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Executive Summary 
This project studies the feasibility of using Digital Displacement hydraulics in non-

passenger rail vehicle applications in order to reduce emissions from diesel powered 

vehicles and provide more efficient transfer of power from future alternative fuel and 

electric powered vehicles. 

Artemis Intelligent Power is the global leader in Digital Displacement hydraulics ς a 

fundamental innovation which offers a radical increase in efficiency and control for a 

wide range of applicatiƻƴǎΦ Lǘ Ŏŀƴ ōŜ ŘŜƭƛǾŜǊŜŘ ŀǎ ŀ ΨǎǘǊŀƛƎƘǘ ǎǿŀǇΩ ŦƻǊ ŎƻƴǾŜƴǘƛƻƴŀƭ 

hydraulic pumps or can be integrated to bring system-wide benefits including improved 

control and reduced fuel consumption.  Artemis is working closely with majority owner 

Danfoss Power Solutions to further develop the core technology and bring a number of 

ground-breaking, sector-specific applications to the rail, off-highway and industrial 

markets. 

The project was completed in two phases, an initial research phase looking at each 

application area in non-passenger rail, followed by a more in-depth study of three 

chosen applications. Each of the three applications included a packaging, fuel and 

carbon saving analysis and business case study: 

¶ Development of a modular drive system concept for small locomotives and track 

maintenance vehicles ς WP6 

¶ Specification of a DD pump hydrostatic cooling system for a large locomotive -WP7 

¶ Investigate pump swap opportunities for road-rail and track maintenance vehicles ς 

WP8 

 

The modular drive system concept for small locomotives and track maintenance vehicles 

could lead to fuel and carbon reduction around 30% dependant on specific vehicle and 

duty cycle. Further refinement of this estimate could be made with further input from 

OEMs and operators. 

Specification of a DD pump hydrostatic cooling system for a large locomotive could lead 

to annual fuel savings corresponds to 2500 ς 5000 litres per vehicle and 6 ς 13 tonnes of 

CO2 emissions depending on duty cycle.  

The pump swap opportunities for road-rail and track maintenance vehicles that we 

investigated indicated that fuel savings of 20% could lead to 7,200 litres fuel saved per 

vehicle per year, corresponding to CO2 savings of around 19 tonnes per year.  
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Abbreviations 
BSFC   Brake-Specific Fuel Consumption 

DD   Digital Displacement 

DDP   Digital Displacement® Pump 

DMU   Diesel Multiple Unit 

DVT   Driving Van Trailer 

KERS   Kinetic Energy Recovery System 

MPV   Multi-Purpose Vehicle 

NPV Net Present Value 

RPM   Revolutions Per Minute 

TSU   Traction and Supply Unit 
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1. Introduction  
 

This report describes a feasibility study into the use of Digital Displacement technologies 

in non-passenger rail vehicles.  The main aims are to reduce emissions from diesel 

powered vehicles and to provide more efficient transfer of power from future 

alternative fuel and electric powered vehicles.   

Decarbonisation is a fundamental challenge facing all industries and is essential in order 

to tackle climate change.  It means reducing and ultimately eliminating carbon dioxide 

emissions. In February 2018 the Minister for Rail challenged the rail industry to remove 

all diesel-only trains from the network by 2040 and to provide a vision for how it will 

decarbonise.  

Although removing diesel-only trains from the network is the long-term goal, there is 

also a need for technologies that can reduce emissions in the short to medium term, for 

example, by recovering braking energy or improving transmission efficiency.  It is also 

important to look at the overall picture ς particularly in reducing CO2 emissions through 

modal shift from road freight haulage to rail, which is three times more energy efficient. 

Aligning with targets for delivery of a green electricity grid, wider electrification of the 

rail network remains the key enabler for decarbonising the rail network, however, 

interim solutions are required whilst electrification programmes are rolled out, and to 

address the decarbonisation challenge for sections of the rail network that may not be 

wholly electrified. 

In addition to carbon dioxide emissions there is also a need to reduce emissions of other 

damaging exhaust gasses and particulates. In 2012, diesel locomotive emission 

requirements in Europe were set out in the EU Non-Road Mobile Machinery Directive 

фт κ су κ 9/ {ǘŀƎŜ LLL.Φ  

1.1 Digital Displacement Technology  

In response to the low part-load efficiencies and limited controllability of conventional 

high-pressure, oil-ƘȅŘǊŀǳƭƛŎ ƳŀŎƘƛƴŜǎΣ !ǊǘŜƳƛǎ LƴǘŜƭƭƛƎŜƴǘ tƻǿŜǊ όΨ!ǊǘŜƳƛǎΩ ƘŜǊŜŀŦǘŜǊύ 

has developed a new kind of pump and motor. These Digital Displacement® (DD) 

machines can be used in many processes which were previously out of bounds to 

hydraulics and offer energy savings and performance improvements when swapped into 

most existing applications.  
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In DD machines, the flow-commutating and displacement-controlling mechanisms of 

ordinary hydraulic machines are replaced by solenoid-actuated valves that are triggered, 

as required, by embedded software running in a dedicated electronic controller.   

As illustrated in Figure 1, Digital Displacement pumps (DDP), motors (DDM) and pump-

motors (DDPM) have been built with powers ranging from tens of kilowatts for industrial 

and transport applications up to the multi-megawatt scale for a new class of offshore 

wind-ǘǳǊōƛƴŜ ōǳƛƭǘ ǿƛǘƘ !ǊǘŜƳƛǎΩǎ W-V partner company Mitsubishi Heavy Industries.  

DD machines comprise one or more banks of radial cylinders. In the example of the 

twelve-cylinder pump, shown on the left of Figure 1, the twelve are deployed as three 

banks of four cylinders, whilst the design of the 36-cylinder, 3.5 MW motor shown on 

the right, comprises six banks of six cylinders. The radial format allows valves to be 

placed around the perimeter of the machine where there is space for generously sized 

fluid-galleries. Compared with traditional machƛƴŜǎΣ ǿƘƛŎƘ ΨōǊŜŀǘƘŜΩ ǘƘǊƻǳƎƘ 

commutator and port-plate passages near to the shaft, this cuts down the energy losses 

caused by flow-throttling.  Figure 2 illustrates the fundamentals of a single bank of DD 

pump. In this case, the active low-pressure valve (LPV) and the passive high-pressure 

valve (HPV) are separate components. In more recent machines, the two functions are 

integrated into a single screw-in component. In the default idling state (left) the low-

pressure valves (LPV) remain open to a surrounding low-pressure volume. If the LPV is 

closed at bottom-dead-centre (right), the fluid is pressurised and delivered through the 

high pressure valve (HPV). 

 

 

 

Figure 1 - Left: óE-dynÈ 96ô DD pump with controller. Right: 3.5 MW DD motor. 



 

9 

If no contribution is required from an individual cylinder of a spinning DD pump or DD 

ƳƻǘƻǊΣ ƛǘǎ Ǉƛǎǘƻƴ ŎȅŎƭƛŎŀƭƭȅ ΨōǊŜŀǘƘŜǎΩ ŦƭǳƛŘ ƛƴ ŦǊƻƳ ǘƘŜ ƭƻǿ-pressure source and returns it 

at the ǎŀƳŜ ǇǊŜǎǎǳǊŜΦ ¢ƘŜǎŜ ΨƛŘƭƛƴƎΩ ǎǘǊƻƪŜǎ ǿŀǎǘŜ ǾŜǊȅ ƭƛǘǘƭŜ ŜƴŜǊƎȅΦ ! 55 ƳŀŎƘƛƴŜ 

ǊǳƴƴƛƴƎ ŀǘ ǊŀǘŜŘ ǎǇŜŜŘ ǿƛǘƘ ŀƭƭ ŎȅƭƛƴŘŜǊǎ ƛŘƭƛƴƎ ŎƻƴǎǳƳŜǎ ƭŜǎǎ ǘƘŀƴ лΦр҈ ƻŦ ǘƘŜ ƳŀŎƘƛƴŜΩǎ 

rated power.    

Whenever an individual cylinder is needed to contribute actively to the output of the DD 

ǇǳƳǇ ƻǊ ŀ ƳƻǘƻǊ ƻŦ ǿƘƛŎƘ ƛǘ ƛǎ ŀ ǇŀǊǘΣ ǘƘŜ ŎƻƴǘǊƻƭƭŜǊ ΨŜƴŀōƭŜǎΩ ƛǘΣ Ƨǳǎǘ ƛƴ ǘƛƳŜΣ ōȅ ΨŦƛǊƛƴƎΩ 

the appropriate valve(s). Full pressurisation then takes place and energy is transferred 

from shaft to fluid or vice-versa. At any time, the machine can go from idle to full power, 

or to any fraction of it, within half of a shaft revolution ς typically within 20ms.  

The plots in Figure 3 compare the measured efficiency of a DD pump across its full load 

range along with that of a swash-plate pump of comparable flow capacity. It shows why, 

in many applications including rail, it may be worth examining the case for the 

replacement of conventional variable-displacement pumps by their DD equivalents.   

Figure 3 - Comparative efficiency (hydraulic fluid power divided by 

mechanical shaft power) of a 96 cc/rev DD pump and swash-plate pump of 

the similar capacity. The test was conducted at 1500 rpm and a pressure of 

200 bar. 

Figure 2 - Single bank, 6-cylinder DD pump. 
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DD has other benefits aside from efficiency. Direct digital control of the high-speed 

solenoids means that many control modes (flow control, pressure control etc.) are 

readily available and tuneable through software parameters. The technology is very 

modular and scalable and has been demonstrated at power levels up to 7MW. Like 

other hydraulic machines, DD machines are compact and robust. Connection of 

machines with pipes or flexible hoses, rather than driveshafts, gives good flexibility in 

packaging options. The machines are made primarily of steel with a long service life and 

are easily recyclable.  

1.2 Energy storage 

Accumulators 

Accumulators can be used to store energy in a hydraulic system in the form of 

compressed nitrogen gas. They consist of a steel or composite vessel containing either a 

piston or a flexible bladder. On one side of the piston/bladder is nitrogen gas and the 

other side is filled with oil connected to the hydraulic system. When oil is pumped in the 

gas is compressed to store energy. The oil can subsequently be released back into the 

hydraulic system providing energy to the circuit as the gas expands. This can be used in a 

hybrid vehicle to store braking energy for example. Accumulators are good at handling 

high power levels but have a relatively low energy density. They are relatively cheap, 

have a long service life and are easily recyclable.  

Flywheels  

Flywheels have a larger energy density than accumulators but are more complex to 

integrate in a vehicle application. In the case of a hydraulic drive, the flywheel is coupled 

to a hydraulic pump-motor to store/return energy to the hydraulic system. Carbon fibre 

flywheels operating at extremely high speed in a vacuum theoretically offer the best 

energy density but require extreme precision and high levels of manufacturing 

technology, as well as a large reduction ratio to the motor. Another approach used in 

Figure 4 ï Cross-sections of bladder and piston accumulators. 
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some light rail vehicles, such as Parry People Mover, is a substantial steel flywheel which 

can be coupled directly to a hydraulic pump-motor without the need for a gearbox.  

1.3 Potential Application Areas in Rail  

DD pumps and motors can be combined to create a hydrostatic transmission suitable for 

a vehicle. DD motors operate equally well in either direction of rotation, which is 

especially important for rail vehicles. Hydraulic accumulators or a flywheel can be added 

to provide energy storage (e.g. for power smoothing or braking energy capture). A 

simple schematic of a hydraulic hybrid rail transmission is shown below.  

 

Note that the hydrostatic transmission offers an infinitely variable gear ratio so that the 

engine can be operated at the optimum speed for the power required. Packaging is very 

flexible as the engine/pump is coupled to the motor via pipes or flexible hoses. There 

can be multiple motors or even multiple engine/pumps.  

With DMU applications in mind, a version of this transmission was demonstrated by 

!ǊǘŜƳƛǎ ƛƴ нлму ƛƴ ŀ ŎƻƴǾŜǊǘŜŘ 5±¢ ǾŜƘƛŎƭŜΣ ǘŜǎǘŜŘ ŀǘ ǘƘŜ .ƻΩƴŜǎǎ ŀƴŘ YƛƴƴŜƛƭ wŀƛƭǿŀȅΦ Lǘ 

was powered by two JCB 129kW ecoMax engines meeting the latest emissions 

standards. The hydraulic motors were installed in a bogie. Test results were used to 

validate a simulation model, and this predicted a fuel saving of around 30% if applied to 

typical DMU duty cycles.  

Figure 5 ï Simplified schematic of hydraulic hybrid rail transmission. 
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DD can also be used to power the auxiliary systems on trains. In 2018 Artemis 

completed a project with ScotRail to demonstrate using a DD pump to replace the 

conventional pump powering the hotel loads in a Class 170 DMU. Results indicated a 

fuel saving of 6.7%. The project led to a follow-on project with Unipart Rail collaborating 

with Danfoss (who now have a majority share in Artemis) to trial a commercial version 

of the system. In this study we will investigate the use of DD for auxiliary drives in non-

passenger rail vehicles. One area where hydraulics systems are already extensively used 

is on-track maintenance equipment. This includes rail-borne excavators, rail grinders, 

tamping machines, ballast cleaners etc. In general, any application which uses a 

conventional hydraulic pump would benefit from swapping to a DD pump to reduce 

energy consumption and carbon emissions.  

 

 

 

 

 

 

 

 

 

Figure 6 ï DVT vehicle equipped with Digital Displacement series hybrid 

transmission by Artemis in 2018. 
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!ǊǘŜƳƛǎ LƴǘŜƭƭƛƎŜƴǘ tƻǿŜǊ ŀƭǊŜŀŘȅ Ƙŀǎ ŜȄǘŜƴǎƛǾŜ ŜȄǇŜǊƛŜƴŎŜ ƛƴ ǘƘŜ ŦƛŜƭŘ ƻŦ ƻŦŦ-road 

machinery thanks to its work on excavators, fork-lift trucks and wheel loaders. The 

excavator modification consisted of swapping a conventional swashplate pump with a 

DD pump. Both simulations and real testing were performed through this project. The 

image below shows the Artemis DD excavator under test.  

1.4 Methodology 

Based on Artemis prior knowledge and the scope of the RSSB competition, four main 

areas were initially identified to be studied in this project:  

¶ Small locomotive transmissions  

Figure 8 ï Tandem pump used for ScotRail Class 170 auxiliary drive project, 

installed on development rig for testing. 

Figure 7 - DD pump swap on a 16-tonne excavator. 
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¶ Large locomotive transmissions  

¶ Auxiliary drives  

¶ Track machinery  

 

In the first phase of the project, background research was carried out on each of these 

areas. This involved identifying and contacting industry stakeholders, attending trade 

shows and carrying out research online. The research aimed to cover both technical and 

commercial aspects. Apart from the four main study areas, we also aimed to be open-

minded about other opportunities that presented themselves during this phase.  

This research allowed us to conduct an initial analysis of each application area and the 

conclusions identified which areas were to be investigated in more detail in the second 

phase of the project. 

 

Trade shows that we attended during the project included:  

¶ Railtex on 14th May 2019. Held at the Birmingham NEC and exhibiting railway 

equipment, systems and services. It covered all four areas of research for non-

passenger rail and has led to several good contacts which are covered in the relevant 

sections of this report.  

¶ Railworx on 11th June 2019. An outdoor event as part of the larger Plantworx trade 

show. The visit was not very productive due to heavy rain, many Railworx stands 

didn't set-up and there were only about a dozen to start with. It seems that Railworx 

is a new addition that is not yet established. We did make a couple of contacts which 

are covered in the relevant sections of this report.  

¶ Rail Live on 19th June 2019. Held at Long Marston rail depot this is an on-site 

exhibition including live demonstrations. Fortunately, the weather conditions were 

favourable, and many good contacts were made especially in the track maintenance 

sector which are covered in this section of the report.  

¶ EXPO Ferroviaria on 2nd October 2019. Held in Milan and exhibiting railway 

equipment, systems and services including track maintenance equipment and service 

providers and locomotive manufactures based in Europe. Several contacts were made 

which are covered in the relevant sections of this report.  
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Project plan 

The Figure 9 below shows the overall project plan that was followed. The plan was 

regularly reviewed and revised to allow the work packages to be defined after the 

conclusions of the first phase of the project. The detailed work packages selected for 

phase two were: 

   

 WP6 ς Modular powertrain study 

 WP7 ς Locomotive auxiliary drive study 

 WP8 ς Track equipment pump swap study 

 

Figure 9 ï Project plan. 
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List of stakeholders, meetings and conferences  

Artemis presented their work on DD non-passenger rail applications at the following 

meetings and conferences: 

 Table 1 - stakeholder meetings and conferences 

 

 

 

 

Event Organisation Location Date 

Meeting Gmeinder Getriebe 

GmbH 

Artemis, 

Edinburgh 

24th April 2019 

Meeting, site visit  Direct Rail Services 

Ltd 

DRS, Carlisle 2nd May 2019 

Presented at Freight 

Policy Group meeting  

Rail Delivery Group London 8th July 2019 

Presented at RSSB Cross 

Project Meeting  

RSSB London 16th July 2019 

Presented at Freight 

Technical Committee 

meeting 

RSSB Derby 12th September 

2019 

Meeting Voith UK Artemis, 

Edinburgh 

19th September 

2019 

Rail (and UK) 

decarbonisation 

presentation 

IMechE Glasgow 17th October 

2019 

Meeting RSSB Artemis, 

Edinburgh 

23rd October 

2019 

Presented at Traction 

and Rolling Stock 

meeting  

RIA, Bombardier Derby 31st October 2019 

Presented at Plant 

Standards Committee 

meeting 

RSSB London 7th November 

2019 

Presented at UKRRIN 

annual conference 

UKRRIN Birmingham 21st November 

2019 

Meeting, vehicle survey  Direct Rail Services 

Ltd 

DRS, Carlisle 4th February 2020 
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The table below shows a list of stakeholder organisations that were of interest and 

contacted during the project. 

 

Figure 10 ï List of companies of interest. 

Company Contacted? Large Loco Small Loco Auxiliaries Machinery

Brodie Engineering Y x

CAF Y x

CER Y x x x x

Chrysalis Rail Services Y x x x

Clayton Equipment Y x x

Colas Y x x x

CZ Loco Y x

DB(GmbH) Y x

DB(UK) Y x

Deutz Italy Srl Y x

Direct Rail Services Y x x x

Freightliner Y x

G.O.S Y x

Gmeinder Gears Y x x

Gmeinder Lokomotiven Y x

G-Volution Y x x x x

Harsco Rail Y x

Hunslet Engine Company Y x

IPE Locomotori 2000 Srl Y x

M&EE Group Y x

Matisa (UK) Ltd. Y x

Network Rail Y x x x x

Network Rail (R&D) Y x

Nordco Y x

Nuova Ralfo Srl Y x

Perkins Engines Y x x

Plant standards committee Y x

Plasser UK Y x

Racine Rail Y x

Rail freight group Y x

Rail Plant Association Y x

Rail Products Y x

Railoc Srl Y x

Rexquote Y x

Ricardo y x x x x

Robel (Plasser UK) Y x

RSSB Y x x x x

South Cave Tractors (Unimog Dealer)Y x x

SRT Y x

Stadler Rail AG Y x

Steamology Y x x

Total Rail Y x

UNIFE Y X

Unipart Rail Y x x

UK Private Wagon Federation Y x x

Van Elle Y x

Voith Y x

Volker Rail (Kirow) Y x

Vossloh Locomotives GmbH Y x

Wabtec Y x x x

Windhoff Y x x

Zephir Spa Y x

Category
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2. Initial study 

2.1 Small locomotive transmissions  

Introduction 

The nature of this application, as envisaged in the study, is one where wheelset loading 

is somewhat less than the maximum of 21.5 Tonnes permitted by Network Rail in the UK 

for RA7 i.e. light axle-load.   

The immediately obvious vehicle that this would apply to is shunting locomotives.  But 

there have also been developments in intermodal freight where lightweight, self-

propelled, multiple units for freight have been employed in place of conventional heavy 

locomotives (as will be explored in a separate section).  In both cases the driveline 

configuration is likely to be very similar.  A driveline, which uses Digital Displacement 

hydrostatics, is very likely to be configured in the same way that Artemis opted to drive 

the DVT (see section 1.3).  This is effectively a hydraulic analogue of the common EMU 

driveline, with an engine-driven pump replacing the generator and a hydraulic motor 

driving each wheelset via a reductioƴ ƎŜŀǊ ƳƻǳƴǘŜŘ ƻƴ ǘƘŜ ǿƘŜŜƭǎŜǘΩǎ ŀȄƭŜΦ 

Whilst it was felt that there was very limited technology development needed for this 

application, there were concerns over the commercial prospects. 

Background research 

The focus from the start was determining the potential market which could be 

addressed in conventional shunting engines.  To this end we spoke to several 

manufacturers, both in the UK and in Europe. 

Following conversations with shunter manufactures in the UK it became apparent that 

the number of new shunting locomotives being manufactured was very small.  Our 

collaborator Andy Martlew of DRS informed us that shunting in the UK was largely 

carried out by time-expired mainline freight locomotives or old British Rail shunters, 

which very much limited the market for special-purpose small locos.  Gmeinder 

Locomotiven make small numbers of shunters in Germany.  Our conversation with their 

associated company revealed that they had applied their limited R&D budget toward 

developing battery powered locomotives.  They expressed no interest, and had no 

resources, to explore diesel-hydraulic drivelines.  New, low-cost, conventional shunters 

are available from Turkey, which severely damages the market for producers in high 

wage countries, eg. Tülomsas DH7000. 

Shunting duties are also carried out by rail-road vehicles such as the Unimog road-railer 

BlueTec 6, which is capable of shunting 1,000 ton loads. This option provides lower cost 

and fuel use over locomotives as well as the versatility of skipping on and off the rails 

and onto the highway.  This type of commercial vehicle modification will be discussed in 

more detail in Section 2.5. 
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Figure 11 ï Unimog road-railer carrying out shunting work. 

How DD could be applied 

The small locomotive driveline is envisaged to be a variant of the system Artemis 

created for the DMU driveline.  This would use a commercial diesel engine with a power 

rating of 100 ς 200kW and modern emission controls.  It would drive an Artemis E-dyn96 

pump, either single or tandem, depending on power rating.  The flow from the pumps 

would be routed to a powered bogie which would have both wheelsets driven by 

hydraulic motors through a single stage reduction gear.  The bogie architecture would 

be extremely similar to that of an EMU, with the significant difference being the 

substitution of a hydraulic motor for the electric equivalent.  The high torque density of 

hydraulic machines, coupled with their inherent self-cooling (through the hydraulic 

fluid), allows the hydraulic machine to be both smaller and lighter for the same torque 

rating.  Regenerative energy storage could be deployed but, given that many freight 

applications would make little use of this feature, it might be installed only on an as 

needed basis.  The DD driveline is modular, so additional engines and driven wheelsets 

can be added as required for the desired traction levels needed in the vehicle. 

Initial Analysis 

Technology analysis 

The Artemis modular driveline would package well in a conventional shunter layout, 

with the compact hydraulic motor easily fitting in next to the wheelset.  The 

conventional single prime-mover could be replaced with several smaller and cheaper 

high production-volume engines, each mounted in a removable skid that could be slid in 

from the side, above the frame rails.  The skid would be entirely self-contained with the 

engine driving an Artemis E-dyn96 pumpς providing for all necessary functions, such as 

cooling, exhaust, etc.  The skid would be bolted down to the chassis and have only fluid 
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connections for fuel supply, hydraulic hoses for the transmission and electrical signal 

and power cabling.  This multi-engine approach has been successfully trialled (at least on 

a technical basis) in the US.  Hydraulic transmissions make power sharing between 

multiple engines very much easier than it would be with mechanical drives.  The 

stop/start nature of shunting operations might also make the use of regeneration 

attractive, again the system of gas accumulators that we developed for the DVT could be 

adopted. 

The TRL level of the Artemis system for this application is relatively high.  The engine-

driven pumps will be released as a product very shortly by Danfoss, the majority owner 

of Artemis.  The gas accumulators are well proven.  Conventional hydraulic motors of 

sufficient rating are available from several manufacturers to drive the wheelsets.   

A three-cylinder version of what will be a larger 12 cylinder, 500cc, Artemis Digital 

Displacement motor (needed to complete a full DD transmission) has just completed a 

test - running successfully for 620 hours at 1000RPM and 350 bar.  This machine will 

need further development to reach production, but is already meeting performance and 

durability targets. 

Commercial analysis 

As related earlier, there is currently a very small market for shunting locomotives in the 

UK.  The existing suppliers are not of sufficient size to undertake the development of a 

new product range with this form of driveline.  The same would seem to apply to 

Europe. However, in future, the growth of intermodal hubs means that this market is 

likely to increase. It is difficult to tell if the market would be big enough to justify the 

cost of development of new shunter transmissions. Furthermore there may be stiff 

competition from road-rail solutions such as that shown in Figure 11. 

Environmental impact 

Because of limited commercial prospects, this aspect has not been explored in detail.   It 

is expected that the fuel and carbon reduction inherent in the switch to DD regenerative 

drivelines would be in the range of 30%.  Further, the adoption of clean modern diesel 

engines would make a significant impact on NOx and particulate emissions. 

2.2 Light Intermodal Freight (additional area) 

During a meeting with DRS, exploring the nature of freight transport in the UK, Andy 

Martlew stressed the increasing importance of intermodal freight to fill the network 

capacity arising from the demise of coal.  Intermodal freight offers huge benefits in 

terms of lowering energy usage (1/3rd as compared to road hauled), reducing the 

volume of lorry traffic on trunk roads and significantly affecting the wear and tear on our 

highway system a.  Currently UK rail freight haulage is largely confined to main trunk 

routes. There should be opportunities to increase the rail freight volume through 

development of the intermodal network.  As approximately 60% of the UK rail network 
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is not electrified, this spread of freight distribution will need to be powered by non-

electric means.  The fact that much of the non-electrified system is on the periphery of 

the network also means that it is likely that smaller trains would be needed to provide 

the appropriate intermodal services.  Containerised freight is a global phenomenon, so 

this need might well be more widespread than just in the UK.   

A potentially promising means of delivering this vision was first demonstrated by the 

Windhoff CargoSprinter of 1996 and the later, autonomous, Siemens CargoMover of 

2002 (which was, in fact, a modified CargoSprinter).  These used a driveline similar to 

the one commonly used in DMUs to propel themselves, as well as unpowered wagons, 

which carried the intermodal container freight.  The type of driveline that Artemis 

developed for the DVT would have appropriate power and traction capabilities for this 

type of application on non-electrified rails.   

The barrier to the wider adoption of the autonomous CargoMover wagons in the 2000s 

seems to have been the track control systems in place at that time which were not 

sophisticated enough to accommodate them.  There appears to have been some 

adoption of these systems in closed networks on mineral extraction facilities.  The 

opinion of DRS is that the network control system remains too limited for this to be 

adopted in the UK at this present time, particularly in mixed traffic.  RSSB is aiming to 

improve ǘƘŜ ǎȅǎǘŜƳΩǎ ŦƭŜȄƛōƛƭƛǘȅ ŀƴŘ ƛǎ ǎǘŀǊǘƛƴƎ ŀ ǇǊƻƎǊŀƳƳŜ ǘƻ ǎǘǳŘȅ Ƙƻǿ ǘƻ Řƻ ǘƘƛǎΦ 

 
Figure 12 ï Windhoff CargoSprinter 

Following discussions with operators and manufactures of this type of vehicle we learnt 

that in general the technology was successful, except when driving axles were not fully 

loaded due to wheel slip. Commercially it was a failure, with all but two sets 

subsequently converted to other on-track equipment uses.  Andy Martlew similarly 

cautioned us on the difficulties of making an economic case for light freight trains like 

the CargoSprinter.  
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It is perhaps notable that the vehicle originally developed for this purpose has been in 

continuous production with over 200 units built to date.  The two remaining 

CargoSprinter sets are in Australia, where they continue to carry freight on a daily basis.  

Their owner Colin Rees is on record as promoting higher capacity CargoSprinters in 2005 
b. We have contacted Colin and expect to have further dialogue with him.  He is still very 

keen on this technology.  It could prove to be easier to introduce it outside of the UK.   

 

2.3 Large locomotives transmissions 

Introduction 

The Artemis DMU DD transmission, described in Section 1.3 above, has the potential to 

be scaled up for higher power locomotives. Several engines could be used, with some 

engines shut down when power demand is low, reducing tick-over losses. In addition, 

due to an infinitely variable transmission (IVT) system, the engines speed would be 

optimally controlled for maximum operating efficiency. Some regenerative braking could 

also be included using accumulators. Auxiliary loads could be powered by energy 

recovered during braking. The challenge in this application is developing the DD 

transmission technology readiness level at the multi-MW scale required.   

Background research 

Our main source of research material this area was from our collaborator in this project, 

DRS. They have provided us with information on large freight locomotive specifications 

for current and earlier generations of freight locomotives that have been popular in the 

UK over the last 50 years. DRS have also provided some information on more global 

trends in North America and Europe. Below is a brief description of some more recent 

UK large locomotives. 

The Class 66 was built between 1998 and 2015, there are over 500 of these in the UK 

and it is the primary freight locomotive in the UK. They were manufactured by GM in the 

USA, though built in Canada. These vehicles became popular as they were very reliable 

and economical to operate.  Their major weakness was an all DC system with drive to 

motors equal at all times.  In the event of wheel slip, all axles must have their torque 

reduced. They are limited to 75MPH, particularly by the fact that the traction motors 

and gearboxes are attached to the axle (rather than bogie).  DRS own 19 of these 

vehicles.  

We had an opportunity to be shown around one of these vehicles during a tour of the 

DRS Carlisle depot. Engine to wheel efficiency is estimated to be 82% by operators. The 

industry will be looking to replace these vehicles in the next 10 to 20 years. 
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Figure 13 - Class 66 locomotive 

The Class 70 was built between 2008 and 2017. They were manufactured by GE in the 

USA. These vehicles were fitted with AC-AC drives which can regenerate braking energy 

to drive auxiliaries, however excess energy is not stored but dumped as heat through 

brake resistors. The AC-AC drive system allows individual axle torque control, providing 

a massive advance in traction technology. DRS have never operated the Class 70 

locomotive.  

 
Figure 14 - Class 70 locomotive 

The current UK fleet of Class 68 vehicle were built between 2013 and 2017.  They were 
manufactured by Stadler Rail (previously Vossloh Rail). These vehicles fitted with four 
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AC-AC driven axles and blended rheostatic electropneumatic braking. 34 vehicles are 
operating in the UK by DRS. 
 
The Class 88 is a dual mode version of the Class 68 also manufactured by Stadler in 
Spain. These units can operate either by overhead lines or by using an onboard diesel 
engine, the body shell and much of the equipment is the same as the Class 68.  
 
Both the Class 68 and the Class 88 were designed for higher speed and lighter loads 
(lower torque) than previous locomotives due to change in typical loads, a move from 
heavy coal to lighter high value commercial goods. Vehicle components were selected 
for their compactness and lower weight. This also explains the move from 6 axles to 4 
axles. 

 

 
Figure 15 - Class 68 locomotive 

Vehicle layout 

All but the most recent locomotives had the same general layout of drive train. A large 

diesel engine driving one or more electrical generators or a high voltage electrical 

system sitting amidships and large cooling radiators to one end of the power unit 

standing vertically and longitudinally in a parallel configuration such that they drew air 

in from the sides of the loco and expelled it upwards from a cavity between the two 

radiators.  At the other end of the power unit, varying levels of control and power 

electronics cabinets are located. Fuel tanks and batteries are sited on the underside of 

the vehicle. The figure below shows the layout of a Class 88 dual mode locomotive. 
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Figure 16 ï Layout of a Class 88, dual-mode locomotive 

Powertrain 

The four or six axles of UK freight locomotives can be loaded at 21 tonnes each to 

comply with rail limits.  A design friction coefficient of 0.37 is envisaged in dry conditions 

between wheel and rail.  The means a maximum usable tractive force of 79 kN per axle, 

the wheels generally being 1100mm in diameter giving a maximum torque at the axle of 

44 kNm.  This effectively defines the requirements of the driveline. There is no value in 

having any more torque available beyond the limit of adhesion. The brake discs tend to 

be attached to either side of the wheel pans, which means that they are out of the way 

of the drive equipment in the centre of the vehicle. 

Modern locomotives mount the traction motor to the bogie frame. The weight of the 

motor is carried entirely by the bogie frame, to which it is rigidly attached. The axle is 

driven through a flexible coupling at the final drive. The far end of the gearbox is 

suspended from the bogie frame to allow the gearbox to move relative to the bogie 

mounted drive motor. This arrangement reduces the un-sprung weight on the wheels 

and therefore reduces wear. For the Class 68, the gear ratio between electric motor and 

axle is 4.25:1. 

 
Figure 17 ï Class 68 bogie and axel drive design (left) and approximate 

layout (right) 

Operations 

Reliability and maintainability are very important.  The early BR locomotives tended to 

make the engines and other components difficult to access, modern designs have all the 






















































































