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1. Introduction
On Friday 30th December unit 230001 was booked to undertake a test run from Tyseley to
Nuneaton and back via Leamington Spa, operated by West Coast Railways on Vivarail’s behalf. The
objective of the test run was:
•

To test the reliability of a replacement genset fitted just before Christmas, and another
Genset that had a coolant leak repaired;

•

To build mileage accumulation;

•

To gather comparative pass-by noise data to support approvals evidence; and

•

To record point to point timing data on the Coventry to Nuneaton Route to support planning
activity in relation to proposed passenger operation.

In addition, Vivarail were using the opportunity to build experience and knowledge of new
maintenance technicians and product familiarity for members of the management team.
During the test run a Genset on vehicle 300101 caught fire resulting in the Fire Brigade attending
the unit to extinguish the fire.
This report is the full report into the event, including a detailed event description, the findings of
the inspection and investigation, and conclusions and action plan to prevent re-occurrence.

2. Terms of Reference
The key requirements of the investigation were:
•

To seek to identify the root cause of the fire that broke out in the genset of vehicle 300101;

•

To assess the performance of systems influenced by the fire and identify any necessary
improvements;

•

To identify any changes required to the genset or vehicle design to prevent further failures
and/or improve performance in any future fire event;

•

To identify any changes required to Vivarail or the genset supplier’s build or maintenance
processes to prevent further failures; and

•

To identify any lessons learnt for Vivarail, the genset supplier and the wider Railway
Industry resulting from the findings.

Extensive photograph and video footage will be used to record the investigation.
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3. Investigation Details
Vivarail have conducted an investigation into the events of the incident seeking to establish the
cause of the fire. The investigation has been led by Andy Hamilton - Vivarail Assurance Lead and
overseen by Adrian Shooter CEO. The evidence will be collected and managed following good
practice principles.
The incident was reported to RAIB by West Coast Railway Co at the time of the incident. Following
the issue of the initial event summary, RAIB confirmed that they would not be taking part in the
investigation.
The investigation has conducted throughout with the full co-operation and assistance of Revolve
Technologies.

3.1.

Recovery of Unit

Following assessment of the unit at Coventry it was established that direct recovery from Coventry
to Long Marston by road vehicle represented the lowest overall risk to the rail network. To achieve
this a small amount of work was required by Network Rail to a 50m stretch of unused track that
leads to the current Coventry Station Car Park to enable the recovery.
The vehicles were recovered from the Network via the car park on the evening of 9th January.
On arrival at Long Marston on 10th January the unit was marshalled into the formation that it was
at the time of the incident and quarantined until the commencement of the inspection on the 12th
January.

3.2.

Interviews of Personnel on board

Each of the on-board personnel have completed a written recollection of the events on the day.
These has been utilised to detail the account set out in 4 Log of Events and have been made
available to the investigators.
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4. Log of Events
This log of events is compiled from the eye witness accounts, the vehicle on board data recorders
and from Network Rail and Fire Service Logs.
On Friday 30th December unit 230001 formed of vehicles 300001 – 300201 – 300101 left Tyseley
on 5Z30 Tyseley Steam Museum to Nuneaton. The unit operated normally between Tyseley and
Leamington Spa. At Leamington Spa, the unit was shunted via the south end of the station and back
into the centre road of the station.
At 1254, as determined from the OTDR data, the unit leaves Leamington Spa station heading
towards Coventry. The unit accelerated up to 60mph using up to notch 6 (maximum is notch7 –
trace shows notch 7 was only engaged for a brief couple of seconds – the drivers had been asked
to avoid using notch 7 as two of the engines were effectively brand new zero hours engines). The
unit then coasted.
A short period after leaving Leamington Spa two of the Vivarail Management (Viva A & B) team
who were travelling in the rear coach noticed puffs of smoke emanating from the right hand side
of the train. This smoke became more consistent and changed colour from white to black. At this
point they sought out the Vivarail Test Leader to report the issue.
After coasting for a short period the train speed began to drop and the Driver re-applied power in
notch 6. The OTDR records a Torque figure for each traction motor derived by the Traction
Equipment – it can be determined that both gensets on vehicle 300101 were operating and
producing full power up to the point that the Fire Alarm sounded.
At 12.58.50 the Fire Alarm sounded in the Drivers Cab. The Driver not driving at that point (Lead
Driver) sought out and informed the Vivarail lead technician (Technician A) that the fire alarm had
gone off in the cab. Technician B headed towards the rear of the train and Technician A headed
towards the front to investigate. As Technician B got to vehicle 300101 he met Viva A heading in
the opposite direction to inform of the smoke. It was immediately apparent that there was
significant fire on the underframe and Tech B rapidly returned to the driving cab of 300001 to
inform the driver and to suggest that he stop the train.
Rapid thinking on the part of the two drivers resulted in a call to the Signaller requesting permission
to proceed to Kenilworth Loop. The Signaller requested permission to return signal LC6505 to
danger to be able to re-route the train into the loop. The Driver agreed and at 13.02 started to slow
the train with the brake to allow the signal to be reset safely.
While approaching LC6505 the driver noticed that the main air reservoir pressure was dropping.
This continued and at 13.02.40 when the air pressure dropped to below the required level the
emergency brake applied automatically and the train came to a stand 100m prior to signal LC6505
alongside the site of the new Kenilworth Station works.
Following permission from the Driver the Vivarail Lead Technician left the train via the Drivers Door
on 300101 and moved towards the position that the smoke was coming from. It was evident that
the smoke was coming from the Genset at position 2 on the vehicle and that there was fluid
dropping from the bottom of the genset that was then burning on ground. The Lead Technician
returned to the cab and shouted a warning to all the staff to evacuate 300101 and to move towards
300001. He then took the cab fire extinguisher and discharged it into the genset through the
radiator on the RHS facing travel. He also extinguished the burning liquid in the 4ft but this kept re
igniting as soon as the extinguishant was removed.
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Figure 1 - OTDR Trace of Journey from Leamington Spa to Kenilworth

The Lead technician then proceeded along the cess to the cab of 300001 to inform the Drivers of
the situation. At that point one driver was talking to the Signal Control Centre and the other Driver
was speaking to the Emergency Services Call centre to summon the Fire Brigade.
The Lead technician then proceeded down the LHS of the train with the fire extinguisher from the
300001. By this stage the Lead Technician reported flames emanating from the radiator on the LHS
and that it was possible to see orange/red (presumed to be flames) inside the genset through the
flames and flames again in the 4ft between the running rails.
The second extinguisher was directed into the genset via the radiator. It is reported that this
appeared to dampen the fire but resulted in acrid black smoke being given off which forced the
Lead Technician to retreat. Both sides of the unit were monitored until the Fire Brigade arrived.
Flames reappeared after this prior to the Fire Brigade arriving.
At approximately 13.20 it was reported that the Fire Brigade were on site. They ordered all
personnel to evacuate the train and escorted them to a suitable safe point off the Network. All nonessential personnel were moved from the site with the Drivers and Technicians remaining to deal
with the unit once the Fire Brigade released the unit. During this period the Network Rail Mobile
Operations Manager (MOM) arrived on site and took control of the incident from a Railway point
of view.
The Fire Brigade initially struggled to get access and had to remove part of a fence but then doused
the fire with a hose and remained on site until 1500 monitoring and cooling the genset.
During the period waiting for the Fire Brigade to release the unit the Drivers discussed the potential
recovery plans with Network Rail. The prospect of needing to haul the train with an emergency
coupler and locomotive was discussed.
Following permission to return to the unit at 1500 the Vivarail technicians examined the train and
determined that with the fire damaged vehicle electrically and pneumatically disconnected the unit
was capable of moving itself with the remaining good power car – however an air leak in one of the
gensets on 300001 resulted in a significant period before the unit was fit to move. At 16.45 the unit
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moved under its own power. The unit was moved to Coventry Yard where it was made secure by
the Technicians reported as 17.43 in the NR Log.
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5. Impact of Fire
The immediate impact of the fire resulted in the train being stopped on the mainline and all the
occupants being evacuated. No injuries were sustained by any of the Vivarail or West Coast Team
members. The fire caused sufficient damage to make vehicle 300101 unfit to be powered up due
to the damage to the underframe electrical and pneumatic systems, however vehicles 300001 and
300201 were undamaged and able to operate normally, and therefore able to tow 300101 to a safe
stabling location pending recovery.
The fire occurred in the genset adjacent to the No 2 end bogie and was generally contained within
that bay between the HV/LV bay and sander box. Fire and heat had emerged from either end and
top of the genset case causing damage to wiring and piping within the genset bay and to the
peripheries of adjacent bays and from each end of the genset bays to the bodyside panelling as
exhibited by smoke/fire damage to and minor rippling of the bodyside panelling.

5.1.

Genset 4 Initial Examination

The Genset fitted to position 2 on vehicle 300101 was serial No GS4.
The Genset frame, structure and fixings all remained intact and usable as evidenced by the ease
with which the unit was removed from the vehicle. The normal process was followed and the only
hitch was created by a pipe or loom that had partially melted and attached itself to the frame.

Photo 1- Removal of fire damaged genset

Top cover that sits above the engine was removed to gain a better view of the damage. It was
immediately clear that there was considerable damage, as would be expected, with most
combustible material reduced to ash sat in the bottom and with evidence that some of the
aluminium intercoolers mounted at the top of the module had also partially disintegrated.
No further components within the genset were touched or removed at the initial inspection.
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Visual inspection indicated specific spots where the heat had clearly been more severe than the
general level of heat – these may prove significant during the next phase of the investigation.
The genset fitted to position 1 was serial No GS2. This genset appears completely undamaged. This
has been subsequently confirmed by a more thorough inspection and operation on the Vivarail
load bank to operate the genset at full power.

Photo 2 - Damaged Genset
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Photo 3 - Underframe and fire barrier

5.2.

Vehicle 300101 underframe and structure inspection

Following removal of both gensets from the vehicle, it was raised on jacks to allow a full
examination of the underside.
The Fire barrier immediately above genset position 2 has remained partially attached to the subfloor and shows signs of distortion due to the heat which probably resulted in the fixings failing.
Initial examination shows that, where visible, the bottom surface of the sub floor is intact and
certainly within the saloon including under the seats there is no visible damage.
There is paint damage to the solebars and crossbars 7A and 8 indicating impingement of the fire,
and there is splatter from solder, copper and other materials on the surface.
Using a straight edge there is no perceptible distortion of these major members both longitudinally
and across the sections. An initial measurement across this genset bay in both longitudinal and
lateral directions show that the build dimensions have been maintained.
There is no visible damage to the major fixings but further examination will be required following
removal of the fire barrier panels.
There is smoke damage to the panelling on both sides of the vehicle in the genset area. The LHS
panel is buckled on the lower edge and further up the panel. However, the aluminium angle that
fixes the panel to the solebar top flange is straight so that the 3mm thick panel is only locally
distorted. Furthermore, looking at the inside face of the panel from the equipment bays under the
seats there is no indication of heat damage to the anti-drumming compound on the inside
indicating that there has been little heat input into this panel.
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A material hardness test has been carried out on a number of areas of the underframe that have
been subjected to the heat of the fire. The results of these will be compared to the original
specification of the material and other unaffected areas of the vehicle, and any degradation
considered against the original build strain gauge testing report to ensure that the underframe is
fit for continued use.
Subject to this comparison and confirmation of initial findings, it is anticipated that the vehicle
bodyshell is fit to be repaired for re-use.

5.3.

Vehicle 300101 Passenger Saloon

The initial inspection has revealed no visible damage to the passenger saloon including to the vinyl
floor indicating that the Fire Barrier above the engine did an excellent job. There is very minor
smoke residue that is evident around the doors nearest the location of the fire – this most likely
occurred when the Fire Brigade opened the doors to check for any fire in the saloon.
Lifting the floor to reveal the under-floor wiring tray again confirms that there was no significant
heat damage to the floor structure. However, heat has entered the wiring tray through the ducts
that allow wiring to pass from the tray to the underframe equipment and there is significant
damage to the cable insulation around these ducts.
It is evident that all the wiring in the underfloor will require replacement.
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Photo 4 - Saloon Interior Immediately Above Fire

Photo 5 - Underfloor Wiring
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6. Further Examination Observations
6.1.

Forensic Examination of Genset 4

Following the initial inspection, a further forensic examination of the Genset was arranged.
Attendees included Vivarail, a Forensic Engineer appointed by Vivarail’s Insurer’s and the genset
supplier.
The examination sought to examine possible sources of ignition. As such following the removal of
the damaged intercoolers to reveal the remaining components, a full inspection was undertaken of
the following elements:
Electrical Cabling & Terminations – Attention focussed on the main 12v Battery Leads between the
Battery and the engine starter motor and alternator, and the high voltage cabling associated with
the main alternator machine and associated equipment. Although most the cabling had suffered
significant damage in the fire and insulation had been destroyed there was no evidence of any high
energy electrical events that could have caused an ignition source. Terminal boxes on the alternator
and associated equipment were opened and it was clear that the cable terminations were still
sound, with no evidence of loose connections or shorting.
Turbo-charger, Diesel Particulate Filter and Exhaust – All the elements of the exhaust gas structure
were observed to be complete and unbreached, suggesting that there were no escaping hot
exhaust gases.
Low Pressure Fuel Pipework – A significant proportion of the rubber low pressure fuel hose had
been melted and or burnt which would have allowed the escape of fuel into the base of the genset
frame. The genset houses a Facet Fuel pump attached to the base of the genset unit close to the
inlet point of the fuel. This fuel pump is a low pressure pump (max 0.5Bar) with a flow rate of 3.75
l/min. The supply to the genset and hence to the pump would be cut by the fire alarm circuit. The
LP Fuel system includes a standard Ford plastic fuel filter housing with a metal filter cartridge. The
plastic housing had been completely destroyed by the fire and the filter element had dropped into
the base of the unit.
It was noted that the design of the low-pressure system had several features that would have
contributed to the volume of fuel released into the fire and hence the intensity and length of time
the fire continued to burn:
• The genset is equipped with a fuel solenoid that closes when the fire alarm activates. The
design intention was to prevent fuel entering the genset in a fire situation. However, the
positioning of the solenoid is at the top of the genset on the opposite side to the fuel inlet
position, and between the inlet and the solenoid are approximately 1.5m of flexible hose,
the fuel lift pump and the fuel filter housing and filter. Consequently once the fire had burnt
the flexible hoses from the inlet position, fuel is likely to have entered the genset as a result
of a syphoning effect from the fuel tank;
• The majority of low pressure fuel pipes are of flexible type. Markings from the undamaged
pipes Gensets 1 to 3 showed markings “HYDRA SAE100R6 and were showing signs of
deterioration (cracking)in the rubber as shown in Photo 6. A quick internet search suggests
that SAE100R is the standard for Hydraulic hoses (with SAE J30 covering automotive fuel
hoses). The temperature operating range for SAE100R6 hose is -40 to +100oC and there is
no apparent requirement for any specific fire resistance properties.
• The fuel filter arrangement is the standard Ford automotive arrangement that would be
found in Ford road vehicles using this engine. Whilst the filter cartridge itself is metal (and
survived the fire) the housing is plastic and was destroyed.
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•

The manual fuel isolation cock is situated immediately adjacent to the genset making it
unsafe to operate when the genset is on fire. IT was also noted that this left a significant
amount of underframe hose and pipework with no protection therefore possibly leading to
a significant fuel spillage if this were to be breached by collision with items left on the
infrastructure.

Photo 6 - Low Pressure Fuel Pipe - showing signs of cracking in outer rubber

High Pressure Fuel Pipework – All the high-pressure fuel pipes were observed to be complete and
intact with no evidence of any fractures. Following the discovery of fuel leaks on other gensets (see
6.2 Examination of undamaged gensets) close attention was paid to all the high-pressure
connections. Whilst acknowledging that the heat in the genset could have disturbed previously
torqued connections, it was decided to undertake a torque test on the high pressure connections
on the injectors and fuel manifold. A torque wrench was set to 20Nm (Ford specification is 30Nm)
and each connection was tested. All but one connection demonstrated a consistent tiny movement
before the torque wrench activated. The one other connection was the connection onto No5
injector and this was observed to move more than all the other connections although still less than
1/8 of a turn. It was also noted that whilst all the other connections were dry and still showing the
effects of the heat, No5 injector and No4 injector to a lesser extent appeared and felt slightly oily.
This might have indicated the continued leaking of fuel even after the fire was extinguished.
Compressor – The compressor and the fixed pipework on the air delivery side all appeared in tact
apart from the oil sight glass included in the side of the compressor nearest the DPF. This sight glass
is made of plastic and this pipe was not present – presumed melted in the fire. This sight glass is in
close proximity to the DPF which is expected to have surface temperatures of 250oC. It was noted
on another undamaged genset (See details for GS1 in 6.2 Examination of undamaged gensets) that
this pipe had been breached apparently as a result of excessive heat from the DPF. This would have
allowed the compressor oil to have escaped.
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Auto Oil Top-up system – The genset has a tank of approx. 5l of engine oil that is used to top up
the engine sump automatically as required. The tank is made of plastic and it was noted that the
tank was not present – presumed melted. This would have allowed around 5l of engine oil to be
released into the base of the genset.
Coolant Systems – The genset has 2 separate cooling circuits – one for the engine and one for the
compressor and alternator. These are supplied by a single coolant header tank and the total
capacity is approximately 34l. The coolant header tank is plastic and was missing – presumed
melted in the fire. This would have allowed up to 34l of ethylene-glycol to be released into the base
of the genset.
Fire Extinguishant System – The fire extinguisher was found to be empty and the meltable fire ring
destroyed. On examination of the bottle it was determined to be an FM200 gas chemical
extinguishant as expected. Given the mode of operation of the fire system (i.e. release of the
extinguishant from a melted point on the fire ring causes a drop in pressure in the bottle in turn
causing a pressure switch to close which activates the fire alarm and shuts down the genset) it is
evident that the extinguishant was released. However, the continued presence of fire after the unit
had come to a stand suggests that this system was at best only partially successful in extinguishing
the fire.

6.2.

Examination of undamaged gensets

Genset Nos 1, 2 and 5 were fitted to 230001 in addition to GS4 at the time of the fire.
Genset 5 – Fitted to 300001 - GS5 is a relatively recent build (GS5 & 6 built in autumn 2016 to
provide spares to GS1-4 for the mainline testing and proposed passenger trial). In early November
when the unit was still at Long Marston prior to the commencement of testing GS5 suffered a
turbocharger failure. This failure was apparent due to thick smoke coming from the exhaust (not
the genset housing) and it was also noted that the exhaust outside the genset housing was white
hot due to oil burning within the exhaust. An investigation revealed a very early hours failure of the
Turbo-charger compressor shaft due to contamination in the bearing. Consequently, GS5 was
returned to the genset supplier for an engine replacement. Due to the long delivery of the normal
South African Spec Crate engines that have been the core of the Gensets to date the genset supplier
used an EU Spec short engine and built this into a South African Spec engine. GS5 was delivered to
Tyseley and fitted to unit 230001 on 12th December. On the 13th December GS5 was reported as
smoking by London Midland Traincrew staff who were undertaking some training on the unit
statically at Nuneaton. Examination by Vivarail technicians resulted in a suspected coolant leak and
that the smoke was in fact steam as it smelt strongly of ethylene glycol. Upon return to Tyseley the
genset was removed from the unit for a fuller examination and a pin-hole coolant leak was
discovered in a blanking plug – however the genset supplier Technician attending the genset also
noted a fuel leak from a High-Pressure fuel connection and fuel pooling around the cylinder head.
The suspect connection was “nipped up” and checked with the engine idling prior to refitting the
genset. When the unit was stabled at Coventry after the fire it was noted that GS5 had fuel dripping
from the base of the genset about 5 minutes after starting the engine.
Following removal of GS5 from the train at Long Marston the genset was connected to the Vivarail
load bank and run up to max power at max rpm. It was noted that the fuel was still leaking at full
power even though it was not visibly leaking at idle. The offending connection was again tightened
and re-tested to ensure the leak had been eliminated.
Genset 1 – Fitted to 300001 – GS1 was understood to be operating normally at the time of the fire.
Following release of the unit by the Fire Brigade the crew attempted to prepare the unit for moving
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from the mainline. They were frustrated by an air leak that was preventing the main reservoir air
pressure building up. Investigation identified that the air leak was coming from within GS1. When
GS1 was examined following removal at Long Marston it became apparent that the air leak was
coming from a holed oil sight glass on the side of the air compressor that is shaft driven off the
engine via the GKN alternator. Close examination of the pipe revealed that it was breached close
to a union fitting at the top of the sight glass – the nature of a vane compressor means that the
sump is effectively pressurised and this hole will have led to a loss of air and oil from the
compressor. It was noted that there was no evidence that any escaping oil had sprayed onto the
adjacent DPF. It is concluded that the plastic oil sight glass is not capable of continued exposure the
heat of the DPF.
Other than this GS1 appears to be in good condition with no evidence of fuel leaks.
Genset 2 – Fitted to 300101 Position 1 – This genset was determined to be operating normally at
the time of the fire. The fire brigade injected a significant amount of water through the radiator
into this genset as part of their “cooling” process as they determined that there was a “hot body”
inside the genset with their thermal imaging equipment. Following a thorough inspection after
removal from the vehicle no damage could be found caused either by the fire or the water. The
genset has been tested on the load bank at Long Marston and is working normally.

6.3.

Other relevant information and observations

Fire Classification - For the chosen classification of the Class 230 to allow unrestricted operation
through all UK tunnels, the Rolling Stock TSI requires the vehicle to be capable of operation for up
to 15 minutes to enable the driver to choose where to stop to facilitate safe passenger evacuation.
Clearly in this instance the vehicle failed to achieve this requirement due to the loss of air caused
by the melting of the air hose within the genset.
Genset 3 – At the time of the fire GS3 was at the genset supplier’s workshop receiving attention. It
had been returned for attention to a non-starting fault which transpired to be an air lock in the fuel
system that required the fuel system to be disturbed to cure. The genset was returned to Long
Marston on the day of the forensic examination of GS4 and was fitted to vehicle 300100 to allow
the vehicle to remain movable whilst the other gensets were removed and examined. The genset
was started and briefly tested.
Later in the week the genset was started to perform some shunting with the vehicles. It was allowed
to run to build up air pressure in the main reservoir. The vehicle was then moved to start the
shunting and within a short period significant amounts of white smoke started to appear from the
genset. It was shut down and removed from the vehicle and inspected. Fuel was found to be
present around the top of the engine. The genset was connected to the load bank and started to
determine where the fuel was coming from. At idle no significant leaks were noted, but once the
genset was operated under power at its maximum 3000rpm a significant fuel leak was experienced
from one of the connections between the HP fuel pipes and an injector. See Photo 7 - GS3 at Idle
& Photo 8 - GS3 Fuel leak under power.
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Photo 7 - GS3 at Idle

Photo 8 - GS3 Fuel leak under power
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High Pressure Fuel Pipes – Since the fire event 2 other gensets (GS3 & GS5) have been found to
have significant fuel leaks from HP fuel pipes that were worse under load than at idle. Both gensets
had received recent attention that included attention to the fuel systems.
Initially it was understood from the genset supplier that the fuel pipes used on this model of engine
could be re-used – however the workshop manual extract provided to enable Vivarail to check and
refit the fuel pipes on all engines clearly states that the fuel pipes should be disposed of and
replaced. The genset supplier have subsequently stated that this is only relevant to damaged items,
but this appears at odds with the Ford instruction supplied.
Fire Suppressions System – gensets 1 to 4 were initially equipped with a passive fire suppression
system. It comprises a 2kg extinguishant bottle with FM200 gas extinguishant with an isolation
valve, a pressure gauge, a pressure switch, and a fire ring. It has been confirmed that 2kg is within
the design parameters for an enclosure of the size of the genset. The fire ring is laid and attached
around the genset covering the areas of highest risk. The fire ring is made of a material that melts
when exposed to fire causing the extinguishant to be released into the hottest part of the fire. The
resultant drop in pressure of the extinguisher causes the pressure switch to operate which shuts
down the genset and activates the fire alarm in the drivers cab. If there is no pressure in the bottle
or if the isolation valve is operated it is not possible to start the genset and the driver would see a
fault light.
The activation of the fire alarm during the fire event indicates that the fire suppression system
operated as intended, however the continued presence of fire after the alarm went off indicates
that in this instance it was of limited effectiveness. The fact that the driver noticed the main
reservoir pressure dropping sometime after the initial fire alarm with the train stopping some 4
minutes after the initial alarm suggests that if the fire was extinguished it did not take very long for
it to re-ignite and then melt the air pipe causing the air leak, even though the presumed source of
fuel (diesel leak) would have been stopped when the engine stopped.
During the investigation, the genset supplier declared that they had changed the type of fire
extinguishant in Gensets 5 & 6 that have been built since summer 2016 from FM200 to a Dry
Powder extinguishant. They had concluded following consultation with their supplier that Dry
Powder was more suited to the application and that it was their intention to change gensets 1 to 4
to Dry Powder at the first suitable opportunity. On inspection, all the undamaged gensets at Long
Marston were found to be fitted with a Dry Powder extinguisher confirming this position, however
the marking on the bottle on GS4 confirms that this was still fitted with a FM200 bottle. Further
enquiries have confirmed that when GS4 received attention in December it had been the intention
to fit a Dry Powder bottle, however due to the item having a quality defect identified during fitting
it was returned to the manufacturer and the FM200 bottle refitted due to the demand for a
repaired genset to be made available for the train.
The possible reasons for the ineffective extinguishant have been considered and include:
•

The extinguishant being blown away by the air movement within the genset. This air
movement will have been generated by the natural movement of air around and through
the genset due to the speed of the train, and/or the operation and air flow generated by
the cooling fans within the genset; and

•

The gas extinguishant will have a limited cooling effect and therefore if the heat source and
the fuel still existed after the gas dispersed, re-ignition is likely to occurr.

OTDR – After the initial download and interrogation of the OTDR data it became apparent that the
specific journey data for the journey from Leamington Spa to the fire stop point was missing from
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the download from 300001. However, once the full download from the recorder was returned to
the OTDR manufacturer they were able to extract the full data for all journeys. The investigation
into the problem is ongoing at this time.
CCTV – Following the download of the data from the CCTV system it became apparent that despite
all the status lights suggesting that all was well and recording was occurring – no recorded data was
available after 13th December 2017. The recorder has been returned to the supplier for a full
investigation.
Vehicle Fault Indication Systems – In the review of the incident it was noted that the Driver gets
no indication of a Genset fault in a vehicle other than the vehicle that they are driving from. Normal
convention would be for the General Fault light to show in all cabs when a system such as a genset
flags a fault with a local fault light in the cab of the vehicle the system is sited on.
Start Relay Failures – Examination of the fault history for the gensets reveals 3 recorded failures of
Relay “1.7 Restart Engine Relay 48V”. The physical evidence of this shown in Photo 9 which shows
the result of excessive heat in the coil causing the plastic casing to discolour and melt.

Photo 9 - Restart Engine Relay 48v Overheating

The relay is situated in the electrical control box on the genset which was intact after the fire and
therefore it is clear that the overheating of this relay could not have been the cause of the fire. The
relay coil is fed by a 48V feed from the vehicle electrical system through Pin W on the multipin plug.
The cable on the vehicle side and the genset side of the plug are 1.5mm2 and appropriately
protected by a 5 amp circuit breaker on the vehicle. In one of the 3 recorded failures of this relay
the mcb had tripped and there was no sign of any undue heat in the cables. This has therefore been
eliminated as a possible cause of the fire.
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7. Investigation Findings
a) The finding of the investigation is that the fire was caused by diesel fuel escaping from the high
pressure fuel system and being ignited by a hot body, likely to have been the turbo charger.
b) This core finding is supported by several pieces of evidence including:
•
•
•
•
•
•

GS4 had received recent attention that included the high pressure fuel lines being
disturbed;
There were no other apparent sources of ignition evident during the forensic
examination of the genset;
There is evidence that No5 injector connector was not as tight as the other similar
connectors and No5 injector connector also appeared oily or damp during inspection;
High Pressure system fuel leaks have been discovered on 2 other engines that have
received recent attention including to the fuel system;
The procedure that was used to refit the fuel pipes did not follow the Ford workshop
manual advice not to reuse the pipes;
Fuel leaks have been observed that are only present when the genset is operating at full
power;

c) The fuel leaks were not identified due to a lack of suitable or sufficient testing procedures and
equipment within the genset supplier;
d) The Fire suppression system was ineffective for this particular event for the following reasons:
•
•

the fire extinguishant was FM200 gas which would have been susceptible to being blown
away by the air movement; and
without any significant cooling effect, it is likely that the turbocharger remained hot
enough to re-ignite any fuel still dripping on it;

e) The intensity and duration of the fire was made worse by several design features of the current
gensets including:
• Siting the fuel solenoid valve away from the fuel inlet port combined with the melting
of the low-pressure fuel lines is likely to have resulted in a fuel syphon from the tank to
the base of the genset thus fuelling the fire with fresh diesel;
• The manual hand isolation cock was sited too close to the genset preventing the
traincrew operating it whilst the genset was on fire;
• The lack of fire resistance of the fuel pipes and fuel filter housing will also have added
to the fresh fuel available to the fire;
f) The flexible pipework internal to the genset that delivered compressed air from the compressor
to the outlet of the genset was breached by the heat of the fire, and because this pipe is on the
vehicle side downstream of the one-way check valve it allowed all the main reservoir air on the
unit to escape through the breach resulting in a brake application once the low main air
governor detected the loss of pressure;
g) The fire barrier above the genset resulted in minimal damage to the vehicle floor and prevented
any effect of the fire reaching the passenger saloon;
h) The cabling between the underfloor ducts and the underframe equipment cases succumbed to
the heat of the fire resulting in significant damage to the cabling, although it is unclear how long
it would have been before this compromised the ability of the vehicle to continue to operate.
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8. Conclusions
The Fire that occurred on unit 230001 on 30th December 2016 was caused by a fuel leak in the highpressure fuel system on Genset 4 that was subsequently ignited by a hot body – likely to have been
the turbocharger. The fuel leaks were likely caused by a repair intervention on Genset 4 by the
genset supplier and not spotted due to the lack of suitable test procedures post repair work.
The passenger saloon of the vehicle was unaffected by the heat of the fire, despite the intensity
and duration, and whilst some smoke did enter the saloon the rate of build-up and intensity were
such that had passengers been on board it would have been possible to evacuate safely.
Several contributory factors led to the fire being more intense and burning for longer than might
have been the case, including the design of the low-pressure fuel system and the design of the fire
suppression system.
The fire alarm worked correctly and allowed the traincrew to quickly assess the situation and plan
where to stop and the GSMR radio allowed rapid and effective communication with the Controlling
Signaller.
The fire damage to the air pipe internal to the genset and subsequent loss of main reservoir air
pressure led to the train stopping out of the control of the driver, thus failing to meet the
requirement to be able to operate for 15 minutes after the outbreak of a fire.
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9. Proposed Actions
Vivarail have identified a number of actions with the intention of:
•

Ensuring that a fire of this nature never re-occurs; and

•

To mitigate the impact of any future incident through design improvements to the vehicle
and genset, in particular to improve the resilience of the vehicle systems to allow the
vehicle to continue to operate for 15 minutes in a state of fire.

The proposed actions are summarised here but are detailed and will be tracked in Vivarail
document VR-AT-17-001:
a) Vivarail will implement an immediate additional test regime to ensure that all gensets are
operated at maximum output on the Vivarail load Bank prior to fitment to a vehicle after any
genset work is undertaken to ensure that there are no fuel leaks when the engine is on full
power;
b) A full review of the processes associated with engine work and in particular the high-pressure
fuel pipe system and post work test regimes;
c) A full review of the genset maintenance and repair practices of both Vivarail and the genset
supplier;
d) A full design review of the genset to address the weak points identified by this investigation
including:
•

Low Pressure fuel pipe system including position of the fuel cut off solenoid,
specification of flexible hoses, positioning and specification of the fuel filter, and the
positioning of the manual fuel isolation valve. As a minimum, this will include using as
much fixed metal pipework as possible, and where used flexible pipework will be of a
fire-resistant standard such as BS EN 7840 Small Craft Marine hose or equivalent;

•

Type and design of the primary Fire Suppression system with the aim of significantly
enhancing the effectiveness and to install a secondary system to operate once the train
comes to a stand;

•

Compressed air delivery pipework and associated one-way check valve;

•

Air Compressor sight glass material and positioning.

e) A review of associate vehicle systems including the driver fault indication process and
protection of wiring looms in the vicinity of the gensets.
f) Review the issues found with the OTDR and CCTV systems with the manufacturer and
determine if any faults should be shared with the wider railway industry.
g) Review the driver fault indication system with a view to including more local system faults in
the unit general fault circuit.
Some actions are already underway as this report is completed and all will be completed and
implemented prior to the unit being made available for mainline running.
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