Piston vs. Caprotti Valves - The Final Discussion?

The following discussion is a response by David &dbe dated 3rd Sept 2009 to several
observations and comments put to himJohn Duncarn support of the adoption of British
Caprotti valve and valve gear on the 5AT locomative

Wardale’s responses are published on this webishtes aequest. He presents 28 responses, each
being preceded by the individual comment to whicklates.

Note: Both John Duncan’s original comments and DaWardale’'s responses have been
transcribed from image scans into digital form&very effort has been made to ensure correct
transcription.

Note: John Duncan's comments 1 to 7 (below) relategta@ment by Wardale that appears on
this website saying:

"Caprotti valve gear is expensive specialist eq@pinso piston valves and Walschaerts valve
gear have been chosen because with Porta refingriggy give a performance of the same
standard and at much lower capital cost. Indicdtagrams from the "Red Devil" - which the
5AT will greatly improve on - have proved that. Cdn. Attewell produce figures to show that
poppet valve gear requires "considerably less" pdawérive than Porta-type lightweight piston
valves driven by Walschaerts gear running in neealler bearings?"

John Duncan's Comment 1

Cost:- In the 1957 build BR Std. ‘5’ Walschaerawe gear 73165-71 cost £25,606 per
loco. In the 1957 build BR Std. ‘5’ British Captiotalve gear 73146-54 cost £28,469 per
loco. Difference in capital cost of £2,863 perdomtive, a small amount of capital cost
(10%) compared to the cost of mileage exams ostarpivalve fitted locomotive.

Wardale's Response: The BR5 increase in capital cost for Caprottivealis 11.2% from the
cost figures you give, not 10%. If thigerereplicated for an actual 5AT construction cost of,
say, £3 million, it would amount to £336,000, ndsaall amount.” However it is not possible
to say what the relative costs for the 5AT would Ibethe case of the BR5, BR workshops were
fully tooled up for producing piston valves and W&daerts gear, whereas relative to this
Caprotti gear was specialist (see point (3) bel@an})l the engines so fitted had to have different
cylinders, probably quite an additional expense.the 5AT everything has to be designed and
produced from scratch, the piston valves and Waksth gear are more sophisticated than in BR
times, andeverythingassociated with steam locomotives tends to béennature of specialist



equipment now. Hence the relative cost is an opestépn. The only way to settle it would be to
make 100% detailed designs for both and have tlosted, not an exercise likely to be done.

John Duncan's Comment 2
The British Caprotti valve gear ran from Generakfnaul to the next.

Wardale's Response:"British Caprotti valve gear ran from [one] geslesverhaul to the next."
On average the BR5s on the LMR ran some 189,005r(802,000 km) between general
overhauls frondata given by Cox for 1957 (a figure, incidentagsily beaten by the Southern
West Countries which were then almost all unrebisth much for commonly held perceptions!)
From page 241 ofhe Red Deviyou will see that the piston valves, rings, spindles angeval
liners of that locomotive required attention ony2&0,000 km intervals. Other things being
equal, the distance travelled by a piston valvd,f@nce its wear, per km is inversely
proportional to the coupled wheel diameter. Adpugtihe above figure for the larger wheel size
of a BR5 vs. the 26 Class (74" vs. 60") gives 308,km. Therefore we have already shown that
Porta type piston valves would also go from oneegaroverhaul to the next without attention.
But this does not allow for the 26 Class figuremfelepressed because of incorrect materials
being used for certain valve components, intermittigbrication starvation, and a persistent
foaming/priming problem, the scourge of lubricati@i this is documented on page 240Tdfe
Red DevilWithout these, the periods between attention wbeltbnger still. The same period -
or longer - applies to the valve gear, with all ¥¢alaerts pivots on roller bearings and
mechanical lubrication of the expansion link - doeli rubbing surfaces (a standard fitting on
the SAR 25 Class). Therefore your inference thgthagher capital cost of Caprotti gear would
be saved by reduced maintenance charges is intoftexreason for this is that you are basing
your argument on the piston valve design prevaarBR in the 1950's. But, as you know, the
S5AT will not have such valves, therefore any argntiesed on them is not valid

John Duncan's Comment 3

British Caprotti valve gear was not specialist pguent. Camboxes and the poppet valves
were standard. The cylinders could fit on the deftight hand sides. The drive shafts were
standard Hardy-Spicer carden shafts with standaincersal joints

Wardale’s Response: Compared to piston valves and Walschaerts gesrditi valvesvere
specialised equipment. Saying the equipment wasdsird" is not the point. By "specialised"” is
meant requiring an engineering effort to produdbat was higher (i.e. more sophisticated) than
that required for piston valves because of grgaterision, special materials, specialist
manufacture in the case of the cams, etc. In #ise ‘standard’ components could be
specialised.



John Duncan's Comment 4

BR standard ‘5’ with British Caprotti valve geaotol.87 HP in full forward gear to drive
the valve gear on both cylinders (BR test resuit38154).

Wardale’s Response:'BR5 Caprotti gear took 1.87 hp to drive in foltward gear'. Power
being a function of speed, this figure is meanisgheithout giving the speed at which it was
measured: full forward gear suggests low speedhich case the figure would not be valid for
normal running speeds. See also point (5) following

John Duncan's Comment 5

| do not have the calculations for the proposedaype piston valves for the 5AT
locomotive. As described, the piston valves mightightweight, the drag on the valve must
be enormous with eight valve heads at 175 mm (@l@fpeter piston valves at 75 mph, 5.69
revolutions per second, on the 1880 mm (6' 2") ét@mdriving wheels.

Wardale’s Response:"The drag on the [Porta-type piston valves] niagssenormous.” False.
The drag on this design of piston valve is actul@bg than on former designs: to understand this
you have to read and understand Porta's papele@ubject - FDC 4 Refs. (4) and (11). If the
drag on the four valves of such classes as thdgSakiings, Lord Nelsons and Stanier Pacifics
were "enormous" how could these locomotives, albich had less cylinder power at high
speed than the 5AT, have attained high speedshveltidid? If the drag on Porta type valves
were high it means friction would he high, and ¢é&remely low wear rates leading to the
extended attention intervals given in (2) above oot have been achieved. In fact the S5AT
power loss due to valve ring friction has beenwaled: at maximum drawbar power, which
occurs at some 26% cut-off and 113 km/h (71 mplg,4.9 kW (6.6 HP) for all valves
combined (FDC 4 (133)). This is only 0.2% of théirmyer power the 5AT would be developing
at these conditions (2380 kW (FDC 1.3.F (17)) andat "enormous”.

John Duncan's Comment 6

The piston valves are not supported by a valvedépiwith bushes at either end. It reminds
me of the connection and floating lightweight pist@lves on the unrebuilt Bullied Pacifics
with wear in the connecting pins resulting in vabxer travel.

Wardale's Response: The 5AT valve design should not be compared ®itleid's valves.

They are not the same thing. The valves rest ofirtbes without tail rods to give virtually 100%
steam tightness - impossible with a rigid spinaid bhushes - yet at the same time achieve the
very low wear rates already indicated (based omahetxperience with 3450). The quasi-
indefinite maintaining of steam-tightness (as meadon 3450) is the reason why these valves
have such a long period between attention. The inkynot on roller bearings (which have



effectively zero wear) are those coupling the valteetheir spindles. This type of pin was used
on the Rio Turbio 2-10-2s and on 3450, and on the=semotives gave negligible wear.

John Duncan's Comment 7

The proposed 5AT piston valve, 4 per locomotivegikBon valve rings per valve head. 104
piston valve rings per locomotive. How secure &sgim in the fork end that cannot be seen?
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Wardale's Response:"How secure is the pin in the fork-end that car@seen?" Obtaining
perfect security - such as that achieved with desatmillions of i.e. engine gudgeon pins, a
similar component - is a matter of correct detasign, which shows the importance of the latter.
The issue here is not so much mechanical secwiitigh in this case is relatively easy to obtain,
but designing to ensure lubrication by oil in tkdh@&ust steam and at the same time to negate the
possibility / effects of carbon deposit betweenghreand bush. This is one item where R & D
needs to be done as part of detail design, ussmgle test rig simulating valve spindle
movement and loading and exhaust steam conditions.



John Duncan's comment #8elates to the first paragraph\&ardale's reply to a 2002 letter
from Angus Eickhoffin which Wardale wrote:

"The question of Walschaerts versus Caprotti vgkar has been partly dealt with in the reply to
Mr. Attewell. To answer Mr. Eickhoff's points, tlkentribution of Walschaerts valve gear to the
balancing issue is negligible as most of its ireftrces are out of phase with those of the main
reciprocating masses, and the maximum accelerétennertia force per unit mass) of even
ultra long travel valves is only some 30% of thiathe pistons.”

John Duncan's Comment 8

Inside admission piston valves travel in the sairexton as the piston and | agree it could
be that the maximum acceleration of the 5AT pistalves is probably only 30% of the
pistons. What concerns me is the length of th&stom the two cylinders of the S5AT at
800mm (31.5"). The longest stroke locomotives onvidiRe the GWR two cylinder
locomotives of same wheel arrangement as the pedd@&T, at 729mm (30"). Even with
lightweight motion | doubt permission would be gexhto run above 75 mph.

Wardale’s Response:If balancing is his concern, the FDC's show atat@dp balancing can be
achieved whilst keeping wheel-rail dynamic augn{eatnmer blow) at 200 km/h to no more
than that of the BR5 at 75 mph (120 km/h). In fdugy show that the reciprocating parts do not
require any balancing at all, by the latest Amaricateria, which would give zero balance
weight dynamic augment. Therefore from a balanesygect the S5AT is perfectly suitable for
200 km/h running. Whether or not this would beabd is obviously beyond our control.

John Duncan's comment #3elates to the second paragrapi\ardale's reply to a 2002 letter
from Angus Eickhoffin which Wardale wrote:

"Although altering the valve events by changingt¢hms may be convenient on an
"experimental machine”, the terms of the projecamthat the design of the 5AT is in no way
intended to be experimental.”

John Duncan's Comment 9

The last two ex. LMS class '5's 44686 & 44687 ,BReclass "5's 73125 to 73154 and the 3
Cylinder, 4-6-2, 71000 were fitted with the startleamboxes and poppet valves, all
interchangeable. What Angus meant was you couldjaléise cam profiles and valve sizes
for the 5AT performance you require. In time it wbbe computer controlled, the cut-off &
throttle controlled to produce the most efficient-put.

Wardale’s Response:Partly answered by (3) above. Using the 5AT daienfthe FDC's, the
late Prof. Hall'?Perwalprogram predicts that the 5AT as proposed will nitsgterformance
target, i.e. its piston valve steam distributiohia@es the target performance. Which is what is
required. Please let's forget about "computer otntio quote from Bulleid, "it's all very well,



but it doesn't sound much like a steam locomotiees it?" In general the throttle is to be fully
open when steaming and the cut-off set to maintterschedule. That's the driver's job, and it is
not too difficult.

John Duncan's comment #10elates to the third paragraphWhrdale's reply to a 2002 letter
from Angus Eickhoffin which Wardale wrote:

"Chapelon's reservations about piston valves atenger valid. Porta's invention of valve liner
cooling allows higher steam temperatures to be ustobut lubrication difficulties, and inertia
forces are kept at manageable levels by the vgiywieight construction made possible by
designing the valves according to stress analgsieer than empirical rules. It is also worth
noting that Chapelon's final masterpiece, the 2424s well as his aborted 152P design, had
piston valves driven by Walschaerts gear. No resmto poppet valves needs to be considered
before the possibilities of piston valves have biedlg explored - which is what the 5AT will
do."

John Duncan's Comment 10

If the 5AT speeds proposed for service on NetwaaksRracks of 113 mph service speed
and a maximum of 125 mph, then piston valveshatesuitable. Only poppet valves are
suitable for high speed working. As regards thenEh 4-8-4 242.A1 rebuild of the Etat
Railways 240.101, a 1932 3-cylinder simple with &ehrotary cam poppet valve gear, the
rebuild was started in 1943 and completed in 1946 Willoteaux double admission and
exhaust piston valves as fore-runner of Frenchnsteaomotive development. In the case of
the 4-6-4 with 7' 2" driving wheels, it was to hawentz concentric-type oscillating cam
poppet valves. The remaining two designs, the 4a8t4 6' 4" driving wheels and the 2-10-4
with 5' 4" driving wheels were to have Willoteaustpn valves fabricated in steel plate to
minimize weight. The high pressure valves were $ets under the high pressure cylinder of
8.5" diameter (similar to the 5AT). The low pressualves were to be 17" diameter,
weighing 242.5 Ibs plus the piston valve rod wenghiO Ibs, total of 282.5 Ibs. To quote
Chapelon's book ‘La Locomotive a Vapeur’, the ‘Adda to the 1952 Edition’:

"For the other three high powered types the ugestbn valves rather than poppet valves
was dictated largely by workshop and running steegiirements, many of these having
experience with piston valves only. However, whsigitably designed piston valves -
Willoteaux with large steam passages - were theymaahically equal to poppet valves, in
practical terms where inertia limitations are intpat, the poppet valve is far Superior
because of its much lighter weight (up to 15 /igtes less than a piston valve) and much
smaller displacement (one fifth to one eighth tiagel of a piston valve). Furthermore,
poppet valves are superior in their ability to witnd steam temperatures of over 400
degrees for prolonged periods, in which conditihreslubrication of piston valves may be
difficult and result in premature wear of pistongs and valve liners with inevitable
consequences for steam tightness.” - See A. ChapgéboLocomotive 242-A.1Revue
Generale des Chemins de FBecember 1947.
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Wardale's Response: Chapelon's reservations about piston valves@tenger valid because
when he made them he had no knowledge of Porte&ads to piston valve and cylinder
tribology design. "Only poppet valves are suitdblehigh speed working." Completely false. |
will remind you that the A4 world speed record lesltiad piston valves. Yes, the middle valve
over-travelled at high speed, but this was notrisic to piston valves nor Walschaerts gear, but
to the Gresley gear. (The problem of driving th&de valve of a 3-cylinder engine is neatly
overcome on the 5AT by not having an inside cylmde any advantage of Caprotti gear in this
regard is irrelevant.) And the only steam locomegiever required to sustain 100 mph working
in regular service to maintain the schedules, tilevdikee 4-4-2s and 4-6-4s and the DR 05
Class 4-6-4s, engines of the last two of which wetieink, recorded at 125 mph on test, i.e. only
one mph less thadallard, all had piston valves, of the 'first generatiorriety, not the much
superior Porta type. So your assertion that "oolypet valves are suitable for high speed
working" is simply not true, in fact almost the @gje, it could be said that it is poppet valves
that have yet to prove themselves suitable for Bgged (which does not mean they could not do
s0.) For example, the possibility of the cut-offickollower leaving the cam and thereby
lengthening cut off at high speed is possible. Paissibility is calculable. In the absence of any
calculations, you have made an unsubstantiateohches far as Walschaerts gear is concerned, it
has been proven to work at very high speeds -libeeagiven examples - but this does not
obviate the necessity of a full deflection analym#g carried on the 5AT valve gear, in addition
to stress analysis, as part of the detail desmastertain what, if any, deviation from the
nominal valve motion will occur at very high speealmeaty task for whoever has to do it. No
3-figure speed has been recorded by steam indhisty with a poppet valve locomotive, to my
knowledge: all those classes which have (Al, A2, A8, MN, King, Duchess...) had piston
valves. The highest speed | am aware of with a gopglve locomotive is 177 km/h (110.6

mph) during SNCF electric loco pantograph tests386, with a very lightoad (220 equivalent
tons), by a 231E Class with Walschaerts-driveni(dpascillating cam poppet valves.
Chapelon's comments, when analyzed, have no metité SAT. "Inertia limitations": Porta-



type valves may well be lighter than anything Chapenvisaged. At maximum design speed
(200 km/h) with coupled wheel tyres at minimum sarel using a cut-off of 26%, which is a
transitory overload case as this cut-off at thisespwould be beyond the boiler's continuous
steaming capacity (i.e. absolute worst condititvas might be briefly encountered) the
instantaneous peak inertia load per 5AT valve gmudée assembly is calculated as 9,234 N
(2,075 Ibf) (FDC 5.(250)), which is a quite accdyeefigure, this because of careful design to
limit the weight of the valves. As the valve accat®n is proportional to the locomotive speed
squared, at the maximum continuous operating s(&km/h) this falls to 7,480 N (1,680 Ibf),
and at the maximum speed at which 26% cut-off castdally be sustained according to FDC
1.3 (113 km/h) to 2,948 N (662 Ibf). The resulaigalve spindle of only 28 mm diameter to take
the highest load at an acceptable stress level #&DP120)), a very modest figure which would
not be possible if the valve inertia load werenaiting factor'. The examples quoted above of
high-speed engines with piston valves are the jgedgiroof that piston valve inertia is no
barrier to high speed. "Ability to withstand stetamperatures of over 400 degrees": Chapelon
had not foreseen valve liner cooling, which elindsahis objection to piston valves at high
temperature. Porta has shown that what countses tubbing surface temperature, not steam
temperature. The low wear rates of 3450's valvepomants (point (2) earlier) were recorded
with steam temperatures up to 450' C (842

Note: John Duncan's comments 11 to 15 relate sbagement by Wardale that appears on this
website saying:

"Because bending stress due to inertia load at maxi speed is greater than maximum
allowable crankpin fibre stress, cushionimgst be provided to relieve the inertia load on the
main crankpin. Note that this is one reason tocteaprotti valve gear as finally applied to BR

locomotives, as the valves were arranged to dap their seats during drifting thus providing a

full by-pass from one end of the cylinder to théest precluding the build-up of cushioning

steam pressure. The required cushioning steamypeeas dead centre is now calculated for the
worst case condition, i.e. maximum speed with murmcoupled wheel tyre thickness, this

pressure being therefore suitable for all lowerpted wheel rotational speeds .....""

John Duncan's Comment 11:

Ans 1: Reference "Locomotive Management from Clegno Driving" by Jas. T. Hodgson
M.I.Mech.E. sixth edition. Page 221. Quote:

"PISTON VALVES are almost invariably adopted by sdpeated steam locomotives, and
particularly when these are of the non-collapsg@#ern, an objectionable knocking is set up
at the crosshead pins and the small and large ctngeod bearings when running without
Ssteam.



Knocking at the crosshead pins is caused by th@iarferces of the reciprocating parts being
taken up by a cushion of air compressed behindoisten towards the end of the stroke,
which cushion of air is suddenly released whenpibit opens to admission, thus throwing
the inertia forces on the crank and crossheadgnnthe opposite side to that on which they
had before been applied when the moving parts sigtia air cushion.”

It goes on to explain that to overcome this byftlewing:

By-pass valvesThe LM&SR (Midland Division) fitted by-pass valvés their class 2P and

3P, 4-4-0's for the long downhill runs on the ®etthd Carlisle route. On the LM&SR

(Northern Division) the ex. Highland Railway fittday-pass valves under the cylinders of
their locomotives for free downhill running on tlverness to Perth mainline.

Automatic By-pass Piston ValvesFive locomotives of the ex. GCR class 11E afteyth
became LNER class D 10 4-4-Os, were converted afinoff automatic by-pass (TAB)
piston valves, (outside admission and short travetjveen 1935 and 1938. The valves were
10" in diameter.

In November 1948 during my engineering apprentigesh the valve section of the machine
shop in Gorton Locomotive Works BR(E), | worked overhauling a pair of TAB piston
valves. The piston rods had a constraint in thedhleiénd the piston valve-heads slid on to
the spindle from each side. When steam was appdietie cylinders the two heads were
pushed on to the centre constraint. When the regulaas shut the heads moved to each end
of the steam chest allowing each side of the pistope connected, giving full bypass with
free running. At that time 62653 was being fittedhwnew cylinders and | had the job of
trying the piston valve heads with rings fittedlre new valve liners in the Erecting Shop.
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British Caprotti poppet valvesperate as by-pass valves when the regulatouts sh

All above is the opposite of Wardale's statemenFDC 3, item 137, on piston valve
locomotives without a by-pass, the regulator haset@racked open when running downbhill,
and they are not ‘free running'.

Wardale’s Response: Drifting: Your quote from Locomotive Managemen{a book not
anticipating 200 km/h locomotives): " ... a cushmfair...". Air must definitely not be present
in the cylinders as it oxidizes cylinder oil. Itase function of drifting steam to ensure thigslt
claimed that knocking is overcome by by-pass valeésvhich there are a great many designs,
most of them ineffective (including Trofinoff valsgused on Chinese locos and a very poor
design.) But on a locomotive with roller bearingstbe crossheads and crankpins, as the 5AT
would be, there is no knocking. 3450, with Poytaet piston valves and no by-pass valves, gave
no knocking at the crossheads, crankpins or axkefhokom one overhaul to the next. So this
point does not apply. Caprotti valves as finallgdi®n BR do operate as by-pass valves with the
throttle shut: but (1) you yourself have told matthig-end wear was greater on Class 5's with
Caprotti gear than with Walschaerts gear, sugggstia benefit of compression in relieving the
inertia load on the crankpins, and (2) as FDC 3(t8rrectly says, cushioningustbe provided

on the 5AT, and the drifting steam is necessamyctieve this (FDC 3 (148)). Put another way,
if Caprotti gear gave a full bypass, the inertiadoat maximum speed on the 5AT would
overstress the main crankpin and probably leadparfatigue failure. The criteria for running at
200 km/h are much more severe than those for thepbes which you give, and for tBAT
cushioning is not an option, it is a necessiyifting steam and the absence of a by-pass are
therefore also necessities. The comment aboutdbigm not being “free-running' is irrelevant in
this context, as even if Caprotti valves were toubed (1) they would have to be arranged to
provide no by-pass and (2) drifting steam wouldehttvbe supplied to give cushioning, i.e. the
same as with piston valves.

John Duncan's Comment 12 Wardale goes on to state ........ other reasons are:

Cost, (See previous answer). Initial first cost is 1086re than the piston valve B.R. Std.
Class 5 for 30 locomotives out of the remainin@ péston valve locomotives, a small cost
for the substantial savings made on the 30,0005t008 miles piston and piston valve
examinations.

With British Caprotti poppet valve gear the insp@ts were done at major overhauls in the
main workshops - at 180,000 to 201,000 miles indhse of the BR Std. Class 5 73125 to
73154,
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Wardale’s Response: ‘Higher initial cost of Caprotti gear is a smpiice to pay for the savings
made on valve examinations at 30,000 — 35,808 intervals. Caprotti inspection was done at
major overhauls at 180,000 — 201,000 miles.” Yaxgument is not valid because it is based on
BR piston valve performance, not that which vii# achieved by the 5AT. Point (2) earlier
shows that the Caprotti inspection period you gige be achieved with piston valves, so if any
extra cost were to be incurred for the Caprottr geaould bring no benefit in this regard.

John Duncan's Comment 13
Savings were made operating in ‘free running' davnh

Wardale's Response: Savings due to ‘free running downhill’. Point {Ibove shows that

drifting steam would be mandatory on the 5AT, whatdype of valve were used. ‘Free

running’ will have placed the full reciprocating ssainertia load on the main crankpins, and this
will have been at least a contributory factor ia tigher wear of the big end bearings that you
observed on the Caprotti Class 5s, thereby dimimgshy increased maintenance cost any saving
made on the road.

John Duncan's Comment 14
Savings were made with full regulator at cut-od@w as 3% to 5%.

Wardale’s Response:‘Full regulator at cut-offs as low as 3% to 5%ull regulator, very short
cut-off working was also used with (first generajipiston valves, e.g. A4s did much of their
work at 10% cut-off or less. Porta has shown tla¢uies necessary of a piston valve to obtain
good results at short cut-offs, features not founBR valves, so ultra short cut-off working is
practical with such valves - | have driven 3450 etfysn mid gear (5%) on a 570 ton passenger
train. Due to unwanted heat transfer efféces condensationduch very short cut-offs did not
produce the most economical working with FGS. Heevehe 5AT cylinders as a whole will



have design features to maximise the benefit oftshut-offs. Ultra-short cut-off (say < 10%)
inevitably produces relatively little power, andthe SAT would be expected to operate mostly
at high power to maintain high speed, such cutswfiald probably be used for only a small
fraction of the operating time.

John Duncan's Comment 15

Savings on lubricating oil costs were considerablmpared to the piston valve locomotives
of the same class. | did a study on this subcMr. Rhyll, the District Motive Power
Superintendent of the 6A District in May 1960. Thston valve locomotives were 28%
higher than the Caprotti locomotives in cylinddraansumption.

Wardale’s Response: Lubricating oil saving. This is accepted, butrehere there is a
reservation, in that oil fed directly to the cylerd tends to be ineffective, much of it going
straight to exhaust, the cylinders relying a goedlan valve oil carried in inlet steam for their
lubrication. Therefore a low valve oil feed maguk in higher cylinder liner and piston ring
wear.

John Duncan's Comment 16 Quoting Wardale: “It is specialist equipment”;

Not on British Railways. If steam locomotives hamhttnued, the British Caprotti valve gear
would have become standard for most large locorestiwith standard cam boxes & poppet
valves.

Wardale's Response:‘Caprotti valves not specialist equipment on BRiswered in point (3)
earlier: your point is based on misunderstandirgute of the word ‘specialist’.

John Duncan's Comments # 17

E.S. Cox states in his book ‘British Railways StmdSteam Locomotives’ page 112: ‘the
ultimate British Caprotti system was thoroughly twoan like, and its extended use would
have been practically certain had steam continued’.

R.C. Bond states in his book "A Lifetime with Locotive" page 246: "These thirty engines,

one of which, 73154, was the last steam locomativee built at Derby, turned out very

well. There is, | think, little doubt that had steaontinued longer, poppet valves would have
supplanted piston valves, at any rate, on highérage locomotives".

Wardale's Response: Quotes from Cox and Bond: irrelevant, as theybased on piston valves
as they knew them, not Porta valves.



John Duncan's Comments # 18 Quoting Wardale: “Less than 100% certainty abowgash
tightness and good flow coefficients past doub& peppet valves”.

British Caprotti poppet valves and their cages haxeseats, one flat and one tapered, so the
valve cage and double seat poppet valve expandeatame rate always maintaining their
steam tightness. When open steam can pass roumditdide and through the hollow inside
of the poppet valve, giving greater opening for skeam flow than the piston valve and no
'wiredrawing' on valve closure.

Caprotti poppet valve (Steam passes through the middle and outside wbem).0
Caprotti valve cage(Expands equally with the poppet valve).

Sulzer diesel engine poppet valve.

Rover car petrol engine poppet valve.

PwppPE

Wardale's Response: Steam tightness. That Caprotti valves may haixeddhe suspect steam
tightness issue by the design shown is tentatisebepted, although this needs confirmation by
tests (as made on SAR 25NC and 26 classe§lee®ed Devipages 316-32Xkuch a test could
presumably be carried out on 71000 - why not ingag this?) This being the case, it no more
than brings poppet valves up to the standard ofaRaiston valves. Very long lap Porta-type
piston valves as specified for the SAT will minimiaviredrawing’, which is present to some
extent withany valve, whether slide, piston, or poppet, see p(f) below. In this regard an
independent observer has made the point that &t $pged and short cut-off the indicator
diagrams produced by 3450, as giverTire Red Devilare as good as those of 71000, showing
the thermodynamic equivalence of the two, as nbte@€hapelon in your quote. And the 5AT
will be (much) better than 3450 in this regard.



John Duncan’s Comment 19: Quoting Wardale: The fact that the piston valwethe 5AT will

in all respects (e.g. steam flow, lightness, luftimn, wear, resistance to high steam
temperatures, resistance to steam leakage) greagherior to the general level of piston valves
in the past with which Caprotti valves have beemgared;

The list above under e.qg. is all the advantageBrivsh Caprotti poppet valve gear has over
piston valves and more. Even with the advantageggsed by the 5AT piston valves might
be lighter in weight but the lubrication requireat fL04 piston valve rings per locomotive
must have a high oil consumption compared to naeidabon on British Caprotti poppet
valves, which remain steam tight due to the unisystem of the valve seats being in a cage
and the poppet valve having two seats one flatareconed. The valve and cage expand
and contact together, remaining steam tight ovéroaoverhaul.

Wardale’'s Response: Valve lubrication requirements do not depend onrhmber of valve
rings. There would be no difference for 2 or 2@siper valve. No lubrication for the valves may
have a detrimental effect on cylinder liner andgnswear, see (15) earlier. The Caprotti valves
themselves have no lubrication, but the camboxesd in fact Figs. 105 and 106 in my copy
of Locomotive Managemenit|ustrating the arrangement of Caprotti gear, showiumber of
lubrication points.

John Duncan’s Comment 20:Other advantages are: -

Resistant to very high steam temperatures.

Allow steam to flow freely through the middle anatside of the poppet valve.
Inlet and exhaust events are separate.

Optimum valve events can be designed into thedanrs in sealed cam boxes.
Complete bypass when the regulator is shut, allgviriee running.

o 0k w NP

There is no alteration in valve timing by the moesinof wheels and axleboxes in horn
ways.

7. Inlet valves are smaller than exhaust valves giVieg flow and reduced back pressure
which cannot be done with piston valves. (71000Istivalves are 6.25" diameter &
0.796875" lift, exhaust valves are 7" diameter &7B125" lift).



Amangemen of B Brilish Capro® mdaust poppsd i

Wardale's Response:Other advantages:

1.

Resistant to very high steam temperatures: no aagarover piston valves with cooled
liners. It is true that no cooling needs to be pied with poppet valves, but it is simple
to manufacture with no moving parts and hence gneggigible capital and maintenance
cost increase.

2. Irrelevant as an advantage, it is merely a feature.

3. Inlet and exhaust events are separate. True, bat #ddes this really mean in terms of

higher cylinder efficiency? This must be quantified an advantage to be claimed. To
repeat from (18) above, the indicator diagrams pced by 3450 have been judged to be
as good as those of 71000, and the 5AT will be niatter.

Irrelevant as an advantage, it is merely a featuve might just as well say that optimum
valve events can be designed into the Walschaeds g

5. As explained in point (11) earlier, this is no adieae for the S5AT.

True, but what effect does this really have on \Blfeerts gear - with poorly laid track at
depots there may be some (barely) measurable effettwith near-perfect high-speed
track - which is where the 5AT would operate - il Wwe negligible. Therefore this would

be an advantage on paper only, and in any case myost quantify the actual

improvement in cylinder performance before you ckim any advantage for Caprotti
gear.

There is no net advantage of poppet valves inrdgard. It is a major function of piston
valve lap to give greatly increased flow past tladves to exhaust steam compared to
inlet steam, comparéhe Red DeviFigs. 48 and 50. On poppet valves the larger exhaus
valves with higher lift merely give the same effédxit to a lesser degree. The question of
valve opening merits some investigation. From tagad/ou give for 71000 (and it is
interesting to see that valve lift can be specif@dne millionth of an inch!), the nominal
valve openings at full lift, for the upper and lawseats combined, are 201.9 cper
valve for the inlet valves and 305.9 tfor the exhaust valves, with no allowance for the



flow obstruction caused by the valve cage bridgs.baut these are clearly not the true
limiting openings concerned. To go to or from tipper seat steam must pass through the
annular space at the centre of the valve, andpésding thédower seat must go through
theannular gap between the valve body and the cagle,dfiavhich are smaller than the
respective nominal openings: this is clear from ¥héze onthe right of your figure.
Scaling the various diameters from your figure, atidwing a 10% reduction in the
central flow area due to the valve ribs, gives tbieowing minimum combined flow
areas to/from the top and bottom seats, per vatheh are the effectivealve openings
at full lift (nominal maximum opening): inlet valse: 147 cnf, (27% less than nominal
opening), exhaust valvesl85 cnf, (40% less than nominal opening). Note that tizese
independent of valve lift, which is why the exhaogening is reduced the most - the
extra lift of the exhaust valves is of no advantagthe minimum flow area. The moral is
that a large nominal opening is wasted if the stéaw to or from that opening is
restricted, which is the case. Added to this isghssibility of a relatively poor overall
flow coefficient past the valves due to somewhaliract steam passages with some
sharp-edges. These figures may be compared wiste thoo the 5AT, calculated from the
FDCs, particularly Appendix 1 of FDC 5 giving thalve events. Selected maximum
admission openings through the valve liner portscgknder (i.e. for two valves, average
of front port and back port) are: 75% cut-off (fidrward gear) = 491 cm30% cut-off=
134 cnf, 20% cut-off~ 94 cnf, 10% cut-off~ 65 cnf. Maximum exhaust openings: in
mid gear (4.8% cut-offfx 442 cnf, rising to 491 crhby 25% cut-off and remaining
constant thereafter up to full gear (as the valwy funcovers the liner port). This
analysis is exploratory and approximate as it dm#sonsider all factors involved, which
have pros and cons for both piston and poppet salbat it does allow qualitative
conclusions to be drawn. It shows that the maxinesthraust opening of the 5AT's piston
valves is (considerably) higher than that of 71@0@ll cut-offs. The inlet valve opening
is also higher down to somewhat above 30% cut-dffereafter the advantage lies with
the poppet valves. The extent of this advantageeat low cut-offs, where the cam
profiles may not give full lift of the valves, malg the nominal opening less than
147cnf, cannot be ascertained. All-round the advantageMiith the piston valves. The
exhaust opening is most important, because itrndenao exhaust steam quickly than to
admit it, due to its low pressure. (This does showidentally, that any tendency of
Caprotti valves to give high peak draught will meentuated on the 5AT. which would
be very destructive without features such as thedika, oil firing, and special attention
to brick arch security.) During inlet, it is hartlés minimize the admission triangular
loss on the indicator diagram when cutting-off amduhe middle of the stroke, where
piston velocity is highest, and here the advantdge lies with the piston valves, which
will, for example, assist in good acceleration throughntid cut-off range. Although the
piston valve admission area is less at low cut;¢ffs by definition the quantity of steam
to be admitted per stroke is then low and (2) tis¢op is moving relatively slowly, so
that keeping full pressure on the piston head @eedhan around mid-stroke. Which
means that the lower valve opening area here isuait a disadvantage.




John Duncan's Comments # 21 quoting Wardale:Lastly (from the view of the projects aim,
not least). Walschaerts gear is aesthetically naiteactive.”

Welll What can | say? Cost and efficient use efst from the boiler is the aim, not the
looks of Walschaerts Valve gear.

Wardale’s response: “Cost and efficient use of steam from the boilethe aim, not the looks
of Walschaerts valve gear". Firstly, the pistonvealand valve gear as specified for the 5AT will
give as efficient use of money and steam as Camadttes, if not better. Secondly, the looks of
Walschaerts valve geao matter, to me at any rate. The purpose of the 5AToikeep the
aesthetic spectacle of main line steam in the UXeaFull stop. That was the only reason for
proposing it. If members of the 5AT group seemdwéhlost sight of this, or perhaps never had
sight of it, that is their misfortune, as it causi@sm to go in wrong directions. But | have always
worked for steam with the sole purpose of keepiradive as an aesthetic spectacle, and all other
things (engineering, efficiency, economics etc)éhanly been tools to this end. So | don't lose
sight of the aesthetics, which is why, for examfie, front streamlining does not extend down to
near rail level like on the DB 10 class, as it ddado for good aerodynamics. But it simply
makes it look wrong, in my eyes, and it's my eyes tount, up to now anyway. Walschaerts
gear does look better than Caprotti, the awkwaadigled drive shafts beings very unaesthetic.
And in accordance with thaison d'étreof the 5AT, this is a reason to prefer it. Fortetathe
engineering, performance, and aesthetic reasonsidei

John Duncan’s Comment 22;

I remember as a fitter on steam locomotives, theusthof wear on the die block and in the
expansion link with a mixture of oil and brake kadust in the normal cut off position on
Walschaerts valve gear. Not as much on Stephengzansion links on ex-GW locomotives
with the valve motion inside the frames of the iocdive.

Wardale’s response: Amount of wear of dieblock and expansion link. ader an issue, with
the application of mechanical lubrication to thpaets, as per SAR locomotives.

John Duncan’s Comment 23:

I went out in 1960 as relief fitter from Chester DIBb North Wales depots on the footplate
and rode on LMS and BR class 5's, both piston vahdeCaprottis. | noted on the piston
valve locomotive was driven in first valve on tlegulator and 30% to 35% cut-off, if
notched up to less than 20% cut-off and the regutzpened to “full’ resulted in a lot of
vibration from the motion. Coasting with the redafta'shut' a knocking noise was set up in
the big and little ends, so the Driver had to crapkn the regulator to stop this happening.



The driving technique on the Caprotti fitted locdimes was different. Once under way it
was 'full’ regulator and a fine cutoff sometimdsew as 3% to 5%. Every exhaust beat could
be heard, sharp and clear. No banging or shakirtgefootplate and just the noise of the ralil
joints when coasting. It's called ‘expansive wokKirsave coal, water and cash!

Wardale’'s response: Piston valves are no barrier to short cut-offs,(4€¢ earlier. Do you

think Gresley Pacifies were not worked at less @@ cut-off? Please reread C. J. Allen and 0.
S. Nock. Do not extrapolate a problem with the pagiyou rode on to include piston valve
engines in general, and certainly not the SAT. Nodkingof any kindcan be guaranteed from
shopping to shopping when roller bearings areditteoughout and Franklin wedges on the
driving and coupled axleboxes. No loss of exhaaatdeven down to the smallest cut-offs with
Porta type long lap valves (experience with 3450, @ven 19D 2644 which had only elementary
alterations to the standard SAR piston valves)etifexhaust beat [on a Caprotti engine] could
be heard, sharp and clear” - and probably pulleditk to pieces, on 71000 anyway (sorry for
that one!) | do know what ‘expansive working’ is'e@ normal piston valves have delivered it in
the past. Nevertheless Porta valves with longetHan prevalent in former times greatly
increase their capacity to do so.

Comment 24:Passage photo-copied from Chapelon’s Locomotivaeur as follows:
POPPET VALVES are necessary:

1. On locomotives with very high superheat to avorl tlecessity for lubrication of
admission ports of piston valves and thereby togutdhe oil from cracking effects and
to allow it to retain its functional value as afiglant. For this reason it is simpler to
lubricate a poppet valve locomotive than one wittgn valves.

2. Because the weight of a double beat poppet valtieeofype now used is infinitely less,
for a given cross sectional area of steam pas#age that of a piston valve even when
the latter is of the lightest type in welded plate.

Now, when it is required to build a large compolozbmotive with very large cross
sectional areas through the |.p. valves this catidoe, even on the largest locomotives, with
poppet valves of which the moving parts weigh ahly kg. whilst comparable piston valves
would weigh more than 100 kg. Furthermore, the popplve only needs to be raised from
its seat by about 30mm, equal to one eighth dafigmeter, to provide the required cross-
sectional area, whilst it is necessary to provideop valves with a travel of the order of
200mm. This makes very clear the infinitely smaillertia forces arising with poppet valves
compared with those for piston valves.

Thus, with poppet valves one can achieve the laggess sectional areas for steam passages
to I.p. cylinders, even at the highest speeds,auitifatigue in the distribution mechanism
which cannot be achieved with complete safety wisiton valves.



This has been confirmed clearly by experience, maoeincidents having occurred in I.p.
valve gear with long travel piston valves or thofgery large diameter, whilst such
problems have not arisen with poppet valves.

The drop piston valve has the same advantage® gofpet valve from the inertia
viewpoint, but it does incorporate valve rings amterms of wear and lubrication is in the
same situation as ordinary piston valves.

All recent experience has shown. that the principgdrovements to the steam distribution
systems of locomotives have been in the increassd sectional areas open to steam in its
passage through the valves.

Wardale’s response: Quoted passage from Chapelba,Jocomotive a Vapeur.

1.

2.

Piston valve lubrication is normalised at high stegemperature by lubricant feed direct
to the valve liners and by valve liner cooling.

Weight: what counts is the inertia load producedwalve on the valve gear: it has been
shown in point (10) earlier that this is low witietpiston valves of the 5AT, hence the
point is irrelevant in this case.

Quote: "when it is required to build a large compdlocomotive..." The 5AT is neither
large nor compound, so again the arguments dopmdy &ere. They may become
relevant in the case of a large high-speed compdesidn, but a valid decision in this
matter could only be made by calculations for ligges of valve. In such a case there is
the option of cushioning piston valve inertia, mgestigated by Porta but not required on
the 5AT. Chapelon gives 100 kg weight for a pistalve: the 310 mm diameter 55 mm
lap 24 ring valves for 3450 weighed 67 kg, withggrand spindle, with perfect
mechanical reliability. Thewvo such assemblies per 5AT cylinder are calculated to
weight 54.48 kg (FDC 4.(442)), so Chapelon's figaineply does not apply.

Chapelon's further comments about the ultra lasgeeg needed for compound I.p.
cylinders do not apply as the 5AT is not a compound

The last sentence in italics is agreed with, aeddigsign of the 5AT fully complies with
it, due to having a collectively large circumfeiiahvalve liner port area, very long valve
lap, good flow coefficient, and minimum cross sewtil area of the valve liner bridge
bars. Lastly, it can be noted that the French cpagden valves instead of poppet valves
for their last express steam class, the (large poamd) 241P's of 1947.



John Duncan's Comments # 25 Quoting the following passages from Porta.
Ing. L.D. Porta - Piston Valves vs. Poppet Valves

Why did the Argentine Railways choose poppet valvaastead of piston valves for their
standard express passenger steam locomotives in th@50's?

Former Central Argentine Railway Company (Now Blamae Mitre Railway) Class PS 11, 3
cylinders, 4-6-2.So successful was this locomotive design that uperNationalisation of
the Argentine Railways, the Authorities decidedstandardize the PS 11 class for express
passenger service on three railways, the Roc&dh&lome Mitre, and San Martin Railways.
The Vulcan Foundry in England supplied 50 additidoeomotives with the new version of
British Caprotti rotary cam poppet valve gear dgritf50 to 1953. Gauge 5' 6", driving
wheels 6' 2%2" diameter, cylinders (3) 19.5" diamet@6" stroke, Boiler pressure 225 psi,
tractive effortat 85% boiler pressur88,068 Ibs. The PS 11s hauled a maximum of 750 tons
and 500 ton trains at an average of 67.5 mph, ngnai 100mph on occasions. They were
free running because of the poppet valves fallihtheir seats when the throttle was shut
allowing bypass from both ends of the cylinders.

From:- Ing. L.D. Porta's Paper, Fundamentals of Rbeta Compound System for Steam
Locomotived(first circulated privately in October 2000)

1. Introduction - 4th Paragraph: "When the Authtarted his locomotive design exercises,
they were very much based on tlaenousex-FCCA (Argentina) PS 11 single expansion,
three cylindePacificswith Caprotti poppet valves, whose performance mash superior
to the older PS 8: double heading was eliminated!"

2:1 Leakage, "8 Paragraph: "Poppet valves are heavy offenderseneakage is concerned.
The various claims against this statement have rnegen sustained by measurement or
serious reasoning. Chapelon measured heavy leakpaded in his bookL@& Locomotive a
Vapeur,Bailliere et Fils, Paris 1938.) The reasorthat, except in the CAPROTTI gear, the
valves seat on the cylinder block, itself subjectedwidely different (and varying)
temperatures, and hence distortions. This aspsctimportant that Stimpf developed elastic
seats, and the corresponding theory for them. (SPBMJ. Die Gleischstrom -
Dampfmaschine)ritte Auflage, Druck von R. Oldembourge, Munché&22).

Quotation from Ing. L.D. Porta's paper on; "Fundamuds of the Porta Compound System
for Steam locomotives", included in "Advanced Stkmommotive Development”, one of three
technical papers by Ing. L.D. Porta, published gn@@en Miniature Steam Services.



Appendix D. POPPET vs. PISTON VALVES

This appendix has been written with the Author lalhsas addressee. Therefore, the
intention is not to present proof for any aspecichs itself deserving of a thorough
discussion elsewhere.

The controversy is between poppet valves incorpwyata number of proposed
improvements, and the Author's piston valve design.

It is claimed that poppet valves can provide a fatgustment for the valve events: this
potential advantage cannot be made actual if tlegside for the optimum valve events is
poorly defined.

Poppet valves do leak considerably, even if ini@tary tests no steam appears at the
cylinder cocks. For example, DABEG valves sit agathe cylinder block, but the latter is
subjected to considerable distortions under thecefbf superheated steam. Stumpf realised
this and developed elastic seats. CHAPELON medstonsiderable leakage for theppet
valvesfar more than the author measured for his pistdvega

The valves are very expensive to manufacture frasolid special steel forging and cannot
be repaired in the event of breakages. These ctwmat decause the contacting velocity at
the moment of closure must be limited. A significamprovement is brought about by
duplicating the number so as to have smaller valWBANKLIN).

The mechanism for valves such as CAPROTTI, FRANKLOINDSSART, RC and others is
precision made, hence expensive to manufacture,isamdt immune to wear. When this
occurs, the precision is lost, and so also is titeal valve setting, with an uncertain loss of
performance - the Author's piston valves, on tlieohand, are guaranteed to give full power
and economy from shopping to shopping. In the chpoppet valves, expensive spare parts
need to be considered, as is the case with diesghes. All in all, poppet valves, even if
improved, ARE NOT HEAVY DUTY EQUIPMENT.

Wardale’s response: Quoted passages from Porta.

1. Why did the Argentine Railways choose poppet valvesead of piston valves for their
standard express passenger steam locomotives ih9B@s? Well, they didn't, really, the
PS11 was an already existing class that was siohyghjicated. It could well have been that
their Caprotti gear was indeed found better thanpiton valves driven by Walschaerts gear
on plain bearings, each one with an individualcoib, that they were then using, which has
no relevance to a comparison with Porta type vahgsubsequently developed, driven by
Walschaerts gear on roller bearings.

The standard locomotives they purchased after the far the Belgrano Railway, for
example, including passenger 4-6-2's, all had pistalves. If quantity were the criterion,
piston valves would easily be the winner. And | glgestion the accuracy of the clip you
guote from: for example, the Roca Railway usedfiemrint type of 4-6-2, the 12(E?) Class
with piston valves, by memory (Atkins writes of tR&11's on page 89 ddropping the
Fire’, "many of these evidently saw little service on thdises previously unfamiliar with
poppet valve gear.") And the possibility of trainavelling at 100 mph on Argentine track
without leaving the rails is positively unbelievabbnd | am more than skeptical that it ever
happened. | made an extensive tour of the Argeméih@ays in 1973, when steam was still
much in evidence, and no PS 11s were to be seen.



2. That the Caprotti design may have overcome thealgalproblem has been accepted, point
(18) earlier.

3. The quote from Porta, "Poppet vs. Piston Valvesiosan advert for the former. Rather the
reverse, as you would expect!

John Duncan's Comment 26 Quotation from Locomotive Post (date not legible)
CAPROTTI PERFORMANCE By P. FRASER

THE articles on the British-Caprotti Valve Gear wlinihave appeared in this paper have
given valuable information on the parts and layout of the gear, but possibly many are
wondering how it performs under working conditiods | have had the good fortune to
work one of the L.M. Class 5 engines fitted witkstiear, myexperience may be of interest.

This was the first time | had been on one of thasgines, but | found it simple and easy to
handle. In fact, throughout the 115 miles run, isimg or falling gradients or on level track,
the performance was highly satisfactory. Cut-offasiable between 70 per cent. and 3 per
cent, and | found that it really works at 3 pertcen

Starting was carried out cautiously and a triflprapensively, but once clear of the station
and with the throttle wide open, as per instrucjaal doubts were dispelled by a display of
remarkable acceleration. Due to the by-pass etfeagsed by the valves dropping off their

seats when the throttle is closed, the engine sosish complete freedom. Full advantage

was taken of this to coast over 40 miles in stdggween Glasgow and Carlisle. At all times

absence of noise was noticeable, but when coastirey at high speeds, the quiet, smooth
running of the engine was impressive. The revemsay be used in the same way as any
other except that reversal from one gear to therathnot completed until it has been placed
in full back or fore gear, according to which igjuged. Having done this, any desired cutoff

may be selected, and the throttle may be closedrempened without resetting the gear,

except as working conditions demand.

The results obtained with the British Caprotti \eatyear provide much food for thought and,
in my opinion, strengthen the case for working witfde open throttle and the shortest
suitable cut-off. Reducing the admission periodsdoet adversely affect the other valve
events. Reducing the admission period with othévevgears also reduces the amount by
which the port is open. But in the British-Caprajiar the valve lift remains substantially the
same at all cut-offs. Consequently on level tracls possible to accelerate a. train using a
cut-off as low as ?? per cent. This is what caadmmplished by a small quantity of steam
admitted to the cylinders at maximum pressure trtgxowerful thrust on the pistons at the
commencement of the stroke. Another importiaator. isthat with this gear, exhaust is
delayed to obtain the maximum work from the expagditeam.

When an engine is stationary, maximum power istegewith the crank on top or bottom
guarter, but at speed new factors come into oeraiihen the steam exerts its force with the
greatest effect in the rear part of the strokeabse as it nears mid-stroke, piston speed is
reaching a maximum while steam pressure is fatlong minimum This, | think, explains the
power and effectiveness of the British-Caprottirgaasuch a low cut-off as 3 per cent.
Steam passage into and out of the cylinders withpawative freedom and exerts its greatest



pressure on the pistons, from the commencemerdttbbe, and continues to work up to the
point of release.

Wardale’s response: "Caprotti Performance” by P. Fraser adds notimegy. At best it might

be taken as an indication that the Caprotti engiae better than a piston valve Class 5. This
might be so, but we are concerned here not wittD'$93iston valve design but state-of-the-art
Porta type valves, which are a very different psippon. Contrast Fraser with C. J. Allen on
71000 inBritish Pacific Locomotives:Some engine crews have been able to make notliing o
the engine, and have lost time heavily ..." Thiadiedly scientific, it is true, but neither are the
great majority of comments on the 5AT.

John Duncan’s Comment 27:Excerpt from email from Angus Eickhoff publishadSteam
Railway issue No 276 Oct 2002 p.38 under the hgatidavid Wardale blueprint needs to be
even more radicél

"Mr Wardale is rightly concerned about hammer-blmm a two-cylinder machine.
Astonishing therefore that the engine has beenmsith ordinary Walschaerts valve gear,
which will contribute considerably to the reciprtng masses. Surely a more sensible
alternative would be to use British Caprotti valyear, which has no reciprocating mass at
all, and gave good results?

Probably the strongest argument for rotary camerglvar on such an experimental machine
is that in order to change completely the chargsties of the valve events, all you have to do
is insert a different set of cams.

Certainly with regard to valve gear, Chapelon himgsas very clear. "Poppet valves are
necessary.... on locomotives with very high supsrheavoid the necessity for lubrication of
admission ports of piston valves and thereby ptdtex oil from cracking effects and retain
its value as a lubricant.”

Chapelon also outlined the problems with inertial dne amount of space taken up by
modern piston valves. He pointed out that in otdeachieve the same valve opening as a
piston valve with a travel of 200mm (8in), a poppelve only had to be lifted off its seat by
a mere 30mm (1” approx), with a corresponding rédaadn inertia forces."

Wardale’s response: Quote from Angus Eickhoff (part relevant to vaanly).

1. Walschaerts valve gear does not ‘contribute consiilg' to the reciprocating masses.
Apart from the crosshead arm, union link, and nexdpting part of the combination
lever, all very small components, no part of Wadsais gear is considered when
determining the engine's balancing. The above-moeed items, with their bearings,
contribute 4.9% of the total reciprocating masseke balanced (FDC 8 (24) and (28)) -
hardly ‘considerable’.

2. "... such an experimental machine [as the 5ATls.the 5AT experimental? | don't think
that's likely to improve the possibility of fundini is not experimental, and there will be
no need to "change completely the characterisfitiseovalve events."



3. Cracking of oil is prevented by (a) delivering ditect to the valve liners, (b) valve liner
cooling and (c) preventing air from entering theash chests and cylinders when drifting
(drifting steam).

4. Piston valve inertia and high temperature steane ladready been answered.
5. Space: there is adequate space for the 5AT steastscand piston valves.

John Duncan’s Comment 28:

"Moving on to another thorny issue, why has Davmbsen to use Walschaerts valve gear
rather than one of the more modern poppet vaherrdtives? Conventional gear links the
operation of inlet and exhaust ports in a sub ogtvway, while poppet valve gear enables
the two events to be independently controlled.

While the Caprotti solution allows for efficient steanical operation, electrical actuation
would enable microprocessor control of the valvergs, allowing the locomotive to operate
at optimum efficiency over a wide range of condisoMotorists will know that all modern
cars have electronic engine control systems, whigny readers will remember that
electrically operated valve gear was successfulfypleyed on a class of express Garratt
locomotives between the wars.

Further the power required to operate poppet vgbar is considerably less than that needed
to drive piston valves. Walschaerts gear is prigtgee and is reliable, but it really has no
place on a 21st Century locomotive."

Wardale’s response: Re quote from Bryan Attewell (part relevant tdves only).

1. Why is a poppet valve alternative ‘more modernhtlhat is specified for the 5AT?

2. Linked valve events vs. independent ones: what tiesactually mean for the desired end
result, cylinder performance? Given the essentjaivalence of 3450's and 71000's indicator
diagrams, | would suggest the answer is very little

3. "... electrical operation and microprocessor cdnttd This is losing the plot again. For the
purpose for which the 5AT has been proposed,td s kept as a classical steam locomotive
as far as possible, which includes having the diceatrol it, which he is paid to do.

4. Power to drive the valves: already answered.
5. "... Walschaerts gear is pretty to see and isbigia” Thank you.



Wardale's concluding paragraphs

That answers all your and others' comments. It faidy definitive answer, and adds to, or
supersedes, as the case may be, what may haves&idepreviously on this subject. | think it
gives a pretty robust case for the piston valve \aide gear design for the 5AT. In particular,
your primary assertion, that only poppet valves suitable for high speed, is demonstrably
wrong. Full stop.

To summarise, the only clear advantages of Capralites appear to be:
1. Reduced cylinder oil consumption and
2. Larger valve openings for admission at short cig-of

The clear advantages of piston valves and Walstshgear, as specified for the 5AT, appear to
be

1. Larger valve openings for admission at long to medcut-offs,
2. Larger valve openings for exhaust at all cut-offd a
3. Aesthetically superior.

There are two main reasons why | do not agreeincipte with your comments. Firstly, they are
based on a comparison between BR (or ‘first geimeratpiston valves and Walschaerts gear on
the one hand, and Caprotti valves and gear onthliex.d/Nhat you have to say may or may not be
valid for such a comparison. But, as should berckb& piston valves and Walschaerts gear for
the S5AT are on an altogether higher level than ahafsFirst Generation Steam in general, and
BR locomotives in particular, which itself invaliggs your arguments when applied to the 5AT
design. Secondly, they are not supported by agiyneering calculations. In general, comments
and suggestions are all too often generalized, e/dgoppet valves are modern ..."; ‘2 cylinders
are not suitable for high speed...’), not basedaoproper engineering understanding, and
unsupported by data. In view of this, it was adregh Chris Newman some time ago that any
comments and suggestions had to be supported tylaiadns to at least FDC level for them to
be considered. Perhaps not surprisingly, the str@fasuggestions dried up. | have taken some
effort to counter your points in this case, buwéth all other suggested alternatives to the 5AT
specification, they must be supported by adequatgneering data, to FDC standard and
specifically related to the 5AT, for a valid comisan to be made.

Well, despite all the evidence in favour of thereat 5AT valve design, fixed ideas in the mind
being what they are, | don't expect you to change ppinion. But | don't expect to hear any
more on this subject either!

Best regards
D.W.



