
Caprotti 100 Years
• Thorough mechanical tests have been made in 

1919 on a gear built to natural size and run in the 
shops of Officine Meccaniche Miani & Silvestri in 
Milan, the tests being controlled by the Italian 
State Railway Officials for several weeks in all the 
different working conditions and at all speeds, both 
forward and backward, and also at a speed much 
higher than what could be expected in service on a 
locomotive. The Italian State Railways being 
satisfied with the result of such tests, resolved to 
apply the new gear to one of their Consolidation 
engines Gr . 740, which was being built in the 
above shops and gave a regular order for it.
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First Caprotti Locomotive



Test Track

Summit
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Walschaert’s 
versus 
Caprotti
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Expanding 
the Business
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Caprotti had a family association with the 
Caprotti Bank with offices in Scotland. 
Restaurateurs & Ice cream makers of Glasgow 
formed a substantial contingent of Italians.

He was introduced to William 
Beardmore and on 22 Sept 1923 
formed a company called Valve Gears 
Ltd.

21 Share holders, 19 Italian, 10 
Restaurateurs.

Directors Pio Del Frati (Caprotti Banker), Arturo Caprotti, 
Lord Invernairn of Strathnain and Alexander Galbraith –
both of Beardmore’s.



Beardmore –
Innovating 
company

• Ships
• Guns
• Aircraft
• Airship R34
• Aero Rail cars
• Marine Engines – Steam 
– Supercharge Diesel -
Turbine
• Locomotives



Beardmore’s 
drawing office



Falmouth Dock Tug St Deny’s Formally the 
Northgate Scot



Marine 
Caprotti

G
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Marine 
Caprotti 
Cambox
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Marine 
Caprotti
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• Falmouth tug with 50 year 
service with Falmouth 
towage.

• Now in a French museum.
• The web site does not 

mention it’s Caprotti Heritage.
• The most efficient engine in 

the fleet.
• It’s near miss when bombed 

in the War..
• Post war upgrade.



Locomotive 
Building



LNWR Prince 
of Wales –Joy 

Valve gear



Caprotti’s 
sales facts for 

Italian Cambox 
Design

• REF: Beardmore A New Locomotive Distribution Gear using 
poppet valves



LNWR 
Claugtons

The guiding light at this time was H.P.M, Beames 
who was the resident engineer at Crewe, though 
not the Chief Mechanical Engineer of the LNWR, 
Beames was a Caprotti exponent and later 
produced schemes for the conversion and building 
of more ex LNWR, loco’s with the gear . 

Locomotive 5908, latterly LNWR No. 1327 (Alfred 
Fletcher) was turned out of Crewe works in July 
1926 with Italian made Caprotti 4 CN gear . In this 
type two camboxes drove 2 pistons each - eight 
valves associated with one inside cylinder, one 
outside the frames. 
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Caprotti 4CN
Cam box



Caprotti Engine 5908
GS0
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Caprotti on the LNER 
B3 Lord Farringdon

• 4 cylinder 4-6-0
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Arturo Caprotti cited the 
advantages of his gear as: 

Economic: 

• Reduced fuel consumption 

• Reduced oil consumption 

• Minimum of maintenance costs 

• Smallest stock of spare parts 



Arturo Caprotti cited 
the advantages of his 
gear as: 

• 2. PRACTICAL 
• Infinitely variable cut off between 3% and 88% in fore and back gear 
• Widest range of economical working with full open regulator  - Best 

utilisation of steam through thermodynamically correct valve events 
• When coasting, free and automatic bypass, gear can remain in any position. 
• Springless (A later development) vertical valves, no lubrication of valve 

spindles necessary as the opening movement is less than 25 mm and there 
are no bearing surface loads.

• Full reversing with less than one turn of the handwheel. 
• Safe and easy working with counter steam in case of danger. 
• Gear and all drive and reversing parts enclosed in oil and free from dust. 
• Particularly suitable for use with ultra high superheat temperatures 

through the metallurgy of the valves and seats which require no 
lubrication. 

• Precision made from high quality materials to ensure longest possible life.
• Easy access to all critical parts. 
• Cambox removable easily, can be replaced with a spare to reduce down 

time. 
• Lighter in weight than piston valve gears. 
• Test plant used to determine cambox accuracy before erection to loco, 
• The same cambox is used on left and right cylinders, reduces spares stock. 
• 3 year guarantee on all parts. 



ALE Rotary 
Cam Gear -
Franklin



Hugo Lentz
(Own company Austria)

Arthuro 
Caprotti

(Own company Italy)

1923 Valve Gears 
Ltd

Glasgow – manufactures 
sponsored by W. Beardmore

1932 Caprotti Valve 
Gears Ltd.

66 Victoria St ,London –
Design & manufactures

1923 W. Dederich & Co
Agents for German manufactures

1924 Lentz Patents Ltd
London – Manufacturing agents

1931 Associated Locomotive Equipment Ltd
London – Manufacturers of Oscillating Cam and Rotary cam valve gear 

based on Lentz. 54 Victoria St, London

1936 Caprotti valve gear Ltd brought out ALE

1934 Dabeg Slack 
Adjuster

1925 Kyle chap 
Exhausts + Dabeg 

feed pump

1936 Motorvapore Steam 
Motors (Milan) Marine 

Caprotti

1935 Heinl Feed 
pump

Hauber Piston 
Packing

The Take over



Reidinger forms own 
company

Locomotive Valve gears Ltd, 30/34 
Buckingham Gate, London

CVG active

1944 CVG as a 
company 

discontinues
A Reidinger left to work 

with Rendel Parmer 
and Tritton ALE Resurrected to contain all 

activities of CVG and dormant 
ALE, 32 Duke St, London

1966 Cease of Trading

ALE Dormant

1939 Kylchap 
Exhaust

1937 Franklin NY

1969 Dissolved



F J Kruretschka takes Charge 
charge…

Ex WW1 U-Boat Captain.
Naval organization in the 

office
Effective Technical control.
Respected in the industry.

But not for long



Kruretschka –
Leaves for holiday.
He did not expect 
War to start in 
September
He never returned



War begins



Major Cantlie addresses 
War time shortages
• German sourced parts
• Italian sourced parts.
• Hauber Piston Packings
• Heinl Feed pumps
• Dabeg Slack adjuster
• Dabeg Kylechap support
• Dabeg feed pumps.



Staff loss - Johnson



Mr E W Martin takes over 
from Major Cantlie



War ends

• Short comings of the original Caprotti cambox are 
addressed with a redesign by Fred Jones and Tom 
Daniels.

• Caprotti engines are free steaming, and faster only at 
shorter cut offs. They are suited to high-speed running. 
For longer cut-offs Walschaerts, Stephenson and Joy 
give better performance.

• Variable compression addresses poor starting 
acceleration of Caprotti engines, and performance at 
longer cut offs.



Valve gear
• 1 . Ref: C158 Cours de Locomotive A vapeur – Chapter IV- Mecanisme Tome 
III.
• 2. Lead is the amount by which the piston valve is open to live steam when 
the piston is on forward or back dead centre.
• 3.  Variability of the consistency of Lead is a feature of Link geometry

Lead, and valve events.Valve gear

Constant lead at all speed and cut offs. (1)Walschaerts

Variable lead at its maximum at full gear, decreasing to zero or 
negative at mid gear. (1)

Stephenson

OC poppet valves are actuated by one link motion drive, and 
hence admission and exhaust events are tied.

Oscillatory Cam - Lentz

Blank sheet of paper ! – Separation of admission and exhaust 
valve events is possible.

Rotary Cam ALE RC, Caprotti, Cossart



Angles defined:
A=Lead
B=Cut off
C= Release
D= compression

RD

RD

DC

Franklin

Franklin

Walsch

Walsch

DC



Comparative 
Valve Opening

More 
flow 

area at 
shorter 
cut off

Later release at 
shorter cut off
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The selection on the blank 
sheet

Top line original Caprotti 
with 60% fixed compression.

Middle line, New British 
Caprotti with variable 
compression similar to 

Walschaerts
Bottom line Walschaert’s 

valve events
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British Caprotti 
Type 2C0

Valve 
buried in 
cylinder 
casting

Drive 
from 
crank 
shaft

Drivers 
controls



3D CAD 
Solid Model



Today – Complexity costs nothing



Video of Cam movement

• Caprotti is simple to understand in three steps.
• Linkages from drivers controls give collar positions.
• Collar position translation to angular position.
• Cam movement – analogue computing
• Exhaust valve is an OR Gate function
• Inlet valves are an AND Gate function



Linkages from Reversing 
crank to scroll Nut

Reversing 
crank

Nuts



Video of linkage operation



Section on 
Cam shaft



Section 
showing 

worm drive





Poppet valves
• Why Poppet valves are necessary.
• 1. Very high superheat +400 Degree C 
makes lubrication difficult due to the oil 
cracking -carburizing. 
• 2. Valve mass reduction of double 
beat poppet valve moving parts (4 kg) 
compared to piston valve (100 kg) of the same 
flow capacity.
• 3. Reduction in valve travel. Piston 
valves are about 200 mm, Poppet valve travel 
is 1/8th the valve diameter or about 20 mm.



Short cut off



Long cut off



British 
Caprotti in 
the UK



British 
Caprotti in 
the UK



BR Reaction



British 
Caprotti in 
the UK



Fred Hawkesworth and Sam EllFred Hawkesworth and Sam Ell







What was 
missed…



















Poppet valves on the King Class



BR Class 9 – Poppet Valve 
Calculations
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BR Class 9 – Poppet Valve Calculations
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www.ferroviefelettane.it

https://www.youtube.com/watch?v=pDmM4vtjGO8

LOCOMOTIVA FCS400 with 
Caprotti CP2 cambox

• Alberto in Italy is famous for 
model engineering skills. Here 
seen on his Big Boy.



Thank you

Questions

Referenced documents 

Hugh Philips archive HMRS

Beardmore Built – Ian Johnston

2023 G Shirley


