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Worlds first ATO railway 1969

https://www.ltmuseum.co.uk/collections/collections-online/photographs/item/2011-11258 https://www.ltmuseum.co.uk/collections/collections-online/photographs/item/2011-11258
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ATO on London Underground

• Victoria Line 1969 (upgraded 2011)

• Central Line (incl W&C) 2000

• Jubilee Line 2011

• Northern Line 2014

• District, Hammersmith & City, Circle, Metropolitan, 2019-

• Bakerloo & Piccadilly?
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Inherent Infrastructure Challenges
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Speed isn’t everything....
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Capacity Conundrum
• How can’t we increase capacity?

• Bigger Trains: Need bigger tunnels

• Longer Trains: Need new platforms in tunnels

• Faster Trains: A bit faster....but inherent geometry limiting

• How can we increase capacity?

• Run more trains, closer together

• Inter station lengths short, acceleration and braking more important

• More trains = Greater Tonnages
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ATO = Tonnage Increase 
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55% is Open
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Squat Type Defects
• Open sections

• AC Traction Systems

• Concentrated in areas of 

congestion, rarely in platforms

• Martensitic layer present above 

cracks

• Explosion in numbers found post 

ATO commissioning

• Why? 1.Studs: A squat type defect in rails

Grassie, S.L., Fletcher, D.I., Gallardo Hernandez, E.A & Summers, P.

Proc. IMechE Vol 226F, p. 243 – 256, 

Part F: J. Rail and Rapid Transit, 2012.

2. Simulation study of thermally intitiated rail defects

Scott, D, Fletcher, D.I. & Cardwell B.J.

Proc. IMechE Vol 228(2)F, p. 113 – 127, 

Part F: J. Rail and Rapid Transit, 2012.



11

Squat Type Defects
• Not the same as conventional squats1

• Need low adhesion conditions on railhead, rarely found in tunnels2

• Low speed slip recovery in ‘damp’ conditions, not ‘contaminated’ adhesion 

conditions2

• Simulations show capable of producing Tγ in excess of 2200J/m, capable of 

producing temperatures greater than 727oC to produce martensite2

• Manual driving much better at coping with low adhesion, not necessarily at 

maintaining timetables hence ATO.

• Best option is to re-design Wheel Slip Protection (S-Stock), however not a 

quick fix.....
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Standard Changes

• Rarely grow

• Ultrasonic Interval set by tonnage/defects

• Allows more time for them to be removed if required.....

• Multiple by re-railing or headwash welding process approved
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Preventative Grinding
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Thunderground!



15Corrugation

P2 Resonance Pinned-Pinned
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Corrugation

Rutting Trackform Specific
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A Constant Frequency Phenomena
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A Constant Frequency Phenomena
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Wearing out λ with ∆v

SPEED 55kph-40kph

TIME 18MGT

TIME 18-27MGT

55kph@42mm = 360Hz

40kph@42mm= 265Hz

360Hz@40kph= 31.5mm



20

Speed Distribution

• Max Speed 80kph

• Curvatures c. 500m 

• Tonnage Constant

• NTF15 with retrofit Pandrol

Vanguard

• 50mm @ 80kph = 444Hz

• Pinned-pinned spacing c. 1m
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Roughness Growth
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Roughness Growth

70% reach 

80kph

35% reach 

80kph
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ATO = No Coasting
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Traction Destroys Curving
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Not just rails that suffer...
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Long Term Trends
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Conclusions
• ATO = Tonnage increases                         Fatigue Cycles Reduced

• ATO = Poor low adhesion                         Squat Type Defects

• ATO = Consistent Speeds                         Corrugation Growth Rates

• ATO = Traction/Braking                             Traction Destroys Curving



Thank You
Any Questions?

A brand new ATO railway.....


