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1 Background 

Braking conditions are a fundamental issue for the 

railway and have been a limiting factor in network 

capacity & timetabling. This work was focused on 

taking high power microwave generated plasma out 

of the laboratory into a railway environment.  

The Imagination Factory with no experience in 

microwave-generated plasma has partnered with 

experts in this field to develop a mobile system 

which delivered 15 kW 2.45 GHz microwave 

generated plasma. Over a 3-year development 

program, the project moved from initial concept 

feasibility to an on-track demonstrator tested on live 

UK rail Network. 

 

 

Figure 1: Full-scale demonstrator lab on test track 

 

Figure 2: Road-Rail Demonstrator Prototype on UK Rail 
Network 

Development partners: 

• Microwave Technologies, France  

• Industrial Microwave Systems, UK 

• The National Physical Laboratory, UK 

• British Steel, UK 

• Network Rail, UK 

2 Introduction 

Effective railway acceleration and braking is reliant 

on the small contact patch between wheel and rail. 

This is roughly 1 cm2 and must support high loads 

under numerous different conditions. Traction in the 

contact is generated because of torque being applied 

through the driving wheelsets and low levels of 

traction, often known as low adhesion, between 

wheel and rail can occur under certain conditions and 

cause difficulties when accelerating or braking. 

The wheel-rail contact is an open system and 

therefore exposed to several conditions and 

contaminants, usually referred to as 3rd layer, that 

may influence adhesion. This can include natural 

contaminants such as leaves and organic debris, iron 

oxides and wear particles, as well as artificial 

contaminants such as sand, oil and salt. Some of the 

causes of low adhesion in the wheel-rail contact are 

well understood and can be predicted and mitigated, 

whilst others remain hard to prevent. Different 

environmental conditions such as temperature, 

precipitation and humidity change the properties of 

this third body layer and therefore change adhesion 

conditions on the railway. Low adhesion can lead to 

wheel slides and slips during acceleration and 

deceleration, which can cause large amounts of 

damage to the wheel and rail as well as causing 

safety issues and delays if a train cannot accelerate 

or decelerate when necessary. 

The use of microwave-generated plasma in the 

treatment of the railhead is hoped to remove any 

contaminant through thermal ablation, chemical 

reaction with active species and retard any further 

creation of biological matter through sterilization. 

The system will eventually be developed into a track 

cleaning system & as a braking aid on vehicles. 
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Figure 3: Product vision of track cleaning (top) and on-board 
train braking assistance (bottom) 

3 Microwave plasma & testing equipment 

The atmospheric pressure plasma was created within 

a dielectric tube placed in a TE01 monomode 

microwave cavity; the atmospheric plasma sustained 

in different inert gases (nitrogen, argon) as well as 

mixtures of inert gases with reactive molecules was 

jetted directly onto the railhead as to change the 

conditions for the wheel-rail interface – Figs. 4 & 5. 

This technology is hoped to be a game changer in 

enabling predictable and optimized braking on the 

railway network. Challenges encountered during the 

demonstration phase will be discussed. 

 

4 Challenges 

Thermal performance  

The focus of this work was to understand the 

relationship between gas flow rate and power input. 

While testing in the lab, a block of aluminum was 

used to measure the rate of temperature increase 

during the plasma treatment as to evaluate the 

relationship between flowrate, gas flow dynamics & 

microwave power input – Fig. 6. 

 
Figure 4: Plasma head cross-section schematic  

 

Figure 5: Laboratory set-up 

 

Figure 6: Effect of gas flow on plasma afterglow delivery at 
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The main objective of the work was to develop 

a downstream plasma with an intensity and 

concentration as high as possible. The quartz tube 

initially used to contain the gas flow/ignited plasma 

had limitations with temperature vs. microwave 

power input. It was therefore decided to embark on 

investigation into alternative ‘microwave transparent 

dielectrics’ which could support this goal. In addition 

to quartz, non-oxide ceramics such as silicon carbide 

(SiC), aluminium nitride (AlN) and boron nitride 

(BN) were investigated. Out of numerous tested 

dielectrics, sintered BN proved to the best choice in 

terms of thermal shock (cycles plasma on/off) and 

microwave ‘transparency’; in addition, BN could be 

machined into various forms enabling rapid iteration 

and development of plasma tube designs. The final 

15 kW system was able to ‘focus’ the afterglow out 

of a 3 mm inner diameter tube. 

 

Aggressive railway environment 

When passing from the static lab testing to the real-

world mobile testing, in order to protect the test 

equipment (especially the magnetron) from shock & 

vibration damage, a mobile platform using sprung 

AV mounts was built. Limitations of DMU (diesel 

multiple units) speed control & repeatability of 

braking cycle led to the exclusion of brake 

deceleration testing from the evaluation 

methodology for on-track testing. The track lateral 

movement and relative vertical movement limited 

the test site to the straight and testing within a 20 m 

zone with vertical movement less than 8mm. The 

plasma nozzle was pre-set to a maximum height of 

25 mm from the railhead, Fig. 7. During the testing, 

the track has been temporarily marked at meter 

increments to aid in analysis. 

 
Figure 7: Go-Pro image of plasma on the rail during mobile 

testing 

Testing was completed for 3 mm, 5 mm, 

7.5 mm ID plasma tubes at low (5 km/h), medium 

(10 km/h) and high (15 km/h) speeds with power 

ranging from 9-15 kW. The test area was marked 

with cones to aid the driver in getting to speed, 

maintaining speed during plasma delivery and 

braking to a safe stopping point. 

 

5 Results & Conclusion 

An understanding and optimization of 2.45 GHz 

microwave generated atmospheric plasma in the 

context of track treatment has been demonstrated. 

The effect on 3rd layer contamination has been 

demonstrated in the laboratory and on the track, Fig. 

8. 

   

Figure 8: Clean (left) and dirty (right) track 

Currently, 15 kW is the maximum power magnetron 

available at 2.45 GHz. In order to achieve a higher 

power microwave source, two main approaches are 

considered: i) using generators at 896 MHz, max. 

power 100 kW/unit, ii) using two 2.45 GHz 

microwaves generators in series. Knowing that when 

transitioning from 2.45 GHz to 896 MHz, the plasma 

density is believed to reduce by a factor of 

approximately 20, more testing will be needed as to 

validate the most viable solution (CAPEX, cost of 

ownership) and to maintain realistic electrical energy 

supply for onboard train systems. 
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