen by the operator and 

members of the public watching the display.  

Completing the story of the real box, by 1974 Newton St. Cyres signal box had closed and Cowley Bridge 

Junction worked to Crediton.  The double junction had been replaced with a single lead and new 
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crossover on the main lines and a motor-worked point on the branch providing the double to single track 

connection.   There was now a route from the branch straight into Riverside Yard by traversing the Up 

Main line for a short distance in the Down direction.  To avoid drivers of trains approaching on the Down 

Main thinking there was a conflicting movement, moves off the branch like this were prohibited during 

the hours of darkness. 

Although in later years this replacement of double junctions to eliminate diamond crossings became 

something of a “fad” throughout the country, in this case there was more to the change and for that we 

must turn to relating about the serious flooding of Exeter, starting with the events of October 1960. 

From as far back as the 13th century Exeter has been prone to flooding.  During October 1960 the River 

Exe broke its banks because of the intense rainfall that month – more than 380mm of rain fell in the River 

Exe’s catchment area with 60mm alone on the night of 26th October.  During the next day the water 

flooded through St. Thomas towards Alphington.  Over 1,000 properties were damaged; some homes 

were flooded to two metres deep.  Exeter had barely recovered from this onslaught when 80mm of rain 

fell on 3rd December causing more damage to over 1,200 properties.  The next picture shows the extent 

of the flooding at Cowley Bridge Junction.  Something had to be done to protect Exeter from future floods 

and so in 1965 work started on a flood relief scheme, an £8 million project that would take 12 years to 

complete.  Of three relief channels that were built, the first was near Cowley Bridge and the double line 

bridge over the Exe was replaced with a new one that was built for a single line only.  Later when the 

entire line to Crediton was singled the bridge over the River Creedy was also rebuilt to a single line one.  

Sadly although this work mitigated the floods it was not to be the last time pictures of Exeter under water 

were to appear on the national news: November 2012 and December 2019 saw disruption at Cowley 

Bridge.  In May 2020 Network Rail installed a flood barrier at Cowley Bridge Junction as part of a £26.5 

million scheme to reduce what was becoming regular disruption to train services.

 

Cowley Bridge Junction under flood water in 

1960. 

 

Plus ça change……  Cowley Bridge floods again in 

the Winter of 2012 (Network Rail Media Centre). 

Final changes to Cowley Bridge Junction were conversion of the branch from double line to single, with 

working by key token replacing absolute block.  Luckily the layout of the branch line junction meant token 

issue and receipt was possible by leaning out the box window so the signalman could keep dry when it 

was foul weather!  Hot axle box detection equipment was installed on the main lines and the monitoring 

equipment for this was located on a table to the left of the blockshelf.  Latterly this was switched to be 
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monitored in Exeter Middle box when Cowley Bridge switched out.  Approach locking in connection with 

the motor points was introduced in 1977*.   

With the plans for multiple aspect signalling (MAS) and a new entrance-exit (NX) panel signal box 

scheduled for Exeter, the writing was on the wall and Cowley Bridge Junction closed for the last time on 

30th March 1985.  The three regular signalmen all attended the box for this and witnessed as Norman 

Bartlett signed the last train register, a sad moment for them and those of us who knew the box and the 

signalmen.  That last register is now in possession of the FoRSB and scans of those final entries are shown 

below. 

 

 

I came to know Cowley Bridge Junction as one of the committee members of the Exeter West Group.  The 

Group had been formed by a number of signalmen from the Severn Valley Railway who previously had 

exhibited displays of signalling equipment at various fundraising events on the SVR.  With the large 

number of closures of mechanical signal boxes and introduction of multiple aspect colour lights controlled 

from large panel signal boxes, the Group looked to preserve a large mechanical signal box and restore it 

to working order for the enjoyment and education of the public, who would never otherwise have been 

able to witness what went on in such a box.  Several small boxes had been preserved of course as well as 

the ones on preserved lines, but the idea of saving a large (i.e. more than 100 lever) box had not arisen.   

---------------------------------------------------------------------------------------------------------------------------------------- 

*Approach locking is applied where there are motor worked points, to reduce the chances of these being damaged 
by being “run through” or causing a train derailment.  The signalling system uses track circuit occupation to know 
where a train is located as it approaches a signal that has been cleared for a route over the motor points.  In normal 
working the train passes the signal at clear and then occupies the track circuit through the points.  Even if the signal 
is then replaced immediately and the mechanical locking on the points lever is released, the track circuit occupation 
prevents the points being moved.  However, if the signalman replaces the signal before the train reaches it, say 
because he wishes to change the route, the approach locking will, if it knows the driver of the train will have seen 
the signal at clear, initiate a timer of usually two minutes duration.  During this timing interval the motor points 
lever is locked and this gives enough time for the train to have obeyed the signal and come to a stand before the 
points can be moved. 
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The selection of Exeter West box happened because it fitted a number of criteria – it was 131 levers, it 

was Great Western in origin and therefore of appeal to a large portion of the railway enthusiast 

fraternity, it was of sectional wooden construction and would therefore be relatively easy to disassemble 

and transport compared to a brick box and it controlled an interesting layout with special working to 

adjacent boxes. 

As a signalman on the SVR myself and having a degree in Electronics and Electrical Engineering, I 

volunteered my services to look after the electrical side of the project.  So at the point in the project 

where negotiations with British Rail were proceeding, trips to Exeter became both necessary and highly 

enjoyable.  Usually the then Chairmen of the Group, Peter Jordan, and I would arrange to have a few days 

based in Exeter, with trips to signal boxes and places of interest further afield.  In this way we got to know 

a number of signalmen and many were pleased to hear of the Group’s scheme. When it became obvious 

to them that we were familiar with signal box operation, they were more than happy to let us do their 

work!  Of many signalmen, many sadly no longer with us, the one we “clicked” with most was Mike 

Hayman at Cowley Bridge Junction.   So whenever it was possible we would pay Mike a visit.  Typically if 

Mike was on late turn we would have a day out at various locations, then have fish and chips from the 

excellent “chippie” across from St. Davids station and then walk out to Cowley Bridge for a few hours with 

Mike.  Sometimes a lunch at the Cowley Bridge Inn opposite the box would be followed with an enjoyable 

afternoon bashing the levers and ringing the bells. 

Those in the know were aware of Cowley 

Bridge’s reputation as a box where a warm 

welcome was virtually guaranteed, with the 

result that others took the opportunity of 

helping the signalman out.  One day when 

Peter and I were in W. H. Smiths in Exeter we 

spotted a very appropriate item and having 

purchased it we presented it to Mike 

Hayman on our next visit and it took pride of 

place on the signal box notice board.  This 

card read “The world is full of willing people, 

some willing to work and others willing to let 

them.”  This picture shows this card circled in 

white! 

This also shows the cosy corner of the box 

with the comfy chair next to the telephones 

so the signalman could enjoy a relaxed 

“natter” with colleagues on the “omnibus” 

phone during quieter spells.  

One of the duties of the Cowley Bridge 

signalman was to ring the train announcer at 

St. Davids to keep him/her advised of arrivals 

from that side of the station.  Exeter West box performed the same function for trains arriving from their 
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end of the station.  The announcer most often on duty when Mike was working was Larry and it became 

something of a catchphrase for Mike to ring Larry when the train from Barnstaple was due and advise 

“That’s the Barney, Lar”.  For many years after Peter and I used this as our greeting when telephoning 

each other. 

Cowley Bridge being the north-end exit from Riverside Yard meant that freight trains departing from 

there had to be fitted into the other services to avoid delay to the faster HST-based passenger trains.  

One day Mike was training another signalman when Riverside Yard rang up to say a freight train was 

ready to leave.  “Will I let him out?” asked the trainee.  “Is there anything else due?” asked Mike.  “No, all 

gone.” said the trainee.  The trainee then set the road, offered the freight to Stoke Canon and pulled the 

signals.  The freight was just pulling out when the bell from Exeter Middle rang “Call Attention”.  The 

trainee answered and was offered a “four beats” – express passenger.  “Oh dear” (or words to that effect) 

says the trainee, “I forgot about the York.”.  Red faces all round and a delay to the York until the freight 

could “get clear inside” a loop to let the HST pass. 

One evening I was in Cowley Bridge with another visitor who was taking a turn on the frame.  A train had 

gone towards Stoke Canon on the Up line and, as soon as Train Out of Section had been sent to Exeter 

Middle for it, Middle had offered a parcels train and put it on line almost immediately it was accepted.  

Obviously this train could not be offered forward until the previous one cleared Stoke Canon.  Now the 

track circuit on the Up Main reading to the home signal bracket was quite a long one, over 1,000 yards, as 

with the closure of Exeter East it covered from Exeter Middle.  This track circuit lit up.  The procedure 

when you can’t clear all the signals into the next section is to bring the train forward signal to signal by 

only clearing each one as the train approaches near to it so the driver understands the line is not clear 

throughout.  This is the old “Rule 39A”.  Unfortunately, the chap working the frame forgot the length of 

the track circuit and cleared the home signal number 42 earlier than it should have been.  Mike noticed 

this and commented “Woah, that’s a bit soon!”  The driver of the train not unreasonably assumed that 

the road was now clear and applied power, the train came under the bridge at a fair lick at which point 

the driver saw the section signal at danger and had to make a full brake application.  Quite a bit of 

banging and crashing followed as the brakes took hold, but there was no great danger as the line starts to 

climb from outside the box and the train stopped at the starter OK.  Just then Train Out of Section was 

received from Stoke so the parcels was offered, accepted and the starter pulled before the driver could 

climb down and phone the box to complain! 

When Cowley Bridge closed Mike went to City Basin box at the other side of Exeter and we were still able 

to visit him there, but it was not the same.  The location at Cowley Bridge had been delightful, in better 

weather with the windows open you had the water running at the back of the box with its soothing 

sound, a good variety of trains to play with and if sustenance was needed the venerable Cowley Bridge 

Inn across the road.  Mention must be made of this hostelry which has appeared in so many train pictures 

over the years, many with the then landlord Gilbert’s yellow Volvo estate parked in the car park in front 

of the building.  The food was always excellent and you had a view of the box and the trains.  The only 

slight nuisance was the place was sometimes overrun by students from Exeter University, many of whom 

seemed to be down from the “yuppier” parts of London.  I still recall overhearing one conversation in best 

“OK, yah” accent where one student decried another because “he’s such a poser.”.  
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Before moving on to describing my involvement in the Cowley Bridge display for FoRSB, here are a few 

pictures from Cowley Bridge Junction that I took at various times. 

Alan Johnston returns in the next edition of The Signal with Cowley Bridge Junction - Part 2: The miniature 

signal box. Meanwhile, readers are invited to enjoy these pictures which capture the character of this 

iconic location. 

 

 

Cowley Bridge Junction – Mike Hayman’s oft-photographed bicycle at the foot of the box steps. 

 

 

The view from the road overbridge looking North. 
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The rear of the box with the Cowley Bridge Inn and landlord Gilbert’s Volvo in evidence. 

 

 

Mike Hayman collects the token from the driver of a short freight train from the branch.   

Note the Down Main signals are clear so this freight must be signalled into Riverside Yard. 
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An interior view showing the 44 lever GW 5 bar 

VT frame. 

 

Looking from the other end.  Hot axle box detectors 

at the left-hand side.

 

 

The lights in the box shine out on a cold Winter’s night, inviting you into the warmth. 
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The (considerably younger and slimmer than now!) author and Signalman Mike Hayman in Cowley Bridge 

Junction.   I have the lever cloth over my shoulder to show “I’m in charge!” 
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Cowley Bridge Junction – Part 2: The miniature signal box 
By Alan Johnston 

 

So, in March 1985, Cowley Bridge became history together with Exeter Middle and Exeter West boxes.  

No time for too much reflection by the Exeter West Group members – we had a signal box to dismantle.  

This is not the place to go into detailed account of that project, but suffice to say after many trials and 

tribulations we must move the scene to the now rebuilt Exeter West box at its location in Crewe at what 

is now Crewe Heritage Centre (formerly Crewe Railway Age). As mentioned earlier, I was heavily involved 

in this and having completed the electrical work and the box being open to visitors I was there one day 

when a group of people called to see us.  One of the group was Bill Tyndall and we got chatting about 

various things related to signalling.  This is when Bill mentioned that the Romsey group had a replica of 

Cowley Bridge Junction for display but had recently had a new lever frame constructed.  It was going to 

be a problem to interlock this frame mechanically, not least because the resultant weight would make it 

next to impossible to move easily, and it was an important requirement for it to be portable to exhibitions 

etc.  Had I known what was to follow when I opened my big mouth and said “I could interlock it 

electronically…” I might have kept quiet, but the die was cast. 

So now a bit of history of the first Cowley Bridge display and how its successor came to be built and 

developed.  During the mid-1980s George Pryer had decided to build a miniature frame for the Signalling 

Record Society.  Bill Tyndall was a close friend of George and offered to get involved as he had access to 

engineering facilities.  Subsequently the Signalling Record Society decided they did not want such an item, 

so George and Bill decided to continue the construction using recovered materials from various sources.  

Eastleigh Technical College was approached and agreed for their apprentice students to build the frame.  

At this time the Romsey Transport Heritage Committee (the forerunners of the Friends of Romsey Signal 

Box) had been established to develop Romsey Signal Box as an educational facility, and the idea of having 

some kind of mobile display that could be taken to exhibitions to promote the project and encourage new 

members was suggested.  The frame under construction by George and Bill seemed to fit this concept 

admirably, and so the idea was developed of having a full signal box display with instruments and the 

frame worked from a simulator panel.  Some thought was given as to what signal box the display should 

represent, either a real or fictional location.  It needed to be somewhere with a relatively small lever 

count but with a good timetable with lots of train movements to keep the spectators interested.  Ideally it 

should have loops and/or sidings so that a variety of traffic moves could be demonstrated.  George and 

Bill discussed this and settled on Cowley Bridge Junction.  Weekdays saw a good variety of trains including 

freight services and summer Saturdays an intensive holiday express traffic.  They decided to base the box 

in the 1960s so that steam trains would still be running, and decided that the full network of the Southern 

lines should still be intact and the Exe valley services also running to give extra traffic. 
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The lever frame of 44 levers was not interlocked and had microswitches to work the indicators on the 

block shelf and repeat the signal indications on the simulator panel. The latter again was constructed by 

Eastleigh Technical College along with a similar panel to operate Romsey Signal Box itself (which it still 

does.).  The cases for these panels were made by Romsey School.  Instruments for the blockshelf were 

obtained from a number of sources such as British Rail’s Collectors’ Corner, Euston, at the same time as 

equipment such as lever locks for Romsey box, or recovered during closure of Western Region boxes such 

as Princes Risborough.  Some were donated by FoRSB members/supporters Joe Nemeth, Chris Hack and 

others. 

The original display is shown in pictures below.  It was taken around the country to various exhibitions 

and model railway shows in places such as Leamington, Fareham, Exeter, Guildford, Swanage, Newbury 

and Crewe and was well received by the public at those shows.  Other display boards explaining the 

preservation of Romsey Signal Box appeared alongside and helped promote the project and attract new 

members. 
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After some years it became apparent that the frame was getting near the end of its useful life and so the 

decision was made to have a new one made.  This time the aim would be to have a more accurate model 

of a GWR frame, retaining Cowley Bridge as the location of course, as the other items like the diagram 

and instruments would be retained.  George talked to the model engineer Joe Nemeth of Scaleway 

Signals, then based at Severn Beach near Bristol, and together with Chris Hack it was decided to have Joe 

build a new 44 lever GWR frame at quarter scale.  Joe already had built a frame for the BR signalling 

training school at Waterloo and also had interest in frames from other customers, so he was able to 

perfect the engineering operations to manufacture different sized frames to customers’ requirements.

 

The new frame on the bench ready to start work on the electrical fittings. 
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As mentioned earlier, Joe said that it would in theory be possible to mechanically lock the frame but the 

weight would be prohibitive.  We are now back to my meeting Bill Tyndall in Exeter West box and we can 

take the story on from there. 

For the new frame to be locked electrically would mean some kind of electric lock being provided on each 

lever.  I was able to obtain a quantity of 15 volt solenoids through an advert in Exchange and Mart – no 

eBay on those days!  Bill Tyndall got a colleague at Salisbury, a driver called Ted Dole, to machine slides 

that would be operated in the horizontal plane by the levers, and he also turned down the pins of the 

solenoids so that these could engage in holes in the slides at the normal and reverse lever positions.  So 

that would enable the locking of the levers. But in order to detect when the operator was trying to pull or 

replace a lever the holes in the slides had to be slightly elongated, and microswitches had to be fitted to 

detect the slight movement from normal or reverse positions, but with the solenoid pin still engaged in 

the slide and locking the lever.  At this point the electronics of the locking would decide if the lever should 

be free to move and would energise the solenoid if allowed, thus pulling the pin free of the slide and 

letting the lever be stroked to the opposite position.  At the point just before reaching the opposite 

position, the other of the normal/reverse microswitches would detect the lever position and remove 

power to the solenoid so the locking pin would drop into the other elongated hole.  Finally, it was 

necessary to be able to detect that the locking pins were locking the slides, what in the real signal box 

world is known as a lock proving contact, so additional microswitches were mounted on a bar above the 

solenoids to be operated by the pins when in the locked position. 

The first design of the actual electronics to do the interlocking was based on logic integrated circuits.  

Each lever had a circuit comprised of a number of “chips” and some other components.  There are 36 

working levers in the frame, excluding the detonator placers, but one of these is motor points number 34, 

and this lever would need a different approach as it would have to mimic the way motor points are 

worked in a real signal box.  The remaining 35 circuits were split into five printed circuit boards with 7 

circuits per board.  A combination of 74HCT series ICs, providing J/K flop-flops, AND gates and OR gates 

together with discrete transistors, diodes and resistors, provided a circuit that detected the positions of 

the normal, reverse and lock proving microswitches, and together with diode matrix-based locking 

powered the lock solenoids and outputs for the indicators on the blockshelf and the simulator panel.  

Three small copper strip boards were arranged to hold the diodes that provided the locking functions 

between the individual circuits.  The numbers of connectors on both types of boards that had to be cross 

connected can be appreciated (see picture overleaf).  

The frame itself had been provided mounted on 25mm board with metal bracing and provided with a 

wooden case to give a unit that could be transported and would protect the frame and provide a 

compartment underneath for the electronics to reside (see picture overleaf). 

Once the circuit boards had been constructed, itself something of a chore as each board was etched and 

then had to be drilled for each pin of each component by hand before soldering together (3,775 

holes/soldered joints in total), they were mounted beneath the frame together with the boards holding 

the diodes that provided the interlocking logic.  Wiring from the boards to the solenoids, microswitches, 

power supplies and between boards was all done by single core cables and soon turned into a significant 

amount. 
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Example of original circuit board and diode matrix board. 

 

The new frame in its sturdy wooden case.  Later this could be reduced in size when the new method of 

lever detection allowed the locking slides to be shortened. 
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Finally, the electrics were ready to try and I am happy to say the design worked electrically, but as this 

was the first time the whole frame had been made to operate a serious design flaw became apparent.  

This was the operation of all the microswitches.  This was completely inaccurate and unreliable.  The 

operation was being done by small plastic “bumps” glued to the lever slides, these to engage a roller on 

the microswitch operating arm in the case of the normal and reverse switches.  The lock proving 

microswitches were of the smallest available but these proved not to be able to be worked reliably by the 

pins in the solenoids: the tolerances required in location and pressure of operation could not be met. 

I therefore took to redesigning the way the lever and lock detection was to be done.  By amazing good 

luck, I found that holes already provided in the spacers between the lever “bays” matched those on a 

standard V5 microswitch exactly.  This allowed the lever of the microswitch to be operated by the frame 

lever when in the normal position and the switch released as soon as the lever started to move.  The 

same applied on the reverse side.  I constructed support rails running the full length of the frame, two per 

side, using M3 threaded rod, spacers both plain and threaded and nuts interspersed with the 

microswitches themselves.  This enabled very accurate operation of the switches.  For the lock proving, 

the solenoids already had a small hole in their baseplates so the existing square tubing on which the 

solenoids were mounted was replaced with spaced supports leaving room under the solenoids.  An extra 

pin made from a trimmed off nail was dropped through the hole in the solenoid and the support rail and 

could then act on the lever of a microswitch mounted in the space below the solenoids.  After some 

adjustment to the type of pins and their length this was found to give reliable detection of the solenoid 

locking pin position.  There was one special case though - lever 34 for the motor points.  Motor point 

levers are worked in a different way to mechanical points.  If we assume that the points are set normal, 

shown by the points indicator, and the lever in the normal position, the signalman would operate the 

lever to change the lie of the points by moving it to a “check lock” position about three quarters of the 

way over.  The lever would not be able to be moved further towards reverse at that point because of a 

lock which stops this.  Moving the lever in this way sends current to the point motor (properly called a 

point machine) which will proceed to unlock the point blades and wind the points to the opposite lie i.e. 

reverse.  When the points lie reverse and are locked the motor cuts off and the contacts within which 

detect the position of the points and that they are properly locked change over to make the box indicator 

show “Reverse”.  During the winding the indicator will have dropped to the non-energised “Wrong” 

indication.  This also releases the lever lock and enables the signalman to complete the stroke of the lever 

to the reverse position, which in turn will free any relevant mechanical interlocking for signals etc.  A 

similar process is done to move the points again but this time the lever will be held about a quarter from 

the normal position.  In order to emulate this functionality it would be necessary to detect the lever 

position in more than just the normal and reverse positions, and also require the lever to be locked part 

way through its stroke.  To do the latter another slot was cut in the lever slide between the slots for the 

normal and reverse locking.  The computer could then be programmed to release the solenoid part way 

through the movement and unlock again when it had emulated the movement of the points and changed 

the indicator.  Initially I attempted to think of a way of fitting extra microswitches inside the frame but 

this proved totally impractical because of limited space for the switches and access to where they would 

be located.  After some head scratching I hit upon a different approach.  As well as digital inputs and 

outputs the Arduino boards (referred to later) have provision to input and output analogue voltages, 

typically using a 5 volt reference from the Arduino and being able to read between 0 and 5 volts on an 

analogue input.  I therefore obtained a small “slider” type potentiometer driven from the locking slide 
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and connected it between the 5 volt reference and 0 volt ground.  Taking the wiper of the potentiometer 

to an analogue input meant the voltage in that input would move between 5 volts and 0 volts as the lever 

was moved.  It was then just a matter of programming the locking and indicator operations to be 

triggered at certain voltage points and the emulation of the motor points would be realistic. 

There were the other parts of the full display to be considered and I decided to “bite the bullet” and do a 

complete rebuild of the diagram and blockshelf.  It was also necessary to consider how the finished 

display would piece together, and to that end Dick Hewett obtained a sturdy 6 foot wide table that had 

detachable tubular steel legs.  Gavin Brooker modified these to provide heavy duty castors on their ends 

to allow some mobility to what would, with all the pieces mounted together, add up to a considerable 

weight. 

I tackled the diagram first as this did not need a great deal of work.  It was stripped down and cleaned 

and the paper diagram flattened as much as possible as damp had caused some rippling of the surface.  

The glass was given a good clean and the wooden frame restored.  The track circuit indicators were using 

small filament bulbs on batten holders. These were replaced with 8mm red LEDs for longevity, the 

necessary dropper resistors to allow operation from 12 volts were included, and the connections routed 

to a 25 pin “D” type socket at the back of the diagram.  Provision was made using captive 6mm fixings to 

allow two uprights to be bolted to the diagram so it could sit at the correct height and be secured to the 

table/blockshelf.  A multicore cable would connect to the diagram and a corresponding socket on the 

back of the lever frame and hence to the electronics to drive the LEDs. 

The old blockshelf had seen better days and was in two parts that required joining when in use.  Since the 

size of the new frame meant transportation would have to be suitably sized for larger items than the old 

display, the opportunity was taken to build a new one-piece blockshelf of a style close to the prototype.  

This was arranged to have the signal and point indicators along the front edge and the block instruments, 

bells and telephone on the top surface as before, but with a new arrangement of the items.  Once again 

captive fixings were included for the instruments so that these could easily be securely bolted to the 

shelf.  A hole for each instrument’s connections was arranged so that the cable would exit from the base 

of the unit and thus be invisible.  The front indicators were permanently mounted which did give the shelf 

a very front-heavy centre of gravity, so it was realised care would be needed in handling this, and I was 

later to be caught out by this fact - of which more later.  Each instrument’s cable was terminated in a 

“DIN” type plug and sockets to receive these were mounted underneath the shelf.  All the wiring to the 

instruments and indicators was taken to a 25 pin “D” socket and a 4 pole circular power socket under the 

shelf. 

The blockshelf has to sit on legs to be at the correct height to the frame, but these also would sit on and 

be secured to the table.  To allow easy transportation I fitted three sets of legs each of which can fold up 

under the shelf and be locked in place.  Cross braces were provided to keep the structure rigid with the 

legs unfolded. 

The block instruments and bells together with the telephone were in various states of finish, so these 

were passed to members of the Friends who volunteered to strip the wood and stain and varnish to a 

consistent colour, and an excellent standard was achieved for which many thanks to those involved.  The 

actual bell castings themselves were mostly in a poor state so I approached a local metal plating company 

for advice, and as a result got the bells stripped and replated in a chrome finish.  This in some respects is  
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The new blockshelf under construction. 

even shinier than most bells would have been, but as they are particularly attractive items on the display 

it was felt best to go for this finish for looks as well as avoiding tarnishing. 

The block instruments and bells together with the telephone were in various states of finish, so these 

were passed to members of the Friends who volunteered to strip the wood and stain and varnish to a 

consistent colour, and an excellent standard was achieved for which many thanks to those involved.  The 

actual bell castings themselves were mostly in a poor state so I approached a local metal plating company 

for advice, and as a result got the bells stripped and replated in a chrome finish.  This in some respects is 

even shinier than most bells would have been, but as they are particularly attractive items on the display 

it was felt best to go for this finish for looks as well as avoiding tarnishing. 

As work on the display continued over an extended period due to other commitments, the years rather 

overtook things electronically and I came to realise with the time that had passed it was very “old hat” to 

use the sorts of integrated circuits on the individual boards and with lots of interconnections.  The “in” 

thing was to use programmable logic controllers or small single board computers as these had become 

commercially available at reasonable prices and, being a computer programmer, presented an 

environment I could work with readily. 

The decision was therefore taken to scrap the electronics side of things and start again based on the 

Arduino type single board computer.  However, even the “top of the range” version of the board had far 

too few inputs and outputs available to allow all the individual points of connection to be wired directly.  

It was necessary to design and build some kind of interface that would concentrate the connections to a 

number manageable by the computer board.  The technique for this is called “multiplexing” and is used in 

many applications including signalling on the railways.  For example, all the inputs from the normal and 

reverse and lock proving microswitches could be scanned in turn very rapidly and their states kept in 

memory by the computer.  Similarly, items based on an output like a solenoid or track circuit light could 
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have their required states locked one after the other into a set of output “gates”.  This scanning and 

setting could take place hundreds of times a second or more.  Consequently, I designed the necessary 

circuits and also the layout for these using a computer program that facilitates design of multi-layer 

circuit boards.  This program will produce as its output a file in a format suitable to sending to companies 

that will produce circuit boards using professional equipment, and therefore to a far higher standard than 

I could make in my workshop.  The cost for the production of these boards was affordable even in small 

quantities.  In the end I ordered four boards from a supplier which meant enough available spares and to 

also make a second board for use in a test rig to be described later.  The ease of assembly of the 

components on to a professionally produced board, silk screen printed, pre-drilled, solder tinned and 

with solder resist coating where needed was a joy compared to the work that had gone into making the 

earlier boards. 

 

The new circuit board assembled ready for fitting under the lever frame. 

Another aspect that needed some consideration was how the system would handle the sending of codes 

on the block bells.  These would ideally need to be handled in real time and also more than one bell may 

be in use at once.  In view of this, three more Arduino boards were used so that each bell would have its 

own interface to one, and the code on those boards would handle the bell signals coming in and going 

out independently of the others.  As each Arduino interfaces to the controlling PC via a USB port, this 

meant 4 USB ports would be used on the PC which most computers could easily provide. 

By this time plans were moving forward at Romsey to provide a home for the display.  It was to be located 

at one end of the new building which consequently was being referred to as the Cowley Bridge building!  

The pressure was mounting to get the project to fruition after many years so, as development of a fully 

automated simulator program to control the display would take more time, the display was designed to 

be able to be worked in a similar way to its predecessor, i.e. by a remote operator.  This time, rather than 

a simulator panel with switches and indicators, a second PC would be used to control a “manual mode” 
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program on the main PC using a remote desktop connection.  Whilst the Cowley Bridge building was 

being fitted out, cables were run from the display’s future location to the locking room under Romsey 

Signal Box.  This would allow the remote operator to have somewhere to work away from the main 

display.  The cabling provided for an Ethernet Cat5e cable to allow the two computers to be networked 

together, as well as a cable to provide the analogue connection for the telephone, and also for an audio 

signal to be passed between the computers.  This was required because the sounds of the bells being 

rung being produced by the main PC’s program (using small .WAV sound files) would not sound correctly 

in the remote PC because of a lag in the remote desktop connection software. 

The final part of the display that needed to be built was a power supply box, as during testing I had been 

using my own workbench supplies to power the frame etc.  The requirements for power were a supply to 

the Arduinos, this being 9V DC regulated, a supply for the lock solenoids, originally 16V but since uprated 

to 19V DC regulated, signalling supplies of +12V and -12V DC regulated, to power the indicators and track 

circuit LEDS, and an unregulated 12V supply which only is used to ring the block bells.  Part of the circuitry 

on the printed circuit board uses “opto-isolators” so that the circuits powered by the signalling supplies 

are isolated from the ones used by the logic devices, to prevent interference.  An opto-isolator chip 

contains an LED and a light sensitive transistor in one package; when the LED is powered the light from it 

turns on the transistor so one circuit can control another, but with no chance of electrical interference as 

only light controls the connection. 

Development of a controlling program to run on a Windows computer was another fairly time- 

consuming task as the graphics involved in showing the signal box diagram and positions of signals, points 

and occupation of track circuits meant a lot of work at the individual pixel level in a graphics editing 

program. 

 

Manual simulator program: clicking on the mimic diagram allows operation of track circuits, blocks and 

bells.  The point and signal positions are repeated by changes to the diagram graphics.  A log of bell 

signals sent and received is kept in the grids at the bottom of the window. 
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With progress on the Cowley Bridge building being made, the pressure was on to have Cowley Bridge 

ready for installation at its new home, so over the spring and summer of 2015 a concerted effort was 

made to complete the display.  The table for the display was brought to my workshop by Dick Hewett 

and, for the first time, the frame and blockshelf were put onto it outside on my patio to get an idea of the 

overall height of the whole thing. 

 

Peter Chatfield keeps a hold of the blockshelf as the components are fitted on the table outside my 

workshop to gauge the overall effect and test the height. 

However, the height inside my workshop would not allow me to assemble the complete display, so I had 

to remove the legs from the table and have it standing on a lower level, so that I could then offer up the 

blockshelf and arrange to drill the holes in the table that would secure the shelf and the supports for the 

diagram.  It was during this operation and at the last minute before completion that I was caught out by 

the front-heavy nature of the blockshelf - it toppled forward, the end caught on the adjacent radiator, 

and the indicator for the distant signals 43/44 smashed!  I was not happy and had to have a strong cup of 

tea and a sit down!  By great good luck the indicator mechanism was OK but the plastic casing was in 

several pieces and the glass was smashed.  However, I remembered that in the workshop loft was a box 

with bits that had been passed to me at the start of the project, and these included a repeater with a case 

that did have slight but reparable damage.  I was able to use that after making a minor repair to it and the 

local glass supplier cut a new piece of glass for £2.00.  The day was saved but it was the last time I did any 

handling of the shelf on my own! 

At last it was all ready, my wife even made a curtain to go round the table to enable things stored 

underneath to be hidden and to give a neat look to the display.  She helped me pack all the bits into our 

Volvo estate and on the morning of 2nd August 2015 I was up bright and early to head for Romsey and 

deliver Cowley Bridge Junction Mk2 to its new home. 
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On arrival at Romsey several Friends were recruited to unpack the components and stack them ready for 

assembly in the new building.  Luckily this building was at that point almost empty so we had a good 

space in which to work steadily and ensure everything was handled properly. 

 

 

Components of Cowley Bridge unpacked into the new building ready for assembly. 

 I had prepared an assembly guide with clear instructions as to how the display should be put together 

with particular emphasis on what items were heavy and/or awkward to manoeuvre.  I had also made and 

fitted travel covers so that the indicators and diagram were protected during transport and assembly, and 

these were designed to be left in place until everything was securely fastened together.  The lever frame 

had always been provided with a stout wooden cover which is left in place at all times the box is not 

actually in use as the levers are effectively irreplaceable. 

 

 

Alan Johnston tells Dick Hewett to follow the 

assembly instructions just like IKEA! 

 

 

The blockshelf has been bolted into place and 

Peter and Dick bring the diagram to go above 

the shelf 
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All items are in place including the power supply 

beneath the table as Peter unpacks the cables to 

interconnect the components of the display. 

 

It works!  Trains are running as finishing touches 

are made to the display.

The wiring to the two computers was completed and the “remote” one under Romsey Signal Box also 

provided with a telephone the same as the one on the blockshelf at Cowley Bridge, so the remote 

operator could make and receive calls to the box.  Happily all went well and by late afternoon trains were 

being signalled and the operation demonstrated to those present.  After something like 18 years the hard 

part was over! 

It was far from the end to developments though.  Work continued on a fully automatic program so that 

no “remote” operator would be needed.  In order to develop this program after Cowley Bridge had gone 

from my workshop, I used some of the programming for the manual simulation to code a new program 

which would emulate the box itself.  This meant introducing graphics for a lever frame and being able to 

operate those by clicking with the mouse.  With this program running on one computer and linked to the 

one being used for development, it was possible to continue to code the automatic program “off site.” 

 

The signal box emulator program allowing development of the controlling programs away from the actual 

Cowley Bridge Junction display. 
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Once the automatic program was in a usable state it was installed on the controlling computer at Cowley 

Bridge, and this gave operators the ability to choose a “manual” or “automatic” mode.  However, in use 

over time there were obvious things that needed to be improved on the automatic program, hardly a 

surprise as it is of course having to emulate the actions of three other signal boxes, the Riverside 

Yardmaster, and show all the trains moving on the diagram and their movements while not in station 

limits, all responding to the signals.  It became apparent that there was some difference in the program 

operation between the “live” one connected to the frame and the one I had where two computers were 

connected and the box emulation program run on one of those.  Further investigation revealed the 

problems to be related to the timings of the circuits.  Although the Arduinos run at a reasonable speed 

they are snail-slow compared to a modern PC.  Something else had to be done and so I thought what was 

needed was ANOTHER Cowley Bridge Junction!  Since there would be no lever frame, blockshelf or 

diagram for this, I decided to use one of the spare circuit boards and more Arduinos to build a smaller 

version of the display, which would use the same electronics and computer code as Cowley Bridge but 

small toggle switches for the levers, a little LED diagram and miniature block instruments using LEDs and 

rotary switches.  To be able to check the interlocking without being able to lock the switches representing 

the levers, three position switches were used and each had an LED above it.  When a switch (“lever”) was 

moved from, say, the normal to the centre position, the LED above was connected in place of the lock 

solenoid.  If the LED lit up then the computer was indicating the lever was free to be moved to reverse.  If 

the LED did NOT light then it showed the lever would be locked in the real Cowley Bridge. 

Use of this emulator enabled the timing issues to be resolved, and although it has not been used for some 

time now, it is available as and when further developments are needed.  It also means a fully populated 

circuit board is available if, heaven forbid, a problem arises that means the one in Cowley Bridge has to be 

replaced. 
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One other later addition to the display was made by designing and building another Arduino-based 

circuit, this time connecting to the telephone on the block shelf.  Controlled by the PC, this added a 

function for when a train was due to depart from Riverside Yard.  The controlling PC can make the 

telephone ring and then detect when it is answered.  At that point a pre-recorded message (saved as a 

.WAV file on the PC) advising of the train would be played to the listening signalman.  This meant 

recordings of each train message having to be made and Jamie Brooker kindly did this.  I am still hoping to 

get Bill Tyndall to do a new version in a more West Country accent – no offence Jamie! 

With Cowley Bridge in its new home, the Friends then continued with the installation of displays in the 

building, both around Cowley Bridge itself and other exhibits.  This picture shows how this has led to an 

interesting display, not only of the simulated box but also of information about it. 

 

The author and Jamie Brooker during work on the display, nicely illustrating the overall effect of the area, 

though slightly marred by the work proceeding on the programming! 

That concludes this series of articles and I would like to note my thanks to all the Friends who have 

helped with information and pictures as well as practical help during the project.  Also special thanks to 

John Hinson for providing copies of box diagrams from his collection. 

Finally, I would like to dedicate this series of articles to the memory of all the railwaymen from the Exeter 

area that over the years extended such a warm welcome to me and other signalling enthusiasts.  Sadly 

most are no longer with us, but they were definitely “old school” railwayman who knew how a railway 

should be run.  Thank you, it was great fun. 

------------------------------------------ 


