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What pitch do
you use for these
HAND-HACKSAW jobs?

(@) THIN TUBING AND SHEET
(b) 4" dia SOLID BRASS ROD
(c) 1" dia TOOL STEEL

(d) 27 x 17 SECTION CAST IRON

Standard recommendations are given below*

one AVEN Progressive Teeth
Hacksaw Blade does all these
jobs — effecting a real economy
in both time and money

*ANSWERS one blade —any job

(a) 32 T.P.I. (b) 24 T.P.I
(c) 18 T.P.1. (d) 14 T.P.I.

AVEN PRODUCTS ARE AVAILABLE ONLY FROM YOUR LOCAL SUPPLIER

29T.P.1. | 28T.P.1. | 27T.P.1. | 26T.P.1. | 25T.P.0. | 24 T.P.1. | 23T.P.1. | 22T.P.1. | 21T.P.I. | 20T.P.L | I9T.P.1. | I8T.P.I.
Write for details to:

HAGK SAWS LIMITED, AVEN WORKS, MALTBY, ROTHERHAM, YORKS. Tel: Maltby 2391

ATTACHMENTS & ACCESSORIES
for use with MYFORD ML 7 and Super 7 LATHES

QUICK SETTING
TOOLS

in 18% tungsten high speed

steelareavailable with $” square shanks,
No. 107 and % square shanks No. 108. A range of 12 selected shapes is

available in each size covering ali normal turning operations including | KNU RLI N G TOOL

external and internal screwing, boring etc. " ) )

i 0 - 4 capacity. suitable for any centre lathe and does not

I:Ijoklogr?c%/sﬁt(i)fﬁ; Also avI:i(l’;il}lgsszggthf; strain the headstock bearing of the lightest machine. straight

. > and diamond pattern wheels from 14 to 40 tpi.
Liease wrile for furtfier information

W.H. MARLEY & CO LTD. 105 HIGH RD, LONDON. N.I1,

L "]
mm d BEESTON NOTTINGHAM TEL. ENTERPRISE 5234-5578

TELEPHONE NOTTINGHAM 254222
I.IM/ TED 2

PEERS 8685
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PUBLIC LIABILITY INSURANCE

The insurance applies in respect of the Holder's legal liability
for damages consequent upon:

(a) accidental bodily injury to any person (whether or not death
results).

(b) accidental loss of or damage to property.
occurring during the Period of Insurance within the limits of Great
Britain, Northern lreland, the Channel Islands or the Isle of Man
and arising out of and in the course of the use of any of the under-
mentioned type models through the fault or negligence of the Holder
andf/or any person acting on his behalf or for whom he may be
responsible or by any defect in any such model.

MODELS

(1) Model Aircraft powered by either rubber motors, internal
combustion engines of petrol or diesel type or machines of the
Glow Plug type or machines operated by expansion engines or
propelled electrically. Excluding any kind of rocket of pulse jet
unit other than *“‘Jetex'’ power unit.

(2) Model Gliders, Model Cars, Model Yachts ,and Boats and
Model Locomotives up to 74 in. gauge and other models powered
in accordance with (l) above.

Note: Model Aircraft powered by internal combustion engines
of petrol and diesel are restricted to the following type:

(a) Radio controlled—Total engine capacity up to but not exceed-

ing 20 c.c.

(b) Free flight—Total engine capacity up to but not exceeding
10 c.c.

(c) Line Controlled—Total engine capacity up to but not exceed-
ing 40 c.c.

LIMIT OF INDEMNITY--£50,000 any one accident, The Holder
must, however, bear the first £5 of each claim otherwise payable.

CONDITIONS
(1) Models must be flown or operated with reasonable care and
attention to the safety of other persons and property and to comply
with any statutory enactment or instrument, bye-law or other
jocal regulation.

(2) The Indemnity provided by the aforesaid Policy does NOT
apoly to:

(a) death or bodily injury to any person employed under a
contract of service or apprenticeship with the Holder if such
bodily injury arises out of and in the course of such employ-
ment.

(b) loss of or damage to property in the custody or control of
the Holder.

(c) death or bodily injury or loss of or damage to property:

(i) caused by models sold or supplied by the Holder.
(ii) of passengers in or on any model.

(3) In the event of an accident liability must not be admitted by
the Holder nor must the existence of this Insurance be mentioned.

(4) Notification of an accident must be made to the EAGLE STAR
INSURANCE COMPANY LIMITED of Fountain House, 130 Fenchurch
Street, London, E.C.3, immediately even if it is not certain a claim will
result. Any claim made upon the Holder andjor correspondent
relating to an accident must be forwarded, unacknowledged, im-
mediately together with a letter of explanation.

(5) This Insurance does not apply to any liability which is insured
by or would but for the existence of this Insurance be insured by
another Policy or Policies except in respect of any amount in excess
of the amount paid under such other Policy or which would have
been payable thereunder had this Insurance not been effected.

MODEL
AERONAUTICAL
PRESS LTD.

13-35 Bridge St.,
Hemel Hempstead,
Herts.
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£50,000
INSURANCE!

Mode! Aeronautical Press Ltd. is able to offer a £50,000 third party insurance to all readers
This magnificent insurance scheme, which covers modelling activities within Great Britain
Northern ireland, Channel Islands and the Isle of Man, has been negotiated with a leading
Insurance Company to provide exactly the cover which the Air Ministry requires when its
airfields are used for model flying. It is also sufficiently embracing to cover all other forms of
model activity, and so should be completely acceptable to Locz] Authorities requiring some
cover for modellers using their boating lakes or control line flying circles. It is equally applic-
able to free flight models, control line models, radio control models, aircraft, boats, cars, and
locomotives.

All that is necessary for you to do to obtain the benefits of this magnificent cover is to
complete the forms at the bottom of this announcement, sending the first part to us together
with your remittance of 2/6d. which covers you for one year, and handing the second part to
your usual magazine supplier. Whether or not you already have an order in hand for the
regular supply of your magazine, this form should still be handed in and your dealer will adjust
his requirements according to whether you are a new customer or merely continuing your
old arrangement.

This Insurance is the prudent thing for every modeller to take out, but it is a sad fact that
until now, although the governing bodies of the hobby have offered this cover to their members,
something like 90 per cent. of the modellers in the U.K. have never taken up this opportunity
and are operating ‘without insurance protection.” Those who wish to make the most of flying
and other modelling opportunities must be insured not only for their own peace of mind—
accidents do sometimes happen—but also because Local Authorities, Ministers and others are
showing an increasing awareness of this need for insurance and are demanding proof of adequate
cover. By joining M.A.P. ‘ Modellers’ Accident Protection ’ you come into the world’s BIGGEST
MODEL CLUB. For your initial subscription you obtain a lapel badge for identification and
transfers to put on your model.

Complete your form and send off at once. We will send you back your membership card,
lapel badge and waterslide transfers immediately. Insurance period commences on Ist January
1966. Renewals will normally be made from nearest quarter day, and renewal reminder
notices duly sent.

M.A.P. INSURANCE MEMBERSHIP FORM

PART iI. TO BE HANDED TO NEWSAGENT.

Please *reserve/deliver one copy of *AEROMODELLER/MODEL BOATS/
MODEL CARS/RADIO CONTROL MODELS & ELECTRONICS/MODEL
ENGINEER, MODEL RAILWAY NEWS, commencing with the .._............ issue.

(*Delete as applicable.)

PART 1l of the Form should be completed and sent to us at the address below
together with your remittance of 2/6d. PART 1 should be handed to your usual
supplier, either newsagent, model shop, bookseller or wherever you normally
expect to get your magazine.

PART Il. TO BE SENT TO M.A.P. LTD.
Name (in full) .o e e
AdAress ..o e e e aes
I enclose herewith postal order value 2/6d. for membership of M.A.P. £50,000

insurance scheme. This sum, | understand, includes two transfers and a lapel
badge, and is conditional upon my ordering.

* AEROMODELLER * MODEL BOATS * MODEL CARS * RADIO
CONTROL MODELS & ELECTRONICS * MODEL ENGINEER * MODEL
RAILWAY NEWS (*Delete those not applicable.)

} have today instructed My NEWSAZENt........ooiiiiiiiiiiiiii e

AAAress ..o.ooriieeiieieiiiiiiiii e et e e aa e e et e aen
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FLEXISPEED

present the...

VENIIS BENCH

for the Model Engineer, educational authorities,
experimental and development laboratories.

Designed as a heavy duty milling mach-
ine in miniature, offering maximum
capacity combined with reliability and
overall simplicity of operation,

Table 13 x 13”. Longitudinal Feed |1”.

Back geared.

6 Speeds 126-1500 r.p.m.

Please write for further details to:—

FLEXISPEED | uu==

LTD

(Dept. M.E. 2I) Town Quay Works,
Southampton. Tel: Southampton 28599
Grams: Flexis, Southampton.

STUART

WHY NOT BUILD A STEAM ENGINE ?

We supply castings, etc.,

"~ for many interesting
models, including the No.
7A shown here. The
No. 7A is well suited to
beginners—only a small
lathe is required. Write
now for our catalogue

(1/6d. post free)

STUART TURNER LTD.

HENLEY-ON-THAMES, OXON,
Phone 2655 .

J

MODEL ENGINEER
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TOP SCORE

for the model engineer

Twenty books of practical and valuable help
to all who use light engineering machinery

1001 MECHANICAL FACTS MADE EASY ... .. 3/6
BUILDING A STEAM ENGINE FROM CASTINGS 2/-
ELECTRO-PLATING FOR THE AMATEUR ... .. 9/6
FOUNDRYWORK FOR THE AMATEUR ... 6/-
GEAR WHEELS AND GEAR CUTTING ... .. 3/6
HOW TO READ WORKSHOP DRAWINGS .. 3/6
HOW TO WORK SHEET METAL ... .. 6=
LATHE ACCESSORIES ... ... 5
LATHE AND SHAPING-MACHINE TOOLS ... 3/6
MICROMETERS, SLIDE GAUGES & CALIPERS .. 3/-
MODEL ENGINEER HANDBOOK ... .. 3/6
MODEL STATIONARY AND- MARINE STEAM ENGINES 15/-
PRACTICAL ARMATURE WINDING... 5/-
SCREW THREADS AND TWIST DRILLS ... e 36
SHARPENING SMALL TOOLS... ... 5/
SOLDERING AND BRAZING ... .. 7/6
THREE DIMENSIONAL PROJECTION DRAWING .. 36
USING THE SMALL LATHE ... .. 8/6
WELDING AND CUTTING ... 5/-
WORKSHOP HINTS AND TIPS .. 36

Send remittance, with |/- post and packing, to

MODEL AERONAUTICAL PRESS LTD
13-35 BRIDGE STREET, HEMEL HEMPSTEAD, HERTS
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SHIP PLANS
FOR

MODEL WORK

THE ENTIRE SAILING SHIP AND POWER CRAFT
SERIES OF AUTHORITATIVE DRAWINGS

BY HAROLD A. UNDERHILL, AM.LES.

i
BY COURTESY OF THE EXECUTORS {

ILLUSTRATED LIST OF 70 SAILING SHIP DESIGNS 2/1.
ILLUSTRATED LIST OF 35 POWER CRAFT 1/-.

FROM LEADING DEALERS OR DIRECT FROM

BASSETT-LOWKE LTD.
KINGSWELL STREET, NORTHAMPTON.

PROPANE

v The 9 interchangeable burn-
ers and 8 supports give a
wide variation from a small
y pencil flame to a powerful

&~ A voluminous flame and offers

! » T the model engineer scope to

\\% = undertake most brazing,

A / T‘(\W soldering and heating jobs.
/

A

i

”
N,

Technical information and address of stockists from

WM. A. MEYER LTD. 9-li Gleneldon Road, London, S.W.16.

MAKE YOUR OWN 6 INGH
EQUATORIALLY MOUNTED
ASTRONOMICAL REFLECTOR

Now available, complete set of the Charles Frank precision
castings (major parts die-cast). No complicated machining
required. With Drawings, per set £8.10.0. Blanks for
grinding or completed mirrors and all other Astronomical
items are listed in our NEW free illustrated catalogue.

As with ALL our goods, these kits may be obtained on free approval.

CHARLES FRANKLTD.
61-75 SALTMARKET, GLASGOW, C.1;
Phone: BELL 2106/7 Established 1907
Makers of Astronomical Telescopes, Kits, and suppliers of Binoculars, Optical and
Scientific Equipment.

INSURE

AGAINST MISSING
ANY ISSUE OF
MODEL ENGINEER

Place a regular order with
your newsagent today

— or send in 70/- (§10) for an annual subscription to

MODEL AERONAUTICAL PRESS LTD., 13-35 BRIDGE STREET,
HEMEL MEMPSTEAD, HERTS.

TALKING ABOUT CASTINGS—our very wide range
includes many locomotives and stationary steam engines.

Here are a few:—

THE «“M.E.” BEAM ENGINE in |” scale.
sheets, 20/-.

CENTAUR GAS ENGINE designed by E. T. Westbury.
13” bore x 2” stroke, drawings, 5/6d.

PADDLE STEAMER ENGINE designed by E. T. Westbury.
Drawings, 8/6d.

DOUBLE TANGYE TYPE MILL ENGINE designed by
E. T. Westbury. 14” bore x 13" stroke. Drawings, 3/6d.

THE ALLCHIN “M. E.” |1” SCALE TRACTION ENGINE
designed by W. J. Hughes. Two sheets of G. A. drawings, 7/éd.
set. |6 sheets of detail drawings, 50/- set.

“SPEEDY” GW. TYPE TANK LOCO. Designed by
*“L.B.S.C.” for 5-in. G. 0-6-0 Drawings, available only from
Reeves, 40/- set.

“ ROEDEAN ” SCHOOLS CLASS 4-4-0 Southern Tender
for 33-in, G. designed by “ L.B.S.C.” Drawings, available only
from Reeves, 52/-.

BUILD YOUR OWN PASSENGER CARS. Designed
exclusively for Reeves, these have been copied, but never
equalled. Available for 3%-in. G. and 5-in. G. Drawings, 2 sheets,
7/6d set. State which gauge. Castings for 3}-in. G, 79/6d. Ball
races (optional) 44/-. Castings for 5-in. G., £6.12.0. Ball races
(optional ) 44/-. Carriage extra.

“LICKHAM HALL” Hall class locomotive designed by
“L.B.S.C.”" exclusively for Reeves, for 33-in. G. Drawings,
available only from Reeves, 48/-.

Drawings, 4

S.A.E. for casting list of any of the above engines.

A.). REEVES & CO. (BIRMINGHAM) LTD

416 MOSELEY ROAD, BIRMINGHAM 12

Phone: CALthorpe 2554

K. N. Harris is well qualified
to write on this subject as
he has spent the whole of his
working life as an engineer,
the first 20 years of it on
the design, construction,
erection, testing and main-
tenance of a wide variety of
steam engines and associated
plant. The second edition
of this best selling work
includes two new models
designed by the author and
additional chapters have
been added on cylinder
design and construction and
condensers, Numerous pho-
tos, diagrams and drawings.

MODEL STATIONARY AND MARINE STEAM ENGINES

Price 16s. 0d. including packing and postage from

Model Aeronautical Press Ltd.,
13-35 Bridge St., Hemel Hempstead, Herts.
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We have in stock:—

and equipment for them.

—BOND?’S -
SUPER 7 and M.L.7 MYFORD LATHES. With a good range of tools

Also
“PERFECTO "’ HAND SHAPERS, plain or with automatic feed,
plus our usual large range of hand tools and materials.

For full list Tools, Materials and Steam Fittings send for our Light Engineering Catalogue, price 2/6. We regret that the minimum order we can accept by post is for 7/6 net.

BOND’S O’EUSTON ROAD LIMITED 357 EUSTON ROAD, LONDON, N.W.l Est. 1887 Phone EUSton 5441-2

W\ /4

PRECISION

MILLING
MACHINES

of

Outstanding Value

The *SENIOR ' range of precision
milling machines and attachments,
all craftsman built and superbly
finished, represents exceptionally
fine value in this type of equip- .
ment. These high class machines Specification for *SENIOR Major®
are accurate, efﬁcnent‘ and capable 2 HP. drigll'u‘ls;rsa;::c)h

of handling a wide variety of work. * Table 31 x 64"

. .
For information of the Tabla cravel 29

* Cross travel 77
complete range, contact * Vertical travel 12*

TOM SENIOR (uvesseoce) LTD.

ATLAS WORKS, LIVERSEDGE, YORKSHIRE
Telephone: Cleckheaton 3547 @rams: Senior Cleckheaton 3547

|
|
|
|

GHERRY’S OF RIGHMOND

For Steam-driven Models of Quality

Examples from Stock:—

New gauge “ I’ L.M.S. Class 5 4-6-0.

24” gauge 4-8-4 locomotive * Uranus .

34" gauge N.E.R. “ Single "’ by H. P. Jackson.

5” gauge L.N.E.R. 4-6-0 Class B.!.

7%" gauge L.M.S. “ Royal Scot ”” 4-6-0.

14" scale twin-cyl. Showman’s Engine.

Collection of Exhibition standard Marine Engines.
And many other excellent pieces.

Our new detailed List available now. Free on receipt of 6d. stamp.
(Overseas Air Mail 5/- or | Dollar.)

Agents & stockists for the Range of Stuart Turner engine castings
and fittings. lllustrated Catalogue 2/- incl. post.

Telephone: RIChmond 2454.

GHERRY’S LIMITED
62, Sheen Road,

Hours of Business

. Open 9to b
Richmond, Surrey. Weds. 9 to |
Sats. 9to 5

full-size or model.

Published mid-January, 1966. Price 42/- post free from:

NOW AVAILABLE—the finest book on the subject of model yachting ever published! Dick Priest and John Lewis
need no introduction as two of the top yacht designers whose designs have taken a major share of prizes in rerattas over
the last ten years or so in A, 10-rater, and Marblehead classes. In addition, there are few skippers to equal Priest, and
few designers and builders who can approach Lewis’s history of experiment and research. The combined talent and
experience of these two gifted yachtsmen results in a book of immense interest and value to all who study yachts, either

The book is big—11}” x 837, 112 art pages crammed with information and profusely illustrated with 78 photos, 69 line
drawings, and 9 foldout plans, attractively bound in stout board and blue cloth covers with gold-blocked spine and
attractive hard-wearing coloured dust jacket. Chapters include an introduction to design, displacement, resistance,
keels, stability and balance, drawing lines, sail plan, 10-raters, Marbleheads, rating rules, the A class rule, pre-war A class
history, post-war development, design development, tuning, handling, racing tactics, and construction and fitting.

Model Aeronautical Press Ltd., 13-35 Bridge St., Hemel Hempstead, Herts.

MODEL
RACING

YACHTS

By B. H. Priest, M.l.Mar.E.
and J. A. Lewis.

MODEL ENGINEER {8 March 1966
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HE above picture shows part of a working model which

will be seen in the British Pavilion at the Republic Fes-

tival Show, Johannesburg, South Africa, from March 29 to
April 11.

The model shows many of the activities of the British
Insulated Callender’s Construction Co. Ltd., for whom it
was made. An electric railway with high-voltage a.c. over-
head equipment runs through a landscape which embodies
an overhead transmission line on steel towers, a secondary
transmission line on Painters Universal poles, and low volt-
age distribution on wood poles. In a village, power cables
are being installed, while at another site a high TV mast is
under construction. Other structures shown are a flood-
lighting tower and a unit construction bridge. )

Worldwide model railroad meeting

LINN WESTCOTT, Editor of the well-known model rail-

way magazine Model Railroader, has suggested that a
meeting should be held in this country, perhaps in London,
of model railroaders from all over the world. This might be
a wonderful opportunity for modellers to get together, to
see each other’s handiwork, to talk about the hobby as it is
practised in many places, and to meet leaders of the hobby
from Europe, America, Africa, Japan, Asia, Australasia,
South America, and in fact in whatever country the hobby
is practised. -

This is an excellent idea, but it will need a great deal of
organising, it will require the co-operation of hard-working
committees in U.S.A., in Europe and especially in this coun-
try. It will have to have the consent of the National Model
Railroad Association, of the similar European Association
MOROP, and of the leading Clubs in Great Britain.

It may take several years of saving, for those who can go,
to accumulate the cost of travelling. But if one is fortunate
enough to be able to make a lifetime trip from America to

Europe, why not at such a time as this ? MOROP has not .

yet decided on its 1971 meeting place, but must be invited
wherever it is to go by a member club.

England has much to offer the visiting model railway
enthusiast: fine Railway Museums at York, Clapham and
Swindon, the Science Museum at South Kensington, great
terminal stations such as Euston (which by 1971 should

248

SMOKE
RINGS

A commentary by the Editor

have been completely rebuilt), King’s Cross, Paddington
and Waterloo, the Bluebell Railway and the Welsh Narrow-
Gauge Railways, and the bridges of Brunel, Telford and
Stephenson. ’

I will be interested to hear readers’ views on the proposal.

Tasmanian Rail Trip
HEAR from Mr K. S. Kirton of Launceston, Tasmania,
that a special steam-hauled train was recently run for
the benefit of enthusiasts in the Island. The trip was organ-
ised by the Tasmanian branch of the Australian Railway

- Historical Society. My picture shows the locomotive, built

in Manchester in 1890, which hauled the train from Laun-
ceston to Nabowla, Frequent stops were made to enable
the passengers to photograph the train and the scenery
passed en route.

MODEL ENGINEER (8 March 1966




Steam has almost disappeared from Tasmania; I under-
stand that there are just two steam locomotives left on the
T.G.R. roster.

New Naval Vessels

WO new ships for the Royal Navy were launched last

month. They were the Fleet replenishment ship
Resource, built by Scotts Shipbuilding and Engineering
Company, Greenock, and the Leander class frigate H.M.S.
Argonaut, built by Hawthorn Leslie at Hebburn-on-Tyne.

The Resource and her sister ship Regent are the first two
vessels for the Royal Fleet Auxiliary which have been de-
signed from the outset for their specialised duties. All
previous ships of this type have been conversions of com-
mercial vessels. The Regent was built by Harland and
Wolff at Belfast and should be launched before these words
appear in print.

Both these auxiliaries have an overall length of 640 ft,
a beam of 77 fr and a displacement of 19,000 tons. Their
holds are fitted with modern equipment to handle and stow
the cargo, and special lifts for hoisting supplies from holds
to the deck. A Wessex helicopter will also be embarked for
vertical replenishment. Both ships are armed with Bofors
guns.

The Leander class frigates have a standard displacement
of about 2,000 tons, an overall length of 372 ft and a beam
of 41 ft. They are powered by steam turbines built by J. S.
White, with gearing by David Brown. Their armament
consists of 4.5 guns in twin mountings directed by auto-
matic radar control. Seacat ship-to-air launchers and
directors and anti-submarine mortars are standard fittings.
Helicopters are also carried for anti-submarine use,

This is a model of one of the new Fleet Auxiliaries, the
RESOURCE.

H.M.S. LEANDER undergoing trials.
(Photographs by courtesy of Ministry of Defence)

MODEL ENGINEER 18 March 1966

HE scraper-board sketch reproduced above is the work of

an Isle of Man artist and a regular reader of Model

Engineer, Mr. M. A. Walmsley. It depicts the Foster Show-
man’s Road Locomotive No 12499 Marvel.

Mr. Walmsley tells me that there is a thriving model en-
gineering society in the Isle of Man, the Douglas Society of
Model Engineers, and readers who are interested in its
activities are invited to contact the secretary, Mr. A. Tran-
ter, Woodlea, 58 Whitebridge Road, Onchan, Isle of Man.

Albert Savage

T is with regret that I have to report the death of Bertie
Savage, Vice-president of the Birmingham Society of
Model Engineers. A member of the Society for 16 years,
Bertie spent a great deal of time helping in the management
of the Club’s affairs. He was a good committee man, and a
fine model engineer with a keen sense for detail and finish
as evidenced by his Stirling Single locomotive. The engine
which Bertie was currently building was a § in. scale Beattie
2-4-0 tank, the quality of the workmanship and finish being
to his usual high standard.
Birmingham has lost a fine model engineer and a great
companion.

Mr. L. G. Brough

AM also sorry to have to record the death of Leonard

George Brough, a founder member of the Tyneside
Society of Model & Experimental Engineers. George
Brough was also a member of the Sunderland Model
Engineering Society and a founder member of the Tyne-
side Radio Controlled Model Society. A versatile model
engineer, his interests covered petrol-engined hydroplanes,
radio control, model yachts, locomotives, and model cars.

He was one of the first to build the ME Road Roller and
the 1831 engine, and was recently working on an experi-
mental locomotive.

George Brough’s enthusiasm was enormous, and his
great experience was always freely at the disposal of the
younger club members. His loss will be felt keenly in the
North-east.

Mr C. T. Steeb

OULD reader Mr C. T. Steeb, late of Seventh Avenue,
San Diego, California, U.S.A., kindly let me have his
present address ?
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THE BOILER of a model locomotive is usually, apart from
the firetubes, a scaled down version of that of the full-size
prototype. The question, therefore, arises as to whether
this design procedure produces the best working results,

A simple consideration of the theory of heat transfer
suggests that the proportion of heat transferred through the
firetube walls in a model boiler may be less than in full-size
practice where it is about one third of the total heat transfer.
If this were the case, it might be conducive to better working
to make model boilers with shorter tubes and longer fire-
boxes.

The question of superheat in models is a matter of some
conjecture. It is suggested by some that little or no super-
heating takes place, and if it did there would be lubrication
difficulties especially with non-ferrous cylinders. Some
designers are of the opinion that blast arrangements are
critical and advocate the use of double or multiple blast-
pipes.

I have for some time thought that use could be made
of some of the waste heat in the smokebox to keep the
cylinders warm or to heat the feed water. These are very
open questions and it was with a view to obtaining some
definite answers that a series of tests were conducted.

Scope of the tests

The tests were carried out on a § in. gauge 0-6-2T
locomotive and although they were concerned mainly with
the boiler, measurements were also made of power output
and exhaust conditions so as to correlate these with boiler
performance. Tests were made to establish the proportion
of heat transferred by the tubes and the distribution of
temperature at various points whilst the engine was working
under different loads. Conditions of draught were investi-
gated to decide the proportion of energy absorbed in draw-
ing air and the products of combustion through the fire-
bed and firetubes respectively. The temperature and pres-
sure of the steam delivered to the cylinders was studied to
determine the degree of superheat. Back-pressure at the
exhaust nozzle was measured and correlated with power
cutput. The overall thermal efficiency was also determined.

Description of the locomotive
The locomotive tested was a 0-6-2T based on the Minx
design of LBSC. The published design was departed from
at a number of points:
(a) Superheater was made in stainless steel and projected
about 7 in. into the firebox.
(b) Passages connecting the ports to the cylinder bores were
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more than double in cross-sectional area.
(¢) Exhaust ways were greatly enlarged.
(d) Blast-pipe nozzle increased in diameter.
(e) Large snifting valve fitted.
(f) Boiler barrel shortened.

As originally built, the engine weighed 130 1b. in working
order, but this has now been increased to 180 lb. by the
addition of ballast to improve adhesion on alloy rails. The
engine makes a surplus of steam on moderate and heavy
loads, but with some coal needs a touch of the blower on
very light loads. Notable characteristics are its free run-
ning with regulator closed, its high maximum speed under
load (this has never been reached in the interest of safety),
and its low water consumption.

Further particulars of the design are as follows:

Cylinders, (2) 1§ in. bore, 2% in stroke,
Valve Gear, Joy, 80 per cent cut-off in full gear,
Grate area, 21 sq. in.
Firetubes, (16), 12 in, long, s in. bore.
Superheater tubes, (4) 12 in. long, § in. bore.
Driving wheels, 5% in dia.
Blast nozzle, 0.3 in. dia.
Superheater elements, (4) spearheads z in X 22 gauge
stainless steel.
Measurement technique

The power output was measured by greasing the rails
and allowing the wheels to slip whilst the drawbar force
was measured on a Salter balance and the speed by a Smith
Tachometer. Various loads were obtained by taking some
of the engine weight on ball bearing-mounted wheels which
were adjustable, The friction of these wheels against the
rails was small and was ignored.

It is not possible to measure directly the rate at which
fuel is used for short test periods, since the firebox
content cannot be accurately known. If, however, the rate
of flow of flue gas is measured together with its chemical
composition, it is possible to deduce the rate at which
fuel is being used and heat generated.. The difficulty here
lies in measuring the rate of flow of flue gas from the
chimney when it is mixed with the exhaust steam. To over~
come this, the flue gas and exhaust steam were passed
through a water cooled baffle, caught in a large polythene
bag and the time noted for this to be filled. The volume
of gas caught was measured by a water displacement
method. A slight error can occur with this technique be-
cause any water contained in the flue gas is also condensed
along with the steam and therefore not measured. However,
by using anthracite as fuel, little water vapour is produced

MODEL ENGINEER 18 March 1966



and the error is very small,

The smokebox and firebox vacua were measured by water
manometers, while the back-pressure at the exhaust nozzle
was indicated on a mercury manometer,

Temperatures were measured by inserting Chromel-
Alumel thermo-couples at the various points and bringing
these out to a 12 way thermo-couple switch using a common
cold junction and meter. In the case of the fire-bed temper-
ature a Platinum/Platinum-Rhodium couple was used in a
protective sheath and connected to a separate meter.

Steam chest pressure was measured by a o-100 lb. per sq.
in. Bourdon Tube gauge, the calibration of which was
checked. The temperature of the steam delivered to the
steamchest was measured by screwing a small copper thimble
containing a thermo-couple into the steam pipe close to it.
The thimble was arranged to project inwards about two-
thirds of the pipe diameter and was made very thin.

The exhaust temperature thermo-couple was inserted
directly into the side of the exhaust nozzle and the exhaust
back-pressure manometer connected to a point in the ex-
haust pipe about 1 in. from the nozzle.

The thermo-couple used to measure the fire-bed temper-
ature was inserted through a hole in a plate covering the
firehole.

Flue gas samples were collected in plastic containers that
had previously been used to contain washing-up liquid.
These bottles were provided with tightly fitting rubber bungs
through which glass tubes were passed. Connection between
these tubes and the sampling tube was made by means of
a short rubber connector with pinch-clip. The sampling
tube was # in. dia. copper arranged to slide through one of
the firetubes from the smokebox end and marked to indicate
when its open end coincided with each end of the firetube.
Each sample bottle was evacuated whereupon it collapsed.
When connected to the sampling tube and the pinch-clip
released, the gas was drawn gently in until the bottle re-
sumed its normal shape. This procedure proved very
convenient both in taking the sample and subsequently
when the analysis was conducted by means of an Orsat
apparatus. The reason for taking samples from both ends of
the firetubes was to check whether or not combustion took
place within these tubes. The tests indicated no combustion.

Right: In this view the steam chest pressure gauge can be seen and the
meters for measuring remperatures ar different parts of the locomotive

Below: The 0-6-2 tank engine under test

- 2
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In order to simplify the thermal calculations, anthracite
fuel was used since this contains about 9o per cent carbon,
4 per cent ash and moisture whilst the 6 per cent residue is
only partially combustible material. The error in assuming
that only the 9o per cent carbon takes part in the com-
bustion is quite small.

When carbon burns in air, the oxygen contained in the
air combines with it to form carbon dioxide, the reaction
being accompanied by the liberation of heat. The chemical
reaction for 1 lb, of carbon can be written :

C + 20 = CO, + 14600 B.T.U. of heat.

The proportions by weight are:

12 parts carbon -~ 32 parts oxgen = 44 parts carbon
dioxide. Therefore, 1 1b. of CO, indicates the production of
4000 B.T.U.

The Orsat appartus used for the analysis was arranged to
determine the parts by volume of carbon dioxide, carbon
monoxide and oxygen in the flue gas. The presence of
carbon monoxide indicates incomplete combustion whilst
oxygen present shows that excess air was being supplied.
The amount of carbon dioxide indicates the extent of com-
bustion and the heat generated, the number of B.T.U. being
obtained from the relationship given above. To do this,
however, the mass of carbon dioxide must be found.

The volume rate of flow of flue gas having been deter-
mined by the use of the bag, it is only necessary ta multiply
the percentage of this volume due to carbon dioxide by the
density of carbon dioxide (o0.12 1b./ft 3) to obtain the mass
flow of CO,. Finally, as we have seen, the mass flow of
CO, multiplied by 4,000 gives the rate of heat liberation in
B.T.U./min., if the original volume were measured in
ft3/min.

The proportion of this heat transferred in the firetubes
may be obtained from a knowledge of the temperature fall
of the flue gas during its passage along the tubes. In order
to do this the specific heat at constant pressure of the gas
must be known and since this is a mixture of gases there
is some difficulty. Fortunately, the major gases present are
carbon dioxide and the constituents of air. The former has
a specific heat of o.201 and the latter 0.237. If separate
calculations are made for these two components and the
results added there will be no great error.
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Knowing the heat transfer in the tubes and the total heat
evolved, both the proportion transferred in the tubes and
that rejected at the smokebox can now be deduced. This
last figure enables one to calculate the boiler efficiency
except that it will not take into account loss by radiation
and unburnt fuel ejected from the chimney.

Most of the tests were carried out at a speed correspond-
ing to 7 m.p.h. (400 r.p.m.), the measurements being taken
after the engine had been running sufficiently long for
conditions to have become steady with the boiler pressure
at 80 Ib. Owing to the resistance of the water-cooled baffle
it was found that under certain loads there was a tendency
for the pressure to fall unless the blower was used. It was,
therefore, decided to limit this part of the testing to three
outputs of approximately % h.p., § h.p. and zero output
(driving wheels suspended), and to follow these with a
series of tests at various outputs ranging from zero to 0.8
h.p. without the baffle.

Results

The observations of the first series of three tests are
recorded on the accompanying diagram which shows also
the results of calculations using the values obtained. The
results from the second series of tests have been combined
with some of those from the first series and presented on
the graphs of Fig. 1 and Fig. 2.

Different aspects of the engine’s operation will now be
considered in the light of these results.

Heat transfer

It will be seen that the proportion of heat transferred in
the tubes varies with the flue gas composition which in
turn varies with the load. In test 1 with the very light load,
there was an excess of oxygen, whereas in test 2 the com-
bustion was better, 13 per cent CO, being produced with low
excess oxygen. This caused an intense fire (not cooled by a
large excess of air) which in turn gave rise to the high
transfer in the firebox of 320 B.T.U./min. Also, in the
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Above: Note water manometers to measure smokebox and
firebox vacua.

Left: The flue gases and exhaust steam were collected in a
polythene bag.

absence of a large excess of air the total gas flow was
relatively low, resulting in a relatively smaller proportion
of the heat being carried in the flue gas and a boiler
efficiency of 85 per cent which is comparable with full-size
practice. Under the heavier load of test 3 the large value of
excess oxygen appeared again giving a lower percentage
transfer in the firebox and higher in the tubes with efficiency
falling to 78 per cent. This is evidence that the fire was
being over-driven, producing poorer combustion and little
extra heat.

The graphs of Fig. 1 indicate the manner in which the
temperature of the flue gas falls as it passes along the tubes.
It will be noticed that generally the fall is very rapid for
the first 1 of the tube length, although this is not so pro-
nounced with the heavier output. At moderate loading,
more than 80 per cent of the heat transfer in the tubes
takes place in the first 3 of their length. In fact, the last i
contributes practically nothing and the last inch or two
only just about make up for the loss by radiation of the
exterior of the boiler barrel surrounding this part of the
tube bank. It is only at very heavy loading that the smoke-
box ends of the tubes make a positive contribution and this
in a boiler which has a short barrel by normal standards.

Superheat

The figures for superheat are shown for the three tests
as 270 deg. F, 320 deg. and 307 deg. respectively. They
are somewhat greater than normal in full-size working where
about 250 deg. F of superheat, ie., a steam temperature of
650 deg. F for a boiler pressure of 220 lb. per sq. in. are
obtained.

The cylinders of the model were cast in phosphor-bronze
and thc pistons made in drawn bronze. Recently, the
pistons were withdrawn for the purpose of replacing the
graphite packing and in spite of the high superheat and
nearly 1,000 actual miles of heavy use, the pistons and bores
were found to be in excellent condition. Shell Valvata J
78 has always been used for cylinder lubrication, fed by a
mechanical lubricator.

Exhaust steam temperatures are seen to be very high
showing a considerable degree of superheat. Under these
conditions it is quite certain that no cylinder condensation
takes place. Indeed, the cylinder wall temperature was in
all the tests above the saturation temperature of the steam
in the steam chest.
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Exhaust back-pressure

As was stated earlier, the back-pressure was measured
just behind the exhaust nozzle and as the results show
never exceeded 1.5 lb. per sq. in. Under these circumstances
there is no point in considering possible improvements in
blastpipe arrangements since any gain here would have a
negligible effect on the working of the engine. The reason
for such low values becomes apparent when one considers
the flow of gas through the firetubes. From the results of
test 3 the velocity of the gas is found to be 570 ft/min in
tubes of % in. bore. Under these circumstances the flow
is streamline and as a result the pressure difference across
the tubes (smokebox vacuum minus firebox vacuum) to
cause this flow is small (0.35 in. of water). In full-size the
flow in the tubes is turbulent and therefore needs a much
greater pressure difference, figures of § in, of water and
10 1b. back-pressure being obtained.

Firebed temperature

Here the values obtained were considerably greater than
in full-size working and it is probably here that the model
makes up for some of the disadvantage it suffers relative to
full-size elsewhere. The problem of clinker formation at
high temperatures is not so acute in models, because they
are rarely in steam for such long periods as in full-size. The
elevated temperature of 2,900 deg. F compared with about
2,500 deg. F in full-size greatly facilitates heat transfer in
the firebox by radiation.

In test 3 the engine was well loaded and the coal con-
sumption figure of 3.9 1b./DB.H.P./Hour is very similar
to that obtained in full-size. Under these conditions the
grate loading of the model was 3.8 D.B.H.P./ft?, whereas
in full-size a value of about 30 D.B.H.P./ft* would be
usual. If the fire of the model had been of scale thickness
and the coal burning at the same rate per unit volume as
in the full-size, then presumably the same temperature
would have been attained. The temperature was however
greater in the model thus indicating a greater rate of com-
bustion and the B.B.H.P./ft* instead of being ‘scale, i..
30/12 = 2.5 D.BH.P./ft* was 3.8 D.B.H.P./ft2, which is
greater, as expected.

Conclusions and discussion

In general, it appears that the operating characteristics
of the model boiler are very similar to those of a full-size
boiler. This comes about by compensating scale effects.
For instance, heat transfer in the tubes in full-size is greatly
aided by turbulence, whereas in the model where the flow
is streamline the tubes are of much smaller diameter, result-
ing in reduced resistance to the radial flow of heat, which
thus compensates. If the full-size engine were provided
with the same size tubes as the model, better heat transfer
would occur, but the tubes would choke up very quickly.
Why do they not choke up quickly on the model? Because
the gas velocity is about scale, i.e. 1/12 and therefore pieces
of coal sufficiently large to choke the 7% in. tubes are not
lifted from the fire. Some coal is lifted, but only that which
is finer and able to pass through without choking.

Again, the model is at a disadvantage due to its radiating
surfaces being proportionally larger compared with the
volume they enclose than on full-size. With most models
this results in severe condensation in the cylinders, but as
the results above show, this is readily offset by superheating
the steam, provided a radiant superheater is employed, thus
taking advantage of the propitious conditions in the fire-
box. The model is also favoured by the natural laws of gas
flow resulting in exhaust back-pressure being negligible,
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At the commencement of this article a number of questions
were posed. Which of these can now be answered?

The answer to the question of tube length at first seems
clear; it would seem difficult to make it too short. Even by
halving the length—a pretty drastic measure—little would
be lost in heat transfer. Drastically cutting down the barrel
length in this way would adversely affect the free water
surface from which the steam is released into the steam space
and cause wetter steaming; but it is doubtful if trouble of
this sort would be met if, say, the tubes had been reduced
by 3 of their length, because the rate of steam production
in this last third is negligible and therefore the surface above
this section is made little use of for steam release.

What is to be gained by cutting down the barrel and tube
length? Before conducting these tests I thought the chief
gain would be a reduction in exhaust back-pressure. I can
see now that no significant improvement is possible since
the back-pressure is so small. I think the major gain would
be in reduction of water capacity where it cannot obtain
its share of heat directly from a heating surface. Such water
must gain most of its heat by mixing with water from else-
where or by condensing steam from the steam space above.
If the barrel is very long, mixing (by circulation) becomes
less effective and the latter effect more pronounced.

Water capacity

Whether or not a boiler should have a large water capacity
is a matter of debate. With a large capacity the energy stored
is large so that the initial fall in pressure when the engine
starts away with a load is less than with a smaller capacity.
On the other hand, once a boiler with a large capacity has
dropped in pressure it is slow to recover. In practice, ex-
perience indicates that provided an engine has cylinders of
ample size, a small capacity (short barrel) boiler is advan-
tageous because its pressure recovery is very quick due to
all its heating surface being effective.

In view of the high proportion of heat transfer being
in the firebox of the engine under test, it would seem ad-
vantageous to make this as large as possible. There is a
danger here, however, that the grate would also be large—
too large, in fact. I believe that grate area should be related
to the size of the engine part of the machine and that this
is a function of the cylinder bore and stroke and driving
wheel diameter. I have devised the following formula by
which this may be related to the grate area:

Swept volume of the cylinders per revolution
N =

Grate area X Driving Wheel diameter
Where N is a dimensionless factor.

In engines where N is high the grate will be driven hard
and firebox heat transfer is more efficient, but the com-
bustion is less efficient and the tendency to clinker more
pronounced. Where N is low the fire will be dull, the boiler
inefficient and sluggish. The value of N for the engine
tested is o.15 and this engine has run all day without ex-
cessive clinker formation. On the other hand the tests have
shown that on very heavy loads there is a tendency for the
fire in this engine to be over-driven. On the whole, I feel the
position is satisfactory since an engine spends very little of
its steaming time on these very heavy loads, but is mostly
used at the intermediate loadings where, as we have seen,
the combustion efficiency is greatest. I have observed the
performance of many model engines and correlated this
with the factor ‘N’ and conclude that the most satisfactory
engines have value for N between o.1% and 0.25.

|Continued on page 283 |
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by J. R. L. Orange

THE STRIKER arm can be made from a suitable non-ferrous
material about 0.025 in. thick; it has the same sort of bearing
as the gravity arm. It carries a soft iron armature which
is slotted and will eventually be fixed with Araldite, but
that should be left until it can be lined up with the electro-
magnet.

Using a needle file, make a notch in the rear edge of the
striker, 2 & in. from the bearing centre. This accommodates
the latch sleeve. Tin the inside of the notch, lay the sleeve
in it and solder them together. They can be held in their
relative positions by being pushed into a piece of stiff clay
while soldering. A touch with a hot wire near the junction
will serve to join them.

Cutting the gears

The sides of two adjacent teeth form a right-angle and
therefore a 9o deg. cutter is needed. I use a fly-cutter
running at 20,000 r.p.m., but it is quite easy to plane the
teeth of this wheel in the lathe if it is done in easy stages
and the wheel is firmly backed up to a wide shoulder. If
proper dividing apparatus is not available, a good 60-tooth
gear mounted on the lathe spindle will do. The wheel is
made from hard brass or bronze, #in. dia. and 0.040 in.
thick. Since it should have as little inertia as possible it
should be ¢ crossed out »’>—that is to say four or five sectors
of metal should be removed, leaving spokes to connect the
rim and boss.

The count wheel arbor carries a seconds hand and its
height therefore determines the plane of the dial. The
dimensions of the arbor and its pinion may be varied, of
course, according to the form of the clock and the gear-
train desired. Its pivots should not be thicker than 0.020 in.
(No 76 drill).

A long ratchet spring bears against the count wheel to
prevent its turning backwards. It should be set so that
when the wheel is stationary the tip is in contact with it
in one place only, its extreme end touching the underside
of one tooth. The spring must not bear against the adjacent
tooth except momentarily when the wheel is moving to
keep friction as low as possible.
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The striker arm is driven forwards by a ribbon spring of
phosphor bronze beaten from wire to 0.003 in. thick. A
strand of 0.015 in. bronze wire from marine throttle cable,
as used in some outboard motors, can be beaten to this
thickness without having to be annealed. In the form
shown, the spring’s pressure can be quite widely varied.

The positioning of the two stop screws conditions the
action of the entire mechanism. The upper one, whose
bearing surface should be rounded and well polished,
limits the travel of the latch nosepiece by stopping it from
rising with the wheel, and thus locks the wheel at each
stroke.

In setting up the mechanism the upper stop screw is
eased off so that with the striker arm fully engaged, the
ratchet spring is just able to slide under the nearest wheel
tooth. This makes it unnecessary to have the ratchet spring
adjustable for length. Then the lower stop is screwed in to
a point at which, when the striker disengages, the latch
has just room enough to drop on to the next tooth. All this
sounds much more complicated than it really is. The
diagram did, I hope, make this quite clear.

Once this assembly is complete the most difficult part
of the work is done. Mount it on a baseboard of resin-
bonded fibre of the Tufnol type, % in. thick, or of light
alloy or brass. This baseboard carries almost all the rest
of the mechanism.

Only one coil is used, combining the functions of driving
the count wheel and actuating the gravity mechanism.
Originally I had separate coils for each task, but the present
method is neater and more economical of current.

The coil is wound in the lathe. Set up about 3in. of
5/32 in. iron or mild steel rod (if you can get soft iron, so
much the better). Support it at the tailstock. It carries
two discs of any suitable non-ferrous material, ¥ in. dia.
and about % in. thick, which are forced over the rod to make
the ends of the bobbin. They should be 2%in. apart,
measured from the inside faces. Drill two small holes in
one disc, one as near as possible to the rim and the other
near the centre, to take the two ends of the wire.

Enamelled copper wire 30s.w.g. (0.01241in.) is used.
With care it is possible to wind perfectly even layers. If
any fault develops, unwind at once and straighten the wire,
for the fault will be reproduced and exaggerated in the next
layer. Wind directly on to the core. It is useful to have the
lathe running backwards, so that the wire is fed over the
top at slow speed.

There is no need to count the turns. Simply fiil the
bobbin to its full diameter. When that is done, run out
the wire and put on a few coats of nail varnish or some other
quick-drying lacquer while the bobbin is still in the lathe.

Make a jacket from thin aluminium or brass sheet to
enclose the coil, bending the edges outwards to form a
flange by which the whole is attached to the baseboard.
The assembly should be free to slide up or down slightly
so that it can be accurately positioned in relation to the
striker arm, leaving a gap of not more than 0.005 in. when
the striker is fully withdrawn.

Connect a 2-volt supply across the coil. The striker arm
should withdraw sharply even against fairly strong spring
pressure. When contact is broken the wheel should advance
by one tooth. No matter how fast you make and break the
circuit the striker arm should keep pace with you. Using
a mechanical switch, I have run one for over an hour at
30 impulses per second.

At this stage the two principal assgmblies should be
connected. They are held about % in. apart by a block of
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resin-bonded fibre; a piece of the same section as the main
beam will do very well. Draw a line on each of the base-
boards to indicate the plane of the pendulum rod; these
lines should coincide when the assemblies are joined, or
the pendulum will hang off-centre in the finished clock.

The link mechanism which is common to the two assemb-
lies consists of long and short levers pivoting about a cross-
shaft carried under the joining block. The long lever works
between two small limit screws. The lower of these, in-
significant though it may seem, has a very important func-
tion, for it determines the duration of the pendulum’s
impulse. At its outer end the lever carries a soft iron armature
which is fixed and adjusted like its counterpart on the striker
arm. The other end is permanently fixed to the cross- shaft.

The short lever is forked at its outer end, the fork carrying
a piece of 0.050 in. steel rod whose function is to transmit
motion to the steel tail at the end of the release arm. Though
it may appear crude, this link is absolutely reliable. The
two pieces of steel are always in contact, and their relative
motion is so small that when the clock is working they
appear almost stationary. The inner end of the short link
is attached to the cross-shaft by means of a collar and grub-
screw. The length (§in.) given in the diagram should be
regarded as approximate, for it will depend on the relative
placing of the two assemblies. The lever should be so
arranged that the transverse steel rod touches the steel tail
as shown in the diagram. When the position is right, lock
the lever with the grubscrew.

The release arm should now be holding the gravity arm
in a horizontal position. If adjustment is needed, bend the
upper part of the release arm.

Testing the link mechanism

Now the link mechanism can be tested. Closing the
circuit should cause the contact end of the gravity arm to
drop. The amount of movement should be very small,
but perceptible. As long as there is some movement you may
safely leave it until the time comes for final adjustment with
the clock running. If there is too much movement (more
than about 0.025in.) close up the limit screw under the
long lever.

Attach the pendulum assembly temporarily to the main
beam, using a cramp. Then hold the main assembly against
the front of the beam in such a position that the contact
points coincide. Unless you have been very lucky it will
almost certainly be necessary to move the pendulum hanger.
When everything is about right, fix the main assembly to
the beam with two 4 BA bolts, and finally fix the pendulum
hanger. All this is a fiddling job, which can be made easier
if small cramps are available. Support the beam on a tem-
porary wooden structure with sides about 16 in. high and
5 in. apart, leaving enough room to put the pendulum bob
on again when the rod has been hung.

When the pendulum is finally positioned the contact
points should lie in the same vertical plane, and should not
quite touch when the pendulum is at its lowest position.
The final adjustment, which is made by moving the contact
arm on the pendulum rod, is left until the electrical circuitry
is complete.

Wires from the solder tags on the pendulum hanger and
the gravity arm carrier are led to the battery via the relay
trigger circuit. If the pendulum is now moved to the left
the relay should operate. It remains only to connect the
leads from the coil to the relay’s main circuit, and the
escapement is ready for testing.
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Incidentally it will be as well to make up a small four-pin
plug and socket, attached to the escapement baseboard,
so that the leads can be removed without the need for un-
soldering. Place a rule of some sort near the pointer on the
end of the pendulum rod. Contact should be made when
the pointer is moved not more than 3/32 in. away from the
centre line, giving a swing of & in. or a little over one deg.
This should be regarded as the upper limit. It can with
advantage be reduced a little, to just over 4 in. A swing so
small by comparison with conventional pendulum action
may seem odd, but of course it is desirable in the interests
of good timekeeping.

If the swing increases substantially, too much impulse is
being given to the pendulum; the remedy lies in adjustment
of the limit screw mentioned earlier.

The optimum duration of contact is arrived at automatically
by adjusting the swing as described. The beat will sound
lop-sided, but you will soon get used to it, and in any case
the clock is very quiet.

Put a temporary pointer on the extension of the count
wheel arbor. This will enable you to bring the pendulum to
time and also to judge the action of the count mechanism.
The pointer should have the least suspicion of recoil, to
indicate that the ratchet is free. When it moves forwards
it should do so quickly; sluggishness indicates insufficient
spring pressure or lack of freedom in the count wheel.

When all is running well and the pendulum.properly
adjusted, the seconds pointer should be near the vertical at
the Greenwich pip signal for day after day. I do not make
any specific claim for the clock’s accuracy because I haven’t
the time or inclination to put it through the necessary rigid
tests; 1 will say only that it takes about a month for any
significant error to show.

THE final shape of the clock is, of course, a matter for its
constructor. The dial can be anything from 4 to 7 in. across,
though I think both these sizes look wrong in relation to
the one invariable length, which is that of the pendulum.
It is important to realise that the distance between the
count-wheel arbor and the clock centre will approximately
determine the size of the dial, because the seconds circle
should fall comfortably between the centre and the top
numeral. The train I have used brings the seconds arbor
to about 17s in. from the centre; this makes the width of
the dial about §% in., with a little more concealed behind
the bezel.

Several trains are available. I used 10/120 and 30/150,
having already made most of the gears for another experi-
mental clock. The gears are of involute form, empirically
contrived with home-made cutters. I suppose that anybody
who has got this far will have realised that sooner or later
he will have to cut some gears, and will not expect me to
give more than general guidance.

Clock gears can be cut quite easily in a general-purpose
lathe provided that a fly-cutting head and dividing apparatus
of some sort are available. Both can be quite elementary
in character. I have seen passable gears cut with an appar-
atus made from Meccano, the cutting spindle being turned
by hand through three stages of belt drive. We ought to be
able to do a little better than that, even if we do not aspire
to the ideal of a spindle driven really fast, with an adjust-
able mounting of its own to go on the cross-slide. In
passing I may say that such a spindle, driven by flexible
shaft, can be made in four or five evenings by a moderately
skilled person.

Whatever form of drive is used, the cutter head may well
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take the form that I have illustrated. Only one cutter is
needed at a time, the opposite socket being to hold a balanc-
ing weight—a small piece of rod of about the same size as
the cutter. Centrifugal force is quite large at 20,000 r.p.m.,
and a transparent cover should be used to screen the cutting
head while it is running.

Cutter forms can be gauged from existing gears of
approximately the size desired. Turn or file the end of a
piece of silver steel until it exactly fits the space between
two teeth, then file away half the thickness of the rod over
the turned part, leaving a flat face bearing the cutter profile.

Harden and temper it to a light yellow colour, and be
careful to mount it squarely in the head. At the optimum
speed the full depth can be cut at one pass, the cutter going
through the blank without perceptible check and leaving
clean edges. More than one cutter will be required, of course,
for a full train of wheels, but you can get away with only
three if you make your train 10/60 by 10/100.

Dividing can be done if need be by using accurate gears
mounted on the lathe spindle, with a detent to hold them
firmly for each pass.

If the worst comes to the worst, existing clock gears
can be used for the train, but this will involve a lot of
searching and fiddling, and it is very likely that the gears
will be worn.

Making arbors

An ordinary lathe can be used to make arbors with pivots
as fine as .010 in. Success depends largely on having a tool
of the right form, on using the right material, and on
delicacy of touch. The top-slide must be nicely adjusted
and set square, and to make sure that the tool is cutting
and not rubbing in the final stages a magnifying glass is
practically essential.

The tool must have a lot more front rake than usual,
for there must be no possibility of any part of it other than
the edge touching the work. Otherwise it should be shaped
like an ordinary parting tool, but with the blade as narrow
as you can make it and slightly rounded at the left-hand
corner. Use this tool only for turning the actual pivots
when the diameter is below .040 in.

Use the highest possible speed and the lightest possible
feed-in increments of .0o1 in. if possible. The tool must
be seen to cut at each pass. If it needs much more than
.001 in, feed to make it cut, you will almost certainly be
unable to get the diameter much below .025 in.; the tool
will merely push the pivot off centre, and that will be that.

If you find it beyond you to turn pivots in this way,
they can be rubbed down from about .030 in. with a strip
of fine abrasive paper firmly glued to a flat metal surface,
held underneath the pivot so that the track left on the paper
will show whether contact is being made all along this
surface. This is a third-rate method, however, and T re-
commend it only to those who cannot manage otherwise.

To turn the second pivot it will be necessary to reverse
the arbor and to make sure that it is running quite true.
This is much more easily said than done. For a start, the
piece is too small and delicate to be held in the independent
chuck. Therefore, set it in a subsidiary chuck which you
know to be axially true and mount that in the four-jaw.

But there can be little obiection to your taking the motion
work from another clock. Many pre-war cars—notably
Rileys and Rovers, to my recollection—had excellent dash~
board clocks whose motion work would do very well for our
purpose; doubtless many breakers’ yards will have one. The
centre arbor will have to be turned and nicked to take the
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cannon pinion. Copy the pivot from which the cannon
pinion was taken, and be careful not to have the pinion
running too easily when it is pushed home,

The dial may be made by spinning over a former, or it
may be a piece of flat brass. Mine came from a nickel-silver
dish long past its domestic usefulness.

Finally, the hands. I think it is desirable to counterbalance
them all, but in particular the seconds hand must be bal-
anced, or it will tend to run away with the counter wheel.
I have said nothing about oiling. I will leave it to your
common sense, with the warning that none must be allowed
on the teeth of the count wheel.

The case

The design of the case must, of course, be primarily
a matter for you. Remember that the clock is unlikely to
keep really good time unless the case is either fixed to some-
thing immovable or is so heavy as to be proof against shake.

A simple experiment will show how important this is.
Mount the movement firmly on a temporary stand, with the
pendulum absolutely still. Then walk heavily near it, or
slam a docr. Look at the pendulum again; almost certainly
it will be moving. This movement, added to or subtracted
from the pendulum’s natural swing while it is working,
can be relied on to upset its accuracy. The Froment pend-
ulum is, of cousse, quite free in the vertical position, and
will beat for some hours if pushed through only a quarter
of an inch, without further impulse.

The easiest way to avoid unwanted movement is to screw
the case to a wall. If this is to be done, the back of the
case must be its strongest part. The sides, which bear the
main suspension beam, should be very firmly fixed to the
back. Provided that this basic structure is rigid, the rest
of the case can be fitted quite loosely to it.

Suitable material for the back is inch-thick resin-bonded
plywood, which will not warp. The sides, which presumably
will be required to be more decorative, may be of some stable
wood, well seasoned, at least % in. thick. I used teak for the
sides and top and bottom, and was lucky enough to be given
a piece of beautiful Ceylon satinwood, whose grain makes
a pattern of russet brown on rich yellow, for the front.
Unfortunately, though it was first sawn more than a century
ago, it warped after being planed, and had to be reinforced.
Since the front should be fairly thin (so that the glass does
not stand too far off the dial) a veneered plywood may be
as gocd as anything. But please, let it be honest wood, and
do not insult the clock with that laminate whose proper
place is on the kitchen table!

The front should be quickly detachable. If the top is
hinged and spring-loaded, and the bottom fixed, the front
can be held firmly between them by means of tongues fitting
in grooves. Or the top and front can be joined as a unit and
heid in place by ball catches. Whatever sort of case you
make, remember that most people will see little more than the
case iteelf and will judge your work accordingly. It is worth
taking trouble to get the surfaces really straight and smooth
and the angles accurate.

A friend, whose firm produces the most beautiful wood-
work you are likely to see anywhere, gave me a tip for finish-
ing the surfaces. Apply (to the raw wood) one coat of poly-
urethane varnish; sand it thoroughly with the finest paper,
and then wax polish it three or four times.

If anybody who makes this clock gets half the pleasure
and education from it that it has given me, his time will
not have been wasted. * [w]
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As ‘short an extension
n on fail stock as
possible

— Bottle jack

[

"QUARTERING" LOCOMOTIVE WHEELS

L

) Cross slide

Put them beitween centres says

DURING the construction of Maisie, the
problems of quartering wheels and the
spacing of the centres of the bushed
holes in the coupling rods to exactly
coincide with the centres of the coupled
axleboxes were overcome without jigs
and with little trouble.

For quartering, the crankpins were
pressed into the wheels and one wheel
of each pair pressed on its axle. An
old Morse taper drill was sawn off
above the flutes and fitted into the
lathe mandrel, where the plain shank
remaining was turned down to the
diameter of the largest (driving) crank-
pins and a centre formed on the end,
the angle coinciding with the centre
in the wheel axle. The job was then
removed from the mandrel and the
three-jaw chuck fitted.

A scrap piece of round rod was
chucked and turned down to crankpin
size and a centre formed in the end
as before. The topslide was removed
and the Morse taper centre fitted to
the tailstock. The driving axle was
then placed between the centres, with
the wheel already pressed on towards
the chuck, and the loose wheel placed
over the tailstock centre. The axle-
boxes and eccentrics were, of course,
in position.

The crankpin at the chuck end was
positioned horizontally to the lathe
bed by packing under it and the chuck
centre, checking with feelers. (A small
screw jack set under the chuck and
then placed under the crankpin is an
improvement). The tailstock hand-
wheel, used judiciously, slightly end
loaded the axle and assisted in keeping
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it from turning off the packing. The
other wheel was then started on the
axle with crankpin set vertically over
the tailstock centre, by checking with
the blade of a try square whose stock
was placed on the cross-slide, and by
just touching the blade against both
crankpin and centre. The axle was then
removed from the lathe and the
‘starter’ wheel partly pressed on, the
whole assembly being then returned to
the lathe centres to check that no
radial movement had taken place.

The operation was completed by
pressing down the wheel and re-
checking. The leading coupled axle
was treated in the same way, but as
the crankpins were smaller in diameter
the machined centres had to be turned
down to suit. Although this method
does mnot guarantee the crankpins
being at go deg. to each other on each
axle, both wheels are exactly the same.

The wheels were erected in the
frames, the axleboxes being jacked up
to running position and the crankpins
at dead centre on one side. The coup-
ling rods were marked out for hole
centres and drilled and reamed for the
leading coupled wheel bushes, which
were turned and fitted. The holes for
the driving crankpins were then drilled
to the size of the crankpin and the
rods offered up. Any discrepancy be-
tween hole centres and crankpin
centres were partially rectified by
drawing the hole over with a smooth
round file before drilling and reaming
for driving crankpin bush. This oper-
ation was then carried out on the other
rod with its crankpins at dead centres.

QUARTERING
LOCOMOTIVE
WHEELLS

D. Marsden

The bushes for the driving crank-
pins were first turned from bronze
rod to a press fit for the holes in the
coupling rods, this diameter being
made about 7s in. over length and the
extra length a push fit in the holes in
the rods. The bushes were parted off
and chucked in turn in the four-jaw,
flange outwards, and brought to run
a few thou. out of true (or eccentric)
when each was centred, drilled and
reamed a running fit on the crankpins.

One coupling rod was then offered
up to its pair of coupled wheels which
were again in dead centre running
position. The eccentric bush was
pushed on the crankpin up to the hole
in the rod and rotated with the fingers
until it would just enter the hole. A
slight tap with a hollow drift secured
the bush in the rod. The wheels were
then carefully turned through 9o deg.
and with the other pairs of wheels on
dead centre, the other rod and bush
were treated in the same manner. The
wheels were spun to check for binding,
its absence being the signal to press
home the bushes and fit and re-check.
Any binding means the removal of rods
and bushes and a fresh attempt. When
the bushing was completed to satis-
faction, the excess material protruding
through to the back face of the rod
was removed, after bolting the rod to
the faceplate.

These two operations, quartering and
hole spacing, though lengthy to de-
scribe, are simple and quick to carry
out, and require only simple equip-
ment. The accuracy achieved by this
method is all that can be desired.
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G. M. Cashmore’s superb 5 in. gauge LNWR George V; she has ‘“ Maid of Kent >’ cylinders and Joy valve gear.

Injectors are simple says L B s C

who goes on to clear up some more locomotive ¢ mysteries ”’

IT sTILL puzzles your humble servant
as to why many good folk regard little
injectors as gadgets with hidden secrets
and mysteries in them. They are noth-
ing of the kind, being merely simple
bits of mechanism making use of the
natural law, that a jet of liquid issuing
from a small nozzle has a lot more
kick behind it than a jet of steam at
the same speed. To put the matter in
a nutshell for the benefit of beginners,
steam issues from a weeny cone with all
the force of the boiler pressure behind
it, condenses in cold water surround-
ing the cone, and in doing so, gives up
its speed to the water. This water now
has force enough to shoot from the
nozzle of the mixing cone, jump a
small gap, enter the nozzle of the de-
livery cone, push up the boiler clack,
and get into the boiler. Long scientific
dissertations have been written about
it, but it is just as simple as that.

The success or failure of a little in-
jector to feed a boiler, depends on the
shape, nozzle diameters, and spacing
of the cones. I found fthis out many
years ago, and it is not the slightest
trouble to me to make injectors that
work every time. Since the end of the
last war, I have made over 200—that’s
a lot, isn’t it?—but it soon adds up
when making a dozen or so at a time,
Most of them have been given away
as presents, to folk who were kind to us
during the war, sending food parcels
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and so on; to personal friends for
services rendered, and various other
reasons. They are scattered all over the
world, and I have yet to hear of one
that failed to do the job. I have also
re-coned and otherwise corrected
goodness knows how many more for
people who slipped up when making
them; also corrected commercially-
made injectors that were unsatisfactory.
Experience teaches!

Not made to instructions

On page 33, January 7 issue, Brig-
adier Richards says that he made an
injector to instructions, and it put the
water on the track instead of in the
boiler. Pardon my contradiction, but
the injector was definitely not made to
instructions, otherwise it would have
worked. Many readers can confirm
that! Some of the makers of non-
injectors sent to me for examination,
swore by all that was holy that they
had followed the instructions exactly,
but they had jolly funny ideas about
what “exactly ” really means! Cones
of wrong shape and bore, spacing not
correct, alignment all out, slack fits,
leaking air valves and so on, are all
causes of failure,

To take a typical example, one I
received a few weeks ago, time of
writing, had the following defects:
Steam cone quite slack in the body,
so that it didn’t line up, and the nose

turned to a blunt cone instead of a
long curved taper. When pushed
right home, it almost blocked the en-
trance to the combining cone. The
bore was much too large, and not
properly tapered at the end. The two

. halves of the combining cone were over

15 in. apart, and consequently the
tapers in the bore didn’t line up to
form a continuous cone angle. The
delivery cone was not only loose in
the body, but also turned to a blunt
angle too large at the end, which was
belled out to about twice the depth
it should have been, the throat being
oversize. To crown all, the outsize
clumsily-made check valves, instead of
butting up against the flange of the
delivery cone when screwed home,
butted up against the injector body
instead, leaving the delivery cone free
to slide back and leave a gap between
it and the combining cone, a fault
which in itself would have cattled up
the whole works!

The workmanship on the body was
so poor that it wasn’t worth making
and fitting a proper set of cones, so I
just sent the gadget back to the maker,
told him what was wrong with it, and
advised him to have another go, this
time following the instructions exactly.

Good advice
The Brigadier’s friend Mr James
was perfectly correct; perfect alignment
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and correct centring are esential. For
centring, I use a scrap dental burr with
the business end broken off, leaving
the end with a taper like a sewing
needle. This end is then ground to the
shape of an arrow-head by hand on a
fine-grit oilstone, under a good mag-
nifying-glass. The stem of the burr is
large enough to hold in the tailstock
chuck of my 3 in. Leinen-Boley pre-
cision lathe,.and as the 3 in. Burnerd
three-jaw chuck is accurate to aero
limits, I haven’t the slightest difficulty
in centring cone blanks with a weeny
countersink accurate enough to start
a No. 8o drill truly. If the chucks were
not accurate, I should use collets, or
home-made sockets.

My pin chucks are the same as used
by watchmakers, and are also accurate,
so I never have any trouble with drills
wandering. A high speed is certainly
desirable, and I work the handle of
the lever tailstock back and forth like
a pump. Mustn’t speak out of turn,
but it is ages since I broke a little drill;
just can’t afford to break them at
present prices, anyway!

Making steam cones

Mr James’s method of making steam
cones is similar to my own, but I use
a piece of flat steel s in. thick as a
gauge to get the right distance between
flange and body. The turned end of
the rod is then centred and drilled, the
curved taper nozzle turned to shape,
the diameter at the end being measured
with a “mike,” and the little taper
reamer fed into the drilled hole until
only a knife edge is left all around it.
The cone is then parted off about § in.
behind the flange, reversed in chuck,
the back opened out with a No. 33
drill to within a bare 3¢ in. of the
reamed end, and the flange faced off
truly so as to make steamtight contact
with the union.

To ensure getting a continuous
taper in the combining cone, I turn a
bit of i% in. rod to a press fit in the
injector body for about % in. length,
centre and drill it No. 72, cut back
the end very slightly, and part off to
15 in. bare length. The blank is then
reversed in the chuck, and reamed
until the point of the taper reamer just
shows through the nozzle end. I use
a jewellers’ saw to cut the blank in
two halves, whilst revolving in the
chuck. The sawn ends are then faced
off, and the back of the nozzle half very
slightly countersunk with the % in.
reamer. This half is then pressed into
the body until the end is just past the
middle of the ball seat. A sliver of
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Steam 63 65
Combining 70 71
Delivery 75 76

Alternative
slotted cone

Details of injector cones

brass ¥+ in. thick is then put down
the hole, and the other half of the cone
pressed in until it touches the sliver.
That gives the correct spacing. Finally,
I put the taper reamer into the pressed-
in cone, and carefully turn it with a
tapwrench until a No 70 drill will just
go through the nozzle. That correctly
lines up the tapers and makes sure of
the right diameter of the nozzle.

For the information of new readers,
I first described how to make injectors
in my original Live Steam notes over
40 years ago. Since then I have done a
lot of experimenting, and made various
types, such as sliding cone, flap nozzle,
combination and so on. I have also
made exhaust steam injectors, but the
trouble with these is the oil in the
exhaust steam. If this gets into the
boiler, you’ve had it! I tried separators
filled with gauze, muslin, Turkish
towelling, and goodness knows what
else, but the oil either got through, or
choked the separator. Qur little engines
use far more oil, in proportion, than
a full-size one, and there’s a lot of
difference between a separator the size
of your finger, and one nearly as big
as a 5 gallon oil drum!

Mr R. Bacharach’s blastpipe query

Neither Mr Bacharach nor Mr W. J.
Lepley need worry about a reprint of
the late G. S. Willoughby’s articles on
Stephenson link motion, because what
virtually amounts to the same article
was written many years previously by
an eminent locomotive engineer named
Zerah Colburn.

Colburn’s work on Locomotive
Engineering was first published in
1864, in 20 monthly parts, each con-
taining three double-page engraved
plates and 16 pages of text. The pub-
lisher was William Collins, Sons and

Co., 139 Stirlings Road, Glasgow, and
the price, two shillings per part, I
have them right here, at the present
minute, and can assure all our readers
that they were wonderful value for
money, even in those far-off days. The
plates were the finest I have ever seen.
The article on Stephenson valve gear
begins on page 160 of part 10. Pre-
vious to that, there was a long dis-
sertation on the proportions of valves
and eccentrics, illustrated with numer-
ous diagrams.

The complete work was later issued
as a bound volume, and can still be
obtained on loan from certain public
libraries. My old friend Tom Glaze-
brook borrowed a copy from Croydon
Public Library. They didn’t have it
in stock, but got it from another
library. I don’t know if American
libraries have  copies—incidentally,
Colburn himself was American—but
Mr Bacharach can soon find that out
for himself. I happen to know that
G. S. Willoughby had a copy, as he
told me so himself when he visited me
at my old home at Norbury in 1924.

Mr Bacharach’s problem about the
height of his blastpipe can be solved
in two wags of a happy dog’s tail.
Being a newcomer to our craft, he
naturally doesn’t know the “ tricks of
the trade,” or he could set his blastpipe
at the right height by eye, same as I
set mine, and I never get any steaming
trouble. However, if he would rather
do it on the drawing-board, he should
draw a 5% in. circle to represent the
smokebox, and draw the stack on top
of it. Then, from a point about 1% in.
up the stack above the smokebox, pro-
ject an angle downwards as shown in
the accompanying sketch. Where the
lines cross, is the distance of his blast
nozzle below the bottom of the stack.
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ARRANGEMENT OF BLASTPIPE
FOR GOVERNOR STANFORD

A good rule for engines with short
chimneys is to divide the diameter of
the smokebox into three. The top
third is the amount that the liner
should project into the smokebox. The
middle third is the distance between
the blast nozzle and bottom of liner.
The bottom third is the height of the
nozzle from the bottom of the smoke-
box. Simple, isn’t it? If the engine has
a long chimney, adopt Pat’s formula;
cut a bit off the bottom of the liner
and add it to the height of the blast-
pipe. Hallo—what was that noise?
Was it a rumble of distant thunder
from the direction of Rustington, way
down in Sussex, or just a diesel-hauled
goods train going over the bridge at
Purley Station?

A question of safety

All readers have probably seen the
full-page advertisement of Araldite in
recent issues of this journal. They
show the front end of a steam loco-
motive in close proximity to two tubes
of Araldite, and right opposite, are
the words “ Use Araldite for ALL your
model making. Solve problems of
riveting, screwing, soldering or brazing
by using Aaraldite instead.”

Now imagine a raw beginner, maybe
a young lad, building his first loco-
motive, He hasn’t much in the way
of tools and equipment, and certainly
no facilities for brazing the boiler. He
reads the advertisement, and thinks
“Well, it doesn’t matter about brazing
it if Araldite can be used as a sub-
stitute,” so he goes right ahead, cuts
out the pieces of copper for his boiler,
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shapes them, and sticks them together
with Araldite.

Now—uwhat is going to happen when
he starts to get up steam ? I’ll take full
responsibility for putting the following
straight question to the manufacturers
of Araldite. Do they seriously mean to
assert that Araldite can be used to make
the joints that are normally riveted
or brazed in a small locomotive boiler,
viz. firebox tubeplate, doorplate, smoke-
box tubeplate, tubes, backhead, found-
ation ring, and bushes? If they do—
AND CAN PROVE IT—we might as
well sell our oxy-acetylene torches,
blowlamps, and other equipment. If
not, then I submit that the wording of
their advertisement is not only mis-
leading and incorrect, but a source of
danger to beginners and inexperienced
workers, and should be corrected before
somebody gets hurt. Nuff sed!

Too simple?

When I first started to write my
Live Steam notes way back in 1924, at
the invitation of the late Mr Percival
Marshall, it was my aim to cut out all
the “ witch-doctory” business from
locomotive building, and word my
descriptions and instructions, and make
my drawings as simple and clear as
possible, so that the rawest tyro could
build a successful locomotive by simply
“ following the directions on the label.”
I’'ve had many a good laugh over letters
sent by beginners who didn’t know the
first principles of steam locomotives,
saying that they made the bits and
put them together, just as I advised,
and when they got up steam for the
first time, to their great amazement and
delight, the engine worked, steaming
and pulling better than ever they
expected.

Now I don’t use drawings muyself,
and have never had a lesson in mech-
anical drawing in my life; but draw-
ings of full-size locomotives, are such
a complicated jumble of lines and
figures, that it takes the proverbial
month of Sundays to sort them out.
That is one reason why I make my
drawings as simple as possible, so that
the average amateur builder can read
and understand them at a glance.

Alas! This procedure has landed
me in trouble, for it appears that cer-
tain good folk who are so used to pro-
fessional drawings and can’t get on
without them, are absolutely sunk if
they try to work to my simple efforts!
A case in point was the article by J. A.
Plowman on what he called a Tich-plus
in ME 15 October, 1964.

I should have taken this up at the

time, had I still been writing for this
journal, but “better late than never.”
Mr Plowman passed some scathing
remarks about the Tich drawings, and
then went to a lot of unnecessary
trouble, and wasted much time, in
making modifications, the result of
which is that his engine uses far more
steam and water (and presumably coal)
than those built to my specifications,
and will only run between two and
three minutes without having to stop
for refilling.

Tichs galore!

It so happens that Tick was one of
the most popular engines that I ever
described. Being a small four-wheeler,
able to “run around the edge of a
dinner-plate ” in a manner of speaking,
it was ideal for small back-garden
lines, and didn’t need a car for trans-
porting if the owner wanted to take
it for a run on a club track. It could
haul three adults or several children
without too much effort. Castings and
material didn’t cost overmuch; in fact,
one advertiser told me he sold several
cwts. of frame steel. The engine was
simpie and easy to build, and they
sprang up in scores all over the world,
even attracting feminine builders. One
lady, Mrs Ruth Daltry, said that the
job was just as easy as making a dress
from paper patterns, a fact which I
commend to the notice of Mr J. A.
Plowman. Incidentally, I use paper
patterns for certain jobs, such as the
platework on my 4-6-2 Polly O’Flynn.

The builders of the several Tichs
that have run on my own road, never
had the least trouble in assembling the
boiler fittings, or any other parts of
the engine, and they could all run for
ten minutes or more without stopping
for water. My own Tich uses so little
water that I had to reduce the diameter
of the pump ram to 3% in. in order
to prevent flooding the boiler. The
only time she ever used a lot of water
was when some soda-water (not the
kind usually added to whisky, I hasten
to add!) got into the side tanks and
was pumped into the boiler. She
didn’t like the taste of it, and promptly
spat it out via the chimney, your
humble servant getting the full benefit.
She differs from the outline shown in
the general arrangement drawing,
having a short stove-pipe chimney and
a low open-backed cab with side sheets,
like some contractors’ locomotives that
have to work under low bridges, dock
and wharf cranes and so on. She has
a Belpaire boiler with a barrel only
2% in. dia., but is never short of steam,
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and outside Stephenson link motion.
To enable her to make long non-stop
runs, I built a 3% in. gauge copy of a
Southern 16-ton steel coal wagon—
only it’s brass, says Pat—the body of
which is partly a water tank. The con-
tents of this, plus what is in the side
tanks, enables the engine to run two
miles non-stop if desired. A section of
the back of the engine bunkerplate is
made removable to give easy access to
the firchole when running. She will
pull my weight around the line at a
speed equal to any of my bigger
engines, with the lever in next notch
to mid-gear, and the speed at which
the little coat-button wheels turn,
makes me wonder how on earth the
feed pump manages to suck water and
feed it into the boiler. She has a fairly
deep ashpan, with a kind of wheel-
splasher at the front end, in which the
pump eccentric works. This makes
certain that plenty of air can get to
the grate, even if ashes accumulate
during a long non-stop run,

Extension drills

Referring to a letter from Mr Claude
Geoffrion, page 88, January 21; over
40 years ago I described in my notes
how to make extension drills and tap-
wrenches, using 1% in. round brass or
steel for the smaller sizes, and also
showed how broken pieces could be
utilised by mounting them in similar
extensions. At this very moment there
are two stands containing extension
drills on my workshop shelf. The ex-
tensions vary from 2 in. to 10 in., the
latter carrying a No. 40 drill which
enables holes for stays to be drilled in
a boiler throatplate, close up to a long
barrel. The tap-wrench that I use for
this particular job is a long piece of
% in. steel tube, in which the squared
end of the tap was a tight fit. All I
had to do was to hammer the end of
the tube on to the square, drill a No

il
! Drive fit
Brazed Brazed ‘
gl
=g ]
Any desired length
Head end of ' Knurled
Alen screw }
!
BOX SPANNER MADE FROM ALLEN SCREW -

32 cross hole at the other end, and
drive in a 4 in. length of % in. round
steel to act as a handle.

It must be ages since I first described
how to make box spanners from Allen
socket-head screws, and there are
several in my small-spanner drawer
right now. Soften the screw, chuck,
centre and drill it to take a piece of
steel rod of any desired length, a little
smaller than the screw. Ditto repeato
on a piece of steel rod about the same
diameter as the screw, knurl the end
for about 1} in. length, part off, and
put it on the other end. Fit a cross-
handle as shown, braze the joints, and
clean up. The knurled end enables
the lot to be spun between thumb and
finger, the handle only being used for
tightening, and you’d be surprised the
time it saves when putting on steam-
chest and cylinder covers, dome flange
screws and so on. Stick little nuts and
screws into the socket with a spot of
motor grease, and they don’t drop on
the floor.

For larger box spanners, take a piece
of mild steel of any desired length, and
from %% in. to % in. larger than the
diameter of the hexagon over corners.
Chuck, face, centre and drill it for
about % in. depth, to a diameter that
will allow the hexagon to be driven in.
Soften the end, drive in a nut or bolt
head, and hammer down on to the
flats; fit a cross handle to the other

end, and Bob’s your uncle. A piece of
steel tube may be used instead of rod
if preferred, it makes a lighter tool.

Another chestnut is drilling a hole
in the end of the axle, to a depth equal
to the combined thickness of wheel and
axlebox, then drilling a crosshole
through the journal, level with the
middle of the axlebox. The bit that
Mr Geoffrion forgot, was that a groove
should be turned in the journal at the
point where the hole goes through, so
that the oil when squirted in per-
colates all round the journal’ I speci-
fied this system of axlebox lubrication
in several of the locomotives described
both in this journal and the others I
used to write for, the last being the
unfinished Duchess of Swindon, and
also for my Evening Star.

e groove turned
in journal

OIL DUCTS IN AXLES

NEW WORKING DRAWINGS NOW AVAILABLE

LO. 39. Highlander. 7% in. gauge
L.M.S. 4-6-0 locomotive, sheet 6: gen-
eral arrangement of valve gear, motion
plates, expansion links, eccentric rods,
§s. 6d.; sheet 7: details of the bogie,
5s. 6d.
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WE. r3. Small centre lathe by J. K.
Mold. Full details on two sheets. The
set, 9s.

WE. 14. Milling and Dividing attach-
ment for the lathe, by Edgar T. West-
bury. One sheet, 6s. 6d.

M. 26. Grasshopper Engine, by Sydney
Owen. Three sheets. The set, 13s, 6d.
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JIG

by Gilbert Lindsey

SOME years ago I made a jig for hold-
ing small components on the cross-
slide while they were being operated on
by an end mill held in the chuck. This
has proved exceedingly useful and I
think others may be interested in the
device. Mine was made from available
scrap steel and experience has suggested
possible improvements, so I have made
a drawing of a modified version,

The jig consists of a base which is
bolted to the cross-slide and a number
of workpiece holders which are
clamped in position by the cap head
screw. Their height can be adjusted
by discs or washers under the holder.
The design shown is for a small lathe
with a distance of 1% in. between the
top of the saddle and the lathe centre,
but as none of the measurements are
critical they can easily be altered to
suit larger lathes. The holes for the
holding down bolts must be arranged
to suit the individual cross-slide. I
have shown the centre hole in the base
as § in. so that standard bar can be
used for the holders, but as it is essen-
tial that the spigots and holes in the
holders are concentric with the out-
side diameter, it may be better to make
the hole .725 in. unless your S.C.
chuck is absolutely true. The £ in. bar
is then turned down to this size and
the spigots machined at the same
setting.

While the base is set up for boring,
mark the 12 (or better still 24) divisions
round the hole with the aid of a change
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wheel or division plate. The holders
will need marking with a line to
register with these marks, but I find it
an advantage to divide them into 12
as well, as they are easier to see.

Type A holder is used for making
crank webs with rounded ends. The
spigot is made to fit the hole in the
web. If these are not the same size,
either a second holder can be made or
a bush can be used for the larger hole.
The roughly cut out webs are clamped
to the holder with a nut and washer.
I have successfully held items with a
hole as small as § in. dia. by this
method. The forming is done by tak-
ing a series of tangential cuts, turning
the web about 1/48 of a revolution
between each cut. Very little dressing
up with a file afterwards gives a good
finish., With care it is possible to
machine the flanks as well. The saddle
should be locked during milling. An
adjustable saddle stop is almost essen-
tial for some jobs.

I have used a holder of B type for
reducing the heads of commercial
hexagon set screws to scale size, e.g.,
6 BA heads on 4 BA screws. The
screw is screwed into the holder as far
as it will go. The holder is clamped
with its register mark opposite one of
the marks on the base. A trial cut is
taken with the saddle hard against the
stop. The holder is then turned 180
deg. and a second cut taken. The dis-
tance between the flats is measured
with a micrometer. With the aid of

feeler gauges the stop is moved half
the excess size. Two more cuts are
taken and if the measurement is now
correct, you can proceed to mill the
other four flats. Once the right setting
is found you can make quite a lot of
small headed screws in half-an-hour.

Type C holder has a flat square top
and various holes are drilled and tapped
as required to hold all sorts of small
fittings. Sometimes where the com-
ponents have no holes to fix them and
clamps would be in the way I have
attached them with soft solder to suit-
able holders.

One recent job that illustrates the
versatility of this jig, was making split
brasses for a locomotive connecting
rod. These were flat at one end and
rounded at the other, with flanges both
sides. They fit into a connecting rod
with a horseshoe end and are held in
place with a gib and cotter. Two
pieces of gunmetal were machined and
soft soldered together. They were then
bored and faced central with the joint.
They were mounted on a A type holder
and machined to the overall dimensions
in a similar manner to the crank webs.
The holder was then adjusted until the
centre of the brasses was level with the
lathe centre, and the groove to fit the
rod was cut with an end mill of the
required size. The correct depth was
obtained in the same way as used for
the screw heads.

This little jig has saved many hours
work in locomotive*building,.
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Gab reversing gear

HIGHLANDER a 7 inch gauge LMS 4-6-0 Class Five locomotive

BUILDERS of Highlander will recall that I dealt with prac-
tically the whole of the Walschaerts valve gear in the articles
on November 1 and December 15. The only items 1 did not
describe were the reversing arm, the cab reversing gear and
the reach or reversing rod.

The reversing arm is quite a simple component, rather
like the lifting arms, though the upper bearing is a single
one, with the reach rod forked to embrace it. It can be cut
from £ in. X % in. b.m.s. As usual with such items, start by
marking it out on the solid bar, drill and ream to finished
size, then shape the outside.

As it is important that this arm should be a good fit on
the weighshaft, which is 1% in. dia. in its centre part, builders
may prefer not to ream to finished size, but to bore it in
the four-jaw chuck until it is a nice hand push fit on the
shaft. If the arm is a good fit on the weighshaft, it is a much
easier task to locate it at the correct angle for pinning; but
should you find that it is a little slack, fit a small Allen
grubscrew at right-angles to the hole drilled for the taper
pin, as I described for the lifting arms.

Note that when the radius rods are in their central
position, i.e., when the valve gear is in mid gear, the re-
versing arm does not stand up vertically, but at 14 deg.
forward of the vertical. To turn the gear to full forward
or full backward gear, the required movement of the revers-
ing arm should be 20% deg. to either side of the central
position, but before deciding on this exact angle for keeps,
the motion should be gently turned and the actual clearance
in the two full gear positions ascertained, to ensure that
there is sufficient clearance between the die-blocks and the
ends of the curved slots in the links,

Coming now to the cab reversing gear, I mentioned earlier
that I preferred to fit the reversing stand direct to the
mainframe, rather than use a built-up construction attached
to the running board. It is most important that there
should be no play or whip in either the reach rod or the
stand, and as the stand in this design is bolted directly to
the mainframe with no less than ten 2 BA bolts, and the
reach rod has a proper central support, no one can say that
there will be any weakness here! Incidentally, the central
support is an essential fitting on the full-size engine. As
the reach rod measures something like 8 ft long, it is of
considerable weight, and with the section used, it would
tend to sag in the middle, upsetting the setting of the gear,
and causing unnecessary friction.

The reach rod is best made in three parts. The front
section can then be cut from £ in. X % in., if obtainable,
otherwise from $ in. square b.m.s. The centre portion may
be cut from § in. X % in. material, or the nearest wider
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Continued from February 18

by Martin Evans

available, and the rear part from % in. X % in. The three

parts are then joined by lap joints, the last one inch or so
of each end being reduced to # in. thickness, a couple of iron
rivets put through to hold things together, and the joints
brazed.

To make sure that the rod is made the required length,
leave some excess material at the rear end, and do not mark
out for the bearing pin on the reversing nut until the stand
has been erected, and the desired length determined.

Readers will notice that the rear end of the reversing rod
takes a bearing only on one side of the nut, whereas on the
full-size engine, the rod is doubled at this point, embracing
the whole of the reversing stand. This scheme may be open
to criticism, but it will be noticed that the nut is very sub-
stantial. It is no less than 1% in. long, and being made of
drawn prosphor bronze it will not wear for a long time. In
addition, the nut lies hard against the stand itself, so that
any twisting effect set up by the valve gear and transmitted
through the reach rod is eliminated.

The reason why I am specifying a single reach rod is
simply one of clearances. The arrangement has enabled
me to place the centre-line of the reversing screw nearer
to the firebox, and thus to gain much needed room for the
swing of the reversing handle next to the left-hand cab
side—a point which may be appreciated by the driver later
on!

For the stand we shall require b.m.s, plate 3% in wide X
1% in. thick. Clamp the piece to the left-hand mainframe,
and run the 1% in. drill through the holes in the frame,
making centres in the plate. After bending to the required
offset, the top of the plate is cut at an angle of 7% deg. and
the two bearings for the screw, which are cut from § in. X
# in. drawn phosphor bronze, are brazed to the stand. The
nut and the pin which carries the reach rod can be made
from the solid: it is quite satisfactory to use a phosphor
bronze pin working in a mild steel-case hardened rod,
although it is the opposite way round to what we are
accustomed to! In any case the pin is no less than =% in.
dia., so it will be plenty strong enough for the job in hand.

The screw could be made from ordinary b.m.s. at a
pinch, bur silver steel, or a good quality tool steel would be
better, and would give much longer service without attention.
The thread should be 1s in. Whitworth left-hand, to give
a reasonably quick operation and to ensure that the nut is
forward in the forward gear positier.
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I do not think I need say much about the handle. Al-
though b.m.s. is specified on the drawing, stainless steel
would be rather nice here. I find that mild steel fittings on
the footplate go rusty very quickly.

Finally, we need the roller bracket, which takes the weight
of the reach rod, and prevents any whipping. I hope that
a casting will be available for this, but it could be built up
by silver soldering a piece of % in. thick gunmetal 1% in.
wide, to a base of % in. thick material, slotting right
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across with a large diameter s% in. slotting cutter, and then

slotting again, 4 in. wide, at right angles to the 3% in. slots.
The webs can be made from s% in. thick hard brass sheet,
pressed into the slots and silver soldered,

The base of the roller bracket, if this is made from a cast-~
ing, should be faced off in the lathe, or on the milling
machine; bur on no account fit the roller itself at this stage.
The reason for this is that the roller bracket is bolted on
top of the left-hand running board, and wntil this has been
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properly fitted, it is impossible to know quite how high the
roller must lie in its bracket, to take the weight of the reach
rod, without pushing it out of alignment.

As it is better to carry out valve setting after the roller
bracket is in position, I propose to leave the description of
this vital operation until later, and will now carry on with
the final details of the chassis: the brake gear and the
cylinder drain cock system.

To deal with the latter first, the drain cock gear comprises
four ““ plug-cock ” drains, one to each end of each cylinder,
operated by a simple system of rods and levers, in a similar
manner to that used for my 5 in. gauge 4-6-0 Springbok.

Tapered plug cocks are sometimes thought to be rather
a nuisance, but this is generally only true when they are
used in steamn fittings. When used as cylinder drain cocks,
they are in a position where they receive adequate lubric-
ation, so there is no reason why they should stick or seize up.

My drawing below shows the details of the various parts,
while drawings showing the arangement of the control gear
will be ready for my next article. Details of the drain cocks
themselves were given on page 487, July 1, and the cock
levers are fitted to the squared shank of the cocks by means
of the square, plus soft solder. As the phug cock is in bronze
and the lever in brass or nickel-silver, this method of fitting
is perfectly sound. The lower ends of the cock levers are
tapped 6 BA to take the steel pivot pins shown.

A straight “ connecting rod ” is used to couple the two
cock levers, and this is made from ¢ in. b.m.s. The oval
slot, approximately in the centre, allows for the angular
movement of the operating levers, which are bored ¥ in. dia.
for the cross-shaft, which itself lies just above the frame
stretcher for the bogie, passing through its fixing flanges,
as seen on page 74, January 21. As the operating levers
cannot be placed immediately be-
hind the connecting rod, (if they

P

Cab view of LMS class 5 4-6-0, reversing screw on left.

were, they would foul the cyl-
inders) a distance piece is used,
this being a steel turning, tapped
4 BA on its outside, to take the
inner end of the distance piece-
pivot pin. These details will be-
come apparent when the assembly
drawings are published.

To be continued.

Errata

On the drawing of the reversing
rod, ‘the diameter of the front
forked end is given as 3% in. This
should, of course, read 3z in.
radius.

The square part of the end of
the reversing screw, upon which
the handle is fitted, is shown as
fs in. long. This should be % in.
long, otherwise the nut, when
tightened down, would not lock
the handle in position. These cor-
rections will be incorporated into
the full-size drawings now in pre-
paration.

MODEL ENGINEER 18 March 1966

. 8 3l Vo
Lan . V16D Vs fB

o~ Y80t W
O+ (9] mrn &)
Y8

e 1
Q) -
h/%é'ﬂ e 6BA Y8R
D. 23
COCK LEVER
4 OFF BRASS OR

OPERATING LEVER
o ofF  Bms NICKEL SILVER

2 OFF B8NS

Ve R 7320. I6F

COCK CONNECTING ROD  z20fF Us"BNS

8 S35

Tyo O 684
At i

o
r
W)

PIVOT PIN FOR

FORKED LEVER ON
5/16"D.  SHAFT

V8o

! OFF BMS
e 36’ 5160
e e -

.
P Sy o
adees LY 7 "2
-

DISTANCE PIECE FOR

ook 1EUER PIVOT PIN FOR

COCK _LEVER - PR AR

OCK_LEVE OISTANCE PIECE OPERATING  LEVER

2 OFF BMS 2 OFF BMS
Yo vg R

€] g

- - 638"

CONNECTING ROD 1 oFF %32 BMs

DETAILS OF CYLINDER DRAIN COCKS

732 ¥32 Ve,
PEN Il

M bao 355 @
e 3 L%s‘;a

PIVOT PIN FOR LEVER
| OFF SILVER  STEEL

-0

=38 10FF gl
=¥4 "1 0FF B=316

&

~='Y80 tor pin

P-7:

FORKED LEVER
BMS

320

L

LEVER |IN CAB
HOFF BHMS

60 Yer

|
HIEL

CETAIL OF CONTROL ROD

AT CAB LEVER END

265



Above: Fig. 22

A TYPICAL worm-indexing set-up for cutting a gear is shown
diagrammatically in Fig, 16. The blank and worm wheel W
are each held to a suitable arbor by nuts N, but with the
addition of a collar C, to eliminate end-play. Screw H
locks the worm shaft holding assembly after adjusting the
worm meshing with wheel W. The ball handle B is used
to revolve the blank through one complete revolution as a
check for smooth operation before commencing actual cut-
ting. Indexing is done from plate P in conjunction with
the spring index strip S, which is lifted by hand to allow P
to advance in the direction indicated, and lowered as the
appropriate notch approaches. As with direct indexing, the
lever bolt L is released during indexing movements, and
locked during cutting. It is most important to remember
to release L before attempting to turn the index plate, other-
wise an unnecessary strain is imposed upon the worm and
its shaft holding assembly: a strain that could easily upset
the accuracy of the remaining indexing. It is for similar
reasons, too, that you should not make use of the self-
locking properties of the worm to hold the arbor while you
tighten or loosen nuts N. Lock the arbor by tightening L.

Il

“\
W ==
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GEAR
CUTTING

AND

INDEXING

Part Three

by Martin Cleeve

Continued from page 225

The index plates

The spring strip method of indexing on ordinary lathe
change gears proved so simple and reliable that the ratchet
type of index plate seemed to be a logical follow-up.

Amongst my plates I have 5, 6, 11, 18, 21, 22, 23, 24
and 25. The prime numbers, 5, 11 and 19 were made by
direct indexing from lathe change gears. Primes 17, 23 and
29 were made by indexing directly from master plates of the
bushing-and-disc type described on July 15 and 1 August,
1965. Remaining plates were made either by direct or worm
indexing for convenience in subsequent direct indexing of
those numbers. The photograph Fig. 17 shows my 23
master plate being used to make the more convenient
ratchet-type plate.

Indexing table

The indexing table Fig. 18 is a copy of my own which
I keep in the workshop. It shows me at a glance whether
or not I can index a certain number, perhaps for an experi-
mental gear. You will see that, due to being able to mesh
your worm with a variety of wheels, you can obtain some
divisions that cannot be obtained from the standard type
of index head without compound indexing. I might mention
that compound indexing is a system where two rows of
holes are used on one index plate, the plate being advanced
or turned through so many spaces on one row, and then
retarded, or again advanced, on another circle of holes.
With a professional head it gives good results, but the
chances of mistakes are very great.

My own index head will also give other numbers of
divisions without the necessity for large numbered primes,
or for plates with an unduly large number of holes: for
example I can index:

49 without a 49 plate

57 without compound indexing.
63 without compound indexing.
66 without a 66 plate.

69 without compound indexing.
77 without compound indexing.
78 without a 39 plate.

81 without compound indexing.
87 without compound indexing.
91 without compound indexing.
133 without compound indexing.

Left: Fig. 16
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Above: Fig. 17

Above: Fig. 20

Below: Fig. 23
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ag s§ e | w Alternative SE ‘dé £ | a Alternative 3_"5 . Alternative
Sol2Eis | 8L |worm|Index}§ 2 £ & | BE |Worm|Index|S 7|5 -3 L |Worm| Index
S2lA213 8l 22 | o |Turns|E2|AL[3 S| E2 | to |Turns| 8|3 2|eE2 | to |Turns
7|70 35| 5 | (Prijme) | 56 40| 57 | 40 | 152105 [35] 276 | 40 | 82

8| 40 57 38 | 4/6 106 | 40 | 20/53 | (53 Prlime)
5 | 45 | 58 40 | 20/29 | (29 Pr{ime) |107 (Pri|me)

10 | 60 59 Prijme 108 60 | 59

Ii| 55 (Prijme) 60 | 60 | 40 | 4/6 109 (Pri|me)

12 | 60 6l Prijme 10 | 40 | 411
13 | 65 | (Prilme) | 62 40 | 20,31 | (31 Prlime) |11 | 60 | 20/37 | (37 Prlime)
14| 70| 35 | 236 63 35 | 559 | 35 |1o/18 |11z | 40| 5/14

15 | 60 64 40 | 578 TE (Pri|me)

6 40 | 23/6 65 | 65 | 40 | 8/13 (1438 26 | 60 |10/19
17| | Pri|me 66 55 | 5/6 115 | 40 | 823

18 40 | 22/9 67 Prijme 116 | 40 | 10/29 | 29 Prlime)
19| 38 | Pri|me 8 40 | 1017 17 45| 513
20 | 60 | 9 60 | 20/23 118 | 40 | 20/59 | (59 Prlime)
20 35 | 14/6 70 |70 |40 | 47 | 40 | 12;21]1is [ 35| sp17
(22| (55 |236| 40 |19/ 71 Pri|me 120 | 40 | 2/6
(231 | Pri|me 72 40 | 85 | 40 |1en18fi2l 55| s/t
241 |40 | 14/6 73 Pri|me 122 | 40 | 20/61 | (61 Pr|ime)
25 | 50| 40 | 13/5 74 40 [20/37 | (37 Prlime) |123 | 60 | 2041 | (41 Pr]ime)
26| | 65 |23/6 | 40 |17/13] 75 | 75 | 40 | 815 124 | 40 | 10/31 | @31 Pelime)
27 45 | 14/6 76 38 | 24 | 40 |10/19fi2s |50 2/5 | 40 | 825
28 T35 | t14| 70 | 236 ) 77 55 | 57 | 35 | S/11]126 | 35| 5/18
(25 | 58 | Prlime 78 65 | 5/6 | 40 |20/39 fi27 Prilme

30 | 60 | 40 | 12/6 79 Prilme 128 | 40 | 5/16

30 “Pri|me 80 40 | 36 129 | 60 | 20/43 | (43 Prlime)
32 40 | 1 1/4 8l 45 | 509 130 | 40 | 4/13

3 55 | 14/6 82 40 | 20/41 | (41 Prlime) 131 Pri|me

34 40 |13/17 83 Pri|me 132 |60 | 5/01| 55 | s/2
35 | 70 |40 | 11,7 | 40 |13/21f 84 40 | 10721 133 |38 | 27 | 35 | 519
(36| {40 | 119 40 |12/18] 85 40 | 8/17 134 | 40 | 20/67 | (67 Pr{ime)
37 | | Prijme 86 40 | 20/43 | (43 Prlime) |I35 | 45 | 2/6 | 40 | 827
38 | 38 | 40 |11/19 87 60 | 20129 | (29 Prlime) |136 | 40 | 517

39 65 | 14/6 88 40 | 511 137 Pri|me

40 | 40| 351 7/8 89 Pri|me 138 | 60 | 10/23
41 |~ | Prilme 90 4s | 36 | 40 | 49 [139 Prilme
42 | 40 |2021| 35 | 506 | o 35 | 5/13 140 | 40| 27 | 40 | &l
a3 Prijme 92 40 | 10123 141 | 45 | 15/47 | (47 Pr|ime)
44 | ss | [1/4] 40 |1o/01]93 60 | 20/31 | 31 Prlime) |142 | 40 | 20/71 | (71 Prlime)
45 | 45 | 40 | 89 94 40 {20147 | (47 Prlime) 143 Pri|me

4 40 | 20/23 | (23 Prlime) | 95 38| 25 | 40 | 819|144 | 40 | 5/18
47 Prijme 96 60| 58 | 40 | 512145 | 40 | 8/29 [ (29 Prlime)
43 40 | 5/6 97 Prilme 146 | 40 | 20/73 | (73 Prfime)
2 35 | 57 | 35 | 152198 35 | s/14| 40 |20/49 j147 | 35 | 572!

50 | 50 | 40 | 4/5 99 551 59 | 45 | 5/11]148 | 40 | 10/37 | (37 Prfime)
51 Prijme 100 10| 2/5 149 Pri|me

52 65 | 11/4| 40 | 10713100 Pri|me i50 | 40| 4/15

53 Pri|me 102 60 | 10/17
54| | 45 | 556 | 40 |20027]i03 Pri|me 360 |40 | 19 | 45 | I8
55| 55| 40 | 8/11 (04 0| 513

FIG. 18. CHART FOR USE WITH INDEX HEAD A$ DESCRIBED IN THE TEXT
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FIG. I9. CHART OF INDEX PLATES

A LIST OF SPACES OR DIVISIONS OBTAINABLE FROM PLATES UP TO 23 HOLES,

TEETH OR NOTCHES, IN TERMS OF MINIMUM NUMBERS.

PLATES
T4l s| e 7 8| o [ a1s {1617 |18 |19 |2l 23]
28 (25| 14|35 |40 ) i8 |22 |65 (98| 75 |128 | 34 |126 | 38 | 84 | 46
32|50 6|49 |64 36 {559 (1121150 68 (144 | 76 [147 | 69
44| 95| 21 1 56 [ 96| 45 | 88 (104 85 95 92
52 100 | 22170 f [ 63 [0 J117 102 114 115
_76_I25 24177 72 {121 {130 119 133 138
26 {133 81 132 136
w 27 1140 99
;‘ 30 108
; 33 360
< 133
; 42 ALL PLATES CAN BE OBTAINED
o 48 DIRECTLY FROM CHANGE GEARS
; T 54 UP TO 65 TEETH, EXCEPT:
o 57
‘Z 60
> Plate
E 66 Div. How obtained Remarks
78 14 By Worm Index See Table A|
80 16 By Worm Index See Table A
90 17 Requires a Master
105 18 By Worm Index See Table A
114 19 From 38t. or Master |9
120 2! By Worm Index See Table A
135 23 Requires a Master

Summary of index plates

The chart Fig. 19 will assist in the selection of a range
of index plates. It is not necessary to make all the plates
shown, but in deciding how many plates to prepare, a
balance may be struck between the minimised risk of error
when using a plate with the least possible number of
spaces, and the convenience of making a lesser number of
plates each containing multiples of minimum required
notches, or holes. Thus for instance, the one 16 plate would
cover the divisions obtainable under the 4 and 8 columns,
similarly, the 15 would cover the 5 column, and the 18 the
6 and 9 column.

I considered a 3 division plate not worth making, accord-
ingly, in Fig, 18, where fractions of a turn are required in
thirds they are shown as 4/6 instead of 2/3.

You will also see that there are some numbers (above 13)
that you cannot obtain from the index head, either by direct
indexing from a lathe change gear, or by worm indexing.
These are the PRIME numbers, so unless you have the
prime itself, or a multiple of it, you will have to make it up,
although it is unlikely that you will require a prime in
excess of 29.

Requirements for cutting bevel gears

So far, starting with a simple block of metal, we have
seen how it can be converted into quite a versatile indexing
head for cutting ordinary spur gears, or for graduating.
For cutting bevel gears we must be able to tilt the head to
various angles, and we need some means of bringing the
mounting block away from the vertical slide to a sufficient
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distance to give clearance for the largest bevel gear likely
to be cut, and for the largest lathe change gear likely to
be used if you are directly indexing the wormshaft.

Fig, 20 shows how these needs can be met. Neglecting
the Tee bolt, there are two main components: the gradu-
ated barrel, B, and the recessed backplate, 4. As the back-
plate has to carry the fiducial line, means of always locating
in the same position on the vertical slide have to be pro-
vided. This was achieved by fixing two short lengths of
% in. square section mild steel, a close fit between the Tee
slot lips. The pieces, L, Fig. 21, are each held by one %
in. BSF hexagon socket head cap screw, S, the heads being
countersunk in the backplate from its front side.

Make the barrel from a 1 in. length of 2% in. dia. mild
stee]l. This should be faced so that both sides are parallel,
and the hole reamed £ in. to give a good fit to the Tee bolt,
which should be specially made for the attachment,

On assembly, the recess in the backplate A also accom-
modates a fibre disc. This is placed between 4 and B to
ensure a good frictional grip, and is an important addition,
since without the fibre you would not be able to tighten
the Tee nut sufficiently to prevent movement under the
pressure of tooth cutting.

The outside diameter of the barrel B is best finished
whilst mounted upon an arbor similar to that shown at B,
Fig. 9—the whole will then be ready for mounting directly
in the index head for degrees graduating. The drilling for
and fitting of the dowel pins may be carried out after
graduating.

A photograph of the set-up used to graduate the barrel
may be seen at Fig. 22. The indexing arbor mounting
block is used horizontally, and packed up by distance pieces
with the axis of the arbor at lathe centre height. The whole
is held to the lathe bed by one extra long bolt and nut and a
stout plate which grips the underside of the lathe bed-ways,

Graduation lines are formed by a scriber in an adjustable
height lathe toolpost. Scribing pressure is applied by ad-
vancing the cross-slide, and to ensure a uniform depth,
the feed handle is provided with a stop. Lines are formed
by traversing the saddle, and the lengths of the lines are
decided by left and right-hand saddle stops. For a light
operation such as this, the arbor is not locked between in-
dexing movements, but the bearing split is adjusted to give
a permanent slight drag.

On completion of degrees graduating and number stamp-
ing, the dowel pins may be fitted by drilling each compon-
ent from a simple jig plate; then the whole may be assembled
on the vertical slide, and, by referring the'underside of the
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arbor mounting block to parallel packing resting on the
bed-ways, the fiducial or zero line may be marked upon the
bevel of the backplate. This operation is best carried out
by arranging some form of clamp for a short piece of bright
mild steel to act as a guide for the scriber which, in this
case, is used by hand. When you have checked that your
straight edge is dead in line with the first graduation line
on the barrel, you can remove the barrel and then scribe
the line.

Gear cutters

Although it is nice to have professionally-made gear
cutters, they are rather expensive, and you can do a lot of
useful work with fly-cutters made from high speed lathe
toolbits. For instance, the stack of small gears at the rear
centre of the photograph, Fig. 10, and the spoked gear in
the foreground are similar to Meccano gears which are
of approximately No 40 DP. and they were all cut with only
one single pointed fly-cutter ground to an included angle
of 47% deg.—taken from the BA notch on a thread tool
gauge. After grinding and getting both sides as sym-
metrical as possible, the point was given a radius of about
1/100 in——which, for practical purposes, means slightly
blunted with a slipstone.

Gears having larger teeth, such as Myford lathe change
gears which are of No 20 DP, call for modified treatment
if you are without professional cutters. If you examine
the teeth of these gears you will see that whereas the 70 or
75 have nearly straight sided teeth, as you come down
towards the 20 tooth gear, the profile of the teeth shows
an increasing degree of curvature. Since it is very difficult
to free-hand grind the curved profile, I devised a double-
ended fly cutter which will produce a compromise profile
by clearing away all metal that might interfere with proper
meshing, but gives a tooth shape more ncarly approaching
that obtainable from a standard cutter. My photographer
produced the shadow picture, Fig. 23, which gives an overall
comparison between a Myford 20 tooth change gear (with
keyway) and one of my gears made with the double-ended
cutter, details of which are given in Fig. 25.

End A of the cutter produces the shaped space below the
pitch line, P, (Fig. 24) and end B cuts the chamfered portion
above the pitch line. As the number of teeth in a gear
increases, so the chamfer angle at B becomes progressively
less pronounced.

I have compiled a table that can be used in conjunction
with Fig, 25. The following angles will give a reasonably
close approximation to true tooth shape, and will serve for
gears of about No 20 DP where the rotational speeds are
on the low side, or until such time as regular commercial
cutters can be obtained.

Number of teeth

Included angle Included angle

in gear. of end A. of end B
20 to 2§ 16 deg. 60 deg.
26 10 35 18 deg. 55 deg.
36 t0 45 22 deg. 50 deg.
46 to 58 25 deg. 40 deg.
59 to rack. Use a single ended cutter having an

included angle of 29 degrees.

Some time ago, when my son was interested in a home
construction kit, I wanted some bevel gears, but I found
them rather expensive, so I put my attachment to good use
and made some.
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The procedure was as follows: Machine two steel (or
brass) blanks in accordance with the instructions detailed
in Fig. 26. At A4 you turn the largest diameter. You angle
off at B, using the top slide set at 47 deg., and machine
until the face width is ¥ in. At C you form a recess, % in.
deep and of a diameter that will just meet the inner bound-
ary line of the bevel. D shows how you can neck down to
form a boss, and indicates a centre-drilling from the tail-
stock. At E you chamfer off the back of the blank, taking
care not to lose the 55/64 in. whole diameter first turned.
You can also drill and ream, say 3% in., or, if you are going
to use the gears in conjunction with Meccano, you should
drill first No 23, then No 21. At F, of course, you part
off. The parted side of the blank should be dead squarc by
the bore: this is easily achieved by taking a light skim while
the blank is mounted, by light force fitting over a short
freshly turned spigot, held in the three-jaw chuck.

The blanks will be of a size suitable to cut 25 teeth in
each, and you can index directly from a 50 tooth lathe
change gear, taking two teeth at a time. You can mount
the blank on an arbor similar to that shown at D, Fig. 9.
Fig. 27 shows you the angle at which to tilt the arbor
mounting block, and how the depth of the cut, D, is set by
referring the point of the cutter C, in its highest position, to
the corner edge P of the bevel blank, where the diameter is
greatest. In this case, using a tool ground with an included
angle of 47} deg. and a point radius not exceeding 1/64 in.
you can use the vertical slide to set D to 0.059 in. Fig. 27
was purposely drawn in an exaggerated way in order to show
you how the depth of the tooth space increases from back
to front. The cross-sectional size of the teeth also increases
uniformly in a similar way.

After cutting the first two spaces you can examine the

| Continued on pagei 276
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THE STEAM traction engine, once such a familiar part of the
Canadian landscape, has now been completely out-moded
by the smaller, more compact, docile and efficient gasoline
engine. Nevertheless, the Canadian farmer well remembers
that it was the lineal descendants of James Watt’s brain-
child which first removed the sweat from his brow and
turned farming from a work of crude labour into a modern
mechanised industry.

If he is old enough to remember the pre-war years, the
sight of a steam tractor lumbering across a field or standing
in the sunshine, swaying rhythmically as if rocked by a gentle
breeze, its flywheel driving a long belt which in turn drives
a thresher, inevitably gives him acute nostalgia. And since
nostalgia is one of the more pleasant forms of human
emotion, Canadian farmers and their mechanically-minded
sons—and many others who are intrigued by mechanisms
that are now truly antiques—are keeping the steam engine
very much alive.

In barns and sheds throughout the country, literally
hundreds of steam tractors, some little more than rusting
relics, have been restored to all their former glory. Very few
have yet found their way into museums; instead, they are
treated as living organisms. They are operated at frequent
intervals, lubricated, serviced and tended with care, as befits
one of man’s happiest inventions—for the steam engine is
almost unique in that throughout the more than a century
that it was used, it rarely lent itself to other than peaceful
work.

The heyday of the steam tractor in Canada was from
1910 to 1930, after which wood and water could no longer
withstand the onslaught of volatile fuels and the spark
plug, but it is the very early days which are remembered
with most affection. At the annual meets of Canadian
Antique Steam Associations, tractors of the 1920’s pre-
dominate—but there are usually a few of the real old-timers
dating from the turn of the century.

One such engine is owned by Bill Johnson and bears a
marked resemblance to Puffing Billy. It dates from 1899 and
is one of the very early engines which were used only for
threshing. Another old-timer, one of the oldest true traction
engines in Canada, is owned by Gordon Smith, President of
the Ontario Steam and Antique Association. It dates from
1898 and after more than 6o years of service still Iooks good
for another 60 years.
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by Harry McDougall

A few years ago it was sometimes possible to discover an
ancient and neglected relic of the age of steam at the back
of some abandoned barn. No more! There is now so much
interest in the hobby of restoring steam tractors that the
chances of locating such an engine are almost nil. Virtually
all the machines which languished for years at the back of
barns, abandoned to rest in idleness, have now been brought
back into the light of day and renovated. The steam traction
fan wishing to indulge the hobby usually does so by buying
some machine which has already been partially or wholly
restored by some other enthusiasts.

The only remaining sources of true antique are the back-
woods sawmills of Canada. Occasionally they yield some
survivor of the last century still driving the huge circular
saws which are needed to reduce giant Canadian trees to
more manageable proportions.
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These engines are a family in themselves, survivors of the
many hundreds which were at one time used in semi-
permanent installations, and were drawn by horses to each
new work-camp as logging operations penetrated deeper into
the forests. In their day they were regarded as portable
engines. Two of this type, Case engines built in 1910, are
owned by Vince Riddell who is still able to hook them up
to a saw and make short work of modest size logs. Accord-
ing to the maker’s plate, they each develop 18 h.p., but
such are the vagaries of methods of measurement that they
are only considered to develop 6 h.p. by present day
standards.’

Although farmers still form the core of the hobby, some
younger men are beginning to take an interest. Earl
Carpenter had accumulated a collection of antique cars
including a Grant, a Jewett, a Durant and a Hupmobile,
when he decided to branch out into something a little more
virile. From Bill Johnson, who already owns several steam
tractors, he purchased his first, a machine built in 1923 by
John Goodison of Sarnia, Ontario. Because it was originally
used primarily to drive a sawmill, the wheels and drive
mechanism are in almost mint condition.

Left above: Vince Riddell’s Case engine can still do a good day’s work.

Left below: A real old-timer, this Case engine was used in the
forests of Northern Canada.

Right above: 4 close-up of Bill Johnson's engine, showing its excellent
condition.

Bill Johnson's steam tractor bears a striking resemblance

Below: to *‘ Puffing Billy.”’
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The principal problem faced by the steam traction fan
is one of transportation. Tractors are not allowed on the
highway unless they ride on rubber—and older types in-
variably rolled on steel rims fitted with lugs which enabled
them to traverse fields with ease but are ruinous to asphalt
roads! Moreover, even when a tractor is fitted with rubber
treads, as are some of the lighter types, the police do not
take kindly to having the speed of traffic on the highways
reduced to the slow lumbering gait of the steam tractor.

Solution to the problem? Transport the tractor on the
back of a lorry—or in the case of the big ones, a float of the
type normally used to carry earth-moving equipment. It is
a measure of the enthusiasm of many devotees of the hobby
that they will pay the not inconsiderable cost of having
their steam-powered pride-and-joy carried thus, sometimes
for hundreds of miles, to attend an annual meet.

Loading a tractor on to the back of a float is a task
which, in itself, is a good test not only of the controllability
of the machine, but also of the skill of the driver—and skill
in manoeuvring steam powered machines comes only from
practice.

I recently watched a young and enthusiastic driver trying
to load a massive steam roller that was obviously built long
before he was born, on to the back of a float. He had to
drive it up an inclined ramp made from packed earth and
stones. Three times he got it part way up before changing
his mind, either through lack of power or because it was
not positioned quite right to go over the edge of the ramp
and on to the float. Finally, a weatherbeaten farmer, old
enough to be his grandfather, climbed aboard, took the con-
trols and made it the first time in a clean smooth run, up and
over, that positioned the juggernaut neatly on the back of
the float ready to be anchored in position for the journey
home. Manoeuvring an oldtime steam roller is not a
task to be learned easily—and if one was accidentally over-
turned the result could be disastrous. Perhaps oldtime
machines have an affinity for oldtime drivers!

To be continwed.
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DURING the last 40 years I have made many models. For
financial reasons I gave up making model aeroplanes in 1937,
because elastic was not realistic enough and at that time
aero engines were dear and very temperamental.

Why I decided to build a model of the Golden Hind no
one knows. I have no patience for ornamental models and
the size must be worth while, so having bought some blue-
prints from Bassett-Lowke, I began to redraw them three
times larger: I soon came across difficulty in curvatures,
for this was to be a working model.

After two months’ work the plans were redrawn and I
was ready to begin work. I laid the keel down with 24
bulkheads, 12 each side, then instead of planking her with
tiny ¥s in. hand-cut plywood planks, I pasted brown paper
over her and heavily painted her for testing purposes. The
inevitable happened; she turned completely over!

I then began working out displacement problems, and
after many weeks and two more tests the waterline was
almost right (important for the rake of the masts). Then
began the task of making each plank to fit just where re-
quired. The middle part of the ship was not so bad, but
bows and stern templates had to be made for each plank
to fit correctly.

She took four years to build during the war starting about
1940. She proved a great attraction and was used in War
Weapons Weeks, but was accidently damaged beyond repair

in 1945.
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W. L. Barton
built
two large

models of the

GOLDEN
HIND

Photographs by courtesy of the
Daily Mail

As my family grew up, my boy, when about 12 years old,
seeing some of the old pictures of my Golden Hind, began
to ask for another model to be made. Not until three years
ago was work started, and the new ship was finished and
launched on July 24, last year.

Everything went off perfectly and she sailed beautifully
and, as I was told by a sailor friend, to perfection. A
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Church of England Minister, who had watched her being
built, held a launching service over her, remembering the
sailors of today, as well as those of long ago. Unfortunately,
I had sent her out fully rigged, and after sailing for about
one-and-a-half hours she was caught by an adverse wind,
and as thers was no crew on board to release the ropes, she
was slowly blown over on her side where she lay for about
ten minutes before disappearing below the water. This was
a wonderful sight!

This event was wrongly reported in the Press: it was
claimed that my ship had sunk immediately after launch-
ing. This was not true, as photographs showed. She was
launched in weather such that less than half her sail area
was necessary.

Granada T.V. came over to film her, and on this day, in
worse conditions than ever, she sailed beautifully.

Briefly, all one has to do to build such a model is to buy
a good set of drawings, gather together every possible bit of
information, then draw out the plans three times larger. Of
course, everything on her must work properly; nothing must
be dummy. About go 1b. of lead is required in the keel
which, as the pictures show, bring her to about 1 in. down
below her correct water-line.

The Golden Hind, as readers will know, was first a
merchantship named The Pelican. She was refitted with
captain’s stern walk and cannons, and according to our
English halfpenny she had three fighting tops. After these,
and possibly other alterations, she was renamed Golden
Hind. Such ships must have been death traps, and the
sailors of those days men of iron.

Seamen of the day were hung on their own riggings in

Top right:

A port side view of the model GOLDEN HIND.

Below: Filming the launching of the model.

MODEL ENGINEER 8 March 1966

rough seas. There are records of whole fleets being harbour-
bound for as many as 53 days, bcause of the weather. If
they were already at sea, they were sometimes blown hun-
dreds of miles off course. It is recorded that an average of
15 cargo ships were lost without trace, together with 600
men, every year.

I am at present working on Doris, a 3} in. gauge LMS
4-6-o0 locomotive, to instructions in ME, ]
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CHANGE WHEELS
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CHANGE WHEEL LEADSCREW
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As has been explained earlier in this
series of articles, screw threads are
formed both by hand and machine
methods so it is this latter aspect of
the matter to which we shall now turn.
Screws may be produced by a variety
of machine methods, but the lathe is,
of course, the original machine tool for
the purpose and it still has, perhaps,
the greater versatility in this respect,
In any case it is the first machine tool
that the novice will use for thread pro-
duction, so some consideration must
be given to the function of the lathe
in this context.

The simple lathe, as most readers
will know, consists of a bed upon
which are mounted firstly, the head-
stock comprising a pair of bearings
supporting a mandrel to carry the
work. Secondly, a moving carriage or
saddle to hold the lathe tool itself
with the assistance of a compound
slide rest. The saddle is moved along
the lathe bed by means of a screw
called the leadscrew. This screw
usually runs the full length of the
lathe bed and is sometimes operated
by a hand wheel. All these elements
are seen in the illustration, Fig. 41.

Fig. 42: Simple wheel train

intermediate
“ wheel

leadscrew
wheel
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Lathe leadscrews normally have
pitches or leads of § in., % in. and % in.
that is 2, 4 and 8 threads to the inch
resepctively, but it is the latter that
is supplied with majority of light
lathes most likely to be encountered
by the newcomer. Whilst the main
purpose of the leadscrew is to move
the slide rest along the work, a little
thought will show that, if instead of
turning it by hand, we couple the man-
drel to the leadscrew by means of
gearing, then the progress of the slide
rest along the bed of the lathe, apart
from being automatic, will be directly
proportional to the pitch of the screw
and the ratio of the gearing. If we
consider this in relation to a leadscrew
of % in. pitch or 8 t.pi. it will be clear
that by gearing the mandrel to the
screw in the ratio 1 : 1 the saddle will
move along the work for a distance of
% in. for each revolution of the mandrel
and will produce a thread 8 turns to
the inch on any work mounted on the
mandrel. Similarly an alteration to
the ratio of the gearing will produce a
corresponding alteration in the pitch
of the thread produced.

For example, an alteration to the
gearing in the ratio 1 : 3 will produce
a thread of 24 turns to the inch. In
order to effect the coupling we are
considering, lathes are provided with
sets of gears designed to be mounted
on the end of the mandrel and lead-
screws respectively. An additional
gear, mounted on an adjustable stud
fixed to a bracket called the change
wheel bracket, is placed between the
mandrel and leadscrew gears so that
they may all drive together. The use
of this additional gear has no effect on
the ratio of the two other gears.

For the most part lathes are pro-
vided with tables showing the change
wheel combination for any given
thread pitch; there would therefore
seem to be little need to work out these
wheel trains. Nevertheless, it may

FOR THE SCHOOLS
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sometimes happen that a thread is re-
quired having a pitch not covered by
the tables, so a knowledge of the
method used to calculate gear trains
may be useful.

Suppose then that we wish to cut a
thread of 26 t.p.i. on a piece of work.
The ratio of the change wheels will
be as 8 : 26 or as 80 : 260 when the
leadscrew has 8 threads to the inch.
Divide the last two figures by 4 giving
two wheels of 20 teeth and 65 teeth
respectively; the first wheel to be
mounted on the end of the mandrel and
the second on the leadscrew. Such a
train of gears is known as a simple
train and is seen in the illustration,
Fig. 42.

A full set of change wheels com-
mences with a 20 tooth wheel and the
number of teeth in the wheels increases
by increments of five to a total of 100.
In addition there are sometimes in-
cluded some special wheels such as a
38 tooth wheel. With such a range of
wheels a large number of pitches can
be dealt with using a simple train, The
majority of light lathes, however, are

Fig. 43: Compound wheel train

mandrel

ctud
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wheel

leadscrew *
wheel *
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only supplied with wheels from 20 to
65. It follows then that a number of
pitches can only be cut using what is
known as a compound train.

The compound train

This train consists of four wheels,
the first mounted on the mandrel, two
coupled together on a stud attached to
the change wheel bracket, and the
fourth secured to the leadscrew as seen
in Fig. 43. As an example of a thread
pitch needing a compound train to
satisfy it, let us suppose that a screw
of 25 t.p.d. is to be cut. The ratio of
this pitch to our leadscrew of 8 t.p..
is as 8 : 25. If we had the wheels this
ratio could be satisfied by a simple
train; but there will certainly be no
wheel having only 8 teeth though one
having 25 teeth would be in the range
supplied.

In order, then, to find a wheel
train that would suit we could try
multiplying both halves of the 8 : 25
ratio by five. This would give us a 40
tooth wheel suitable for the mandrel,
but we should also have to find a 125
tooth wheel for the leadscrew, again
a size not supplied as standard. Re-
course must therefore be had to a com-
pound train, the combination being
arrived at in this way:

8 4 X2
The ratio — is factorised to give
25 5 X5

and then both halves of the fraction

are multiplied by 10. From this we
40 X 20

get: ————— These are the wheels
50 X 50

to be used in the combination, those
on the numerator being the drivers
whilst those on the denominator are
driven. They are arranged in the
following order: the 4o tooth wheel
is attached to the mandrel, the 20 and
50 tooth wheel are coupled together on
the stud and the second 50 tooth wheel
secured to the leadscrew. The mandrel
gear (40 teeth) drives the stud gear (50
teeth), and its coupled gear (20 teeth)
drives the leadscrew gear (50 teeth).

If, as is most likely, there is only
one 50 tooth wheel in the set the first
pair of wheels in the train may be
reduced to 20 and 25 without upsetting
the gear ratio. The wheel train may
then be written down graphically as
follows:

Mandrel Stud Leadscrew
20 25
20————50

The gear train may be proved in the
following way:
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Threads per inch to be cut =
Driven wheels multiplied together

Driving wheels multiplied together.
X Pitch of leadscrew expressed in t.p.i.

For example:
25 X 50 The driven wheels

_— X 8
20 X 20 The driving wheels
1250
= X 8
400
= 3.125 X 8§ = 25 t.pi.

It is always advisable to make this
check to avoid spoilt work resulting
from an error in calculation.

The Hendey Norton change gearbox

It will be appreciated that setting
up a train of wheels for screwcutting
is not a rapid operation. For this
reason most modern lathe manufac-
turers can supply a gearbox that en-
ables the gear ratio to be changed in a
fraction of the time taken to set up
wheels on the change wheel bracket
and make sure that they are meshing
correctly.

The system employed, and illustrated
in Fig. 44, was invented by a Mr
Norton in America about the year
18¢92. The arrangement consists
essentially of a box bolted to the head-
stock end of the lathe bed casting, fur-
nished with the necessary bearings to
support the drive shaft A and an ex-
tension to the leadscrew to which a
cet of cone gearing B is keyed. The
drive shaft has a sliding gear C
attached to it and this gear may be
moved along the shaft and brought
into engagement with any one of the
gears attached to the leadscrew.

The sliding gear is carried along
the drive shaft by means of a forked
member D having at its outer end a
handle and a spring detent to lock the
gear in the correct relation to the cone
gearing.

The drive shaft is provided with a
gear at its outer end so that it may be
driven from the mandrel through gear-
ing similar to that found on screw-
cutting lathes having no Norton box.

By varying this gearing, sometimes
known as  pick-off > gearing, it is pos-
sible to extend materially the range of
the Norton gearbox. The extent of
pick-off gearing required is usually re-
duced by incorporating in the Norton
box two or three gear trains affecting
the drive shaft A; these may be
selected at will by operating levers on
the top of the gearbox itself.

-MANDREL GEAR

Fig. 44: The Norton gearbox

The tumbler gear

Most leadscrews have left-hand
threads, that is to say if they are
turned clockwise the saddle will travel
along the lathe bed from right to left
and produce a right-hand thread on
the work. But in order to do so when
driven from the mandrel it will be

extra el

wheel

Fig. 45: Simple wheel train with
reversing wheel

necessary to impose one further gear
in the change wheel trains as illustrated
in Fig. 45. This will ensure that the
leadscrew turns in the opposite direc-
tion to the mandrel.

In practice this gear interposition
is performed by what is known as a

Fzg 46: The tumbler gear
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tumbler gear, shown in Fig. 46. Here
it will be seen that the device, very
old and exceedingly simple, consists
in essence of a swinging frame carry-
ing a pair of wheels that are in mesh
with one another. These two wheels
are sometimes of the same size, some-
times of unequal sizes, but in either
case these two wheels are arranged on
the frame so that either may be brought
into mesh with a gearwheel perman-
ently mounted on the lathe mandrel
itself, a lever forming part of the frame
being used for the purpose. One of
these tumbler gears is also permanently
in mesh with a gear set on the centre
of the swinging frame. This gear has
the same number of teeth as the wheel

Fig. 47. The

tumbler gear
frame with its
detent handle

may be seen
marked 1, the
two tumbler pin-
ions 2, the man-
drel gear 3,
whilst the stud
gear lies behind
the small change
wheel marked 4.
The remaining
gears seen in the
illustration form
a compound
train suitable for

fixed to the mandrel. In this way three a fine feed.
positions of the tumbler gear are avail-
able, namely one for right-hand
threads, a neutral position, and one
for left-hand threads.
The tumbler gear system fitted to

the Myford ML7 lathe is illustrated in Fig. 47

(Continued from
page 269)

Gear Cutting and Indexing

shape of the resulting tooth by means of a small hand
mirror. My samples, illustrated in Fig, 28, bottom left
and right, have a tooth tip #% in. wide at the outside, and
tapering to just under 1/64 in. at the inner end. Of course
if you have given your tool an end radius much in excess
of 0.059 in., you may find that the inner ends of your teeth
have come to a sharp knife-edge. Accordingly, you can first
set to cut to a depth of say, 0.040 in., form two spaces and
examine the tooth, then gradually increase the depth, until
the tops of the teeth approximate to the sizes given. You
will find that the gears run well together, and for light
power work, where rotating speeds are never high, bevels
made by the ““working in the field ” method will give you
every satisfaction.

VERTICAL
SLIDE

Left, Fig. 26.  Above, Fig. 27. Below, Fig.
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The author during the
first World War.

ALTHOUGH I now qualify for the OAP
and have retired from active employ-
ment, I often look back to the days
when, as a youngster, I had to be con-
tent with very meagre equipment, and
an old file, a hammer, and sundry
pieces of material I found on the scrap
heap.

Model aircraft of the paper and
string type with rubber bands for pro-
pulsion were all I could manage in
those far-off days. Farnborough air-
craft sheds were only three miles away,
and Mr S. F. Cody and his box kites
were near, too, and many a Saturday
had me walking there to see the latest
flying machines. The 1914 war came,
and I joined the Royal Navy and later
the Rovyal Naval Air Service and this
helped me to acquire plenty of know-
ledge in what was to be my trade and
calling in later lifc.

Who, with any mechanical leaning,
could resist the lure of the Big Guns
or the internals of the Clerget Rotary
Engine. My job in the RN.A.S was
the machine guns and the Con-
stantinesco Fire Control and Inter-
ruptor Gear that enabled the gun to
fire to miss the propeller.

On my return home, I gave serious
thought to a workshop in which I could
do those things that were near my
heart, making something that I could
look upon as being my very own
creation. I had bought myself a 33 h.p.
Mohawk motor-cycle which gave me
some incentive to do repairs, and at the
same time I purchased a Relmac lathe.

I had already acquired an assortment
of hand tools, the lathe was treadle-
driven and gave me a lesson in tool
grinding : it was very hard work if the
tools were not ground properly. About
1926, a .series of books was published
by Percival Marshall entitled ¢ Wonder-
ful Models’ and when bound became
a sort of dictionary in two volumes,
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MY HOME
WORKSHOP

by Jack Davies

carried on the smokebox door.

1 disposed of the old but faithful
Relmac before the war and in its place
purchased a set of Winfield lathe cast-
ings advertised in Model Engineer at
£3 16s.; 3 in. centre height and 20 in.
between centres. Some modifications
were carried out on building the lathe,
which by the way, was partly machined
as purchased; the alterations being a
proper saddle and apron with double
clasp nut for the lead screw, and rack
and pinion hand traversing. This lathe
was also treadly driven, the drive being
made up from a heavy lorry flywheel,
an Austin 7 half axle case as the stand,
with loose chain drive over two mag-

Among other folding plates there
was one on the building of a model
traction engine to 1% in. scale; this
model became what I proudly call my
first real entry into the hobby. I did
not know at the time how long it
would take to complete, but it is the
pride and joy of my collection and as
my younger daughier was my company
when working on it, it bears her initials
and birth date as the number plate,
together with her pet name Bunty

neto sprockets, one fixed and the other
revolving. It was fascinating to watch
the driving chain running around the
sprockets.

During the war, my hours of work-
ing were very irregular and as I
needed some form of transport other
than a push-bike, I cast around to see
what was available. Most transport
had been commandeered, but a friend
in the works gave me the main parts

Continued on page 283
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Jeynes’ Corner

A commentary on current topics

E. H. feynes on Return Cranks

THE RECENT remarks on the return crank by K. N. Harris
cannot be improved upon. The position of this crank must
be exact, both in the model and in full-size. This applies
especially to Walschaerts gear.

Apart from this, some of the models so fitted have
proportions which entirely spoil the scale effect; even to the
point of making the valve gear look clumsy. The gear
would certainly foul the edge of a scale platform.

In his article “The problem of the Return Crank” the
late J. N. Maskelyne (Model Engineer, 19 May, 1960),
stresses this point, saying that most of the offenders when
questioned on why they exaggerated the details, say that
they wanted the gear to be strong and long lasting; there-
fore it was necessary to depart from scale sizes in order to
gain robustness. This he dismissed as a fallacy, pointing out
that given reasonably good workmanship and fitting, the
stresses to be withstood by a miniature valve gear are less in
proportion than in the prototype gear; therefore, there is
no necessity for miniature valve gear to be exaggerated in
any way. Mr Maskelyne gave four dimensioned sketches
of types in common use in full-size practice, pointing out
that in miniature, scale reductions of these dimensions
should be ample,

The finest workmanship should be put into fitting the
crankpin into the wheel boss, so much so that Mr Harris
advocates boring the holes in the wheel boss in preference
to drilling. It will be recognised that there is great torsional
force exerted on a crankpin carrying not only the coupling
rod, and big-end of connecting rod, but also the return
crank at the extremity; the crankpin has also to withstand
the shearing effect of the connecting rod applied in two
directions continuously, also the hammer-like blows from
slack bearings in both connecting and coupling rods.

There are also other severe strains imposed when engines
negotiate tight curves which possibly have never been con-
sidered. Examination of wheel bosses on an engine which
has been subjected to this treatment show some peculiar
effects of wear, which have to be seen to be believed. I have
seen many loose crankpins on locomotives which have too
long a fixed wheel-base for the tight curves they have been
worked on.

Mr Harris goes well into the mechanics and mathematics
of the return crank, which should be a great help to those
laying out Walschaerts valve gear,

It is of interest that the return crank was in use many
years before Walschaerts invented his valve gear, being fitted
in the same position on the end of the crankpin, but for a
different purpose. The early locomotives built by Stephen-
son were fitted with two cylinders fitted fore and aft so to
speak, these cylinders were sunk in the top of the boiler
each in line with the axle it had to drive. Each cylinder
was connected to its appropriate axle by two connecting rods
working vertically, thus requiring the cranks on each axle
to be set in unison, providing as it were two separate single
cylinder engines. To render the combination of these two
engines self-starting, it was necessary to phase the crankpins
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of the front axle and the crankpins of the rear axle at
90 deg.

In the first engine, Blucher, Stephenson used spur gears
to effect this, later he tried chains and sprockets, finally
adopting side rods and return cranks. The coupling rods
were very slender, but were not really intended for coupled
adhesion, but simply to give the required 90 deg. to enable
the engine to be self-starting; these rods must have been
under severe strain if one pair of wheels failed to grip the
rails.

Stephenson fitted the return crank of the front axle on the
right-hand side, and the return crank for the rear axle on
the left.

Of course, this problem of phasing the cranks of separate
axles had not occurred on locomotives built before Stephen-
son’s, as Trevithick’s had only a single cylinder, while
Blenkinsop’s two cylinders both drove the same countershaft
which drove the large gear wheel which in turn mated with
the rack rail; Hedley’s Puffing Billy also had two cylinders
driving a countershaft, thence to driving axles by spur gears.

The return crank which is the subject of my photograph
is on Stephenson’s locomotive Billy (not to be confused
with Puffing Billy) which was completed in 1826 for Lord
Ravensworth.

This locomotive was presented to Newcastle upon Tyne
Corporation by Sir Charles Mark Palmer (one of the part-
ners of John Bowes and Partners who succeeded to the coal
empire of the Grand Allies) on the occasion of Stephenson’s
centenary, and stood on a plinth near the High Level Bridge
for many years. Later, it was removed to the Central
Station, where it stood on a platform. Finally, it was re-
moved to the Museum of Science and Engineering of the
Newecastle Corporation, where is now stands on some of the
original Stockton and Darlington malleable-iron rails com-
plete with their chairs, and square stone blocks; a silent
monument to the method of trial and error.

Top: This picture
shows the resuli of
wear on the wheel-
bosses

Bottom: Showing one
of the return cranks
on Billy, an engine
built in 1826 to the
order of Lord
Ravensworth.
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The Editor welcomes letters for these columns. He will
give a Book Voucher for thirty shillings for the letter which,
in his opinion, is the most interesting published in each issue.
Pictures, especially of models, are also welcomed.

Articles in ME

Sir,—I agree with K. N. Harris when he says that the
“asumption that the more elaborate models described in
ME can only be made by retired folk or people with lots
of leisure,” is correct, though I doubt that it is quite what
Mr Storey meant.

It is probably true that 75 per cent of the models shown
at exhibitions are built by people who have to earn their
livings, in the first place there are more of them, and in the
second place there are many retired folk, myself included,
who have lots of leisure and a fair amount of know-how,
but who cannot afford to make models in that class.

I agree, too, that the progress and development of model
engineering has been largely through the influence of ME,
but is that not due to the sort of articles that Mr Storey
writes?

In my opinion, “a constant raising of sights” by ME
will produce a magazine that will frighten the young tyro
away from the hobby for good. I would give more space to
instructions for building models that are within the scope
of time and cost to scholars.

Bearing in mind that there are only half the number of
issues now for each term, they need more space per issue to
cover the same amount of instruction. Don’t let them down;
the future of ME depends on them.
Alford,

Lincs.

P. R. BarrLow.

Locomeotive design

S1r,—In a recent article, K. N, Harris stated that Church-
ward did not use exhaust clearance in his cylinder and
valve gear design.

It is true that drawings show line-and-line” setting,
but the railways were always careful not to give away their
secrets, and drawings were not always accurate; a good
example being the G.A. of the Kings, which shows not
back-set on the swinging link, but front-set!

I am not at present able to examine a full-size locomotive,
which is, after all, the final authority, but I have always
understood that exhaust clearance was used. Experimental
work in small gauge has proved the advantage of this to
get maximum power and acceleration. There is also direct
evidence of my point in the question asked of LBSC by
C. B. Collet—* How much inside clearance has she got?”—
referring to one of his engines.

One must remember that mere thermal efficiency is at best
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a secondary consideration in any locomotive. The most
important points are that she will steam, pull and go. Re-
liability and easy maintenance come next. If all this can
be combined with efficiency, so much the better.

An engine which was 100 per cent efficient would be no
use to any railway unless it could also do a useful job of
work without heavy maintenance costs.
Harefield. K. E. WiLson.

Readers may be interested to know that in * Steam
Locomotive Design, Data and Formulae,” by E. A. Phillip-
son, it is stated that on the GWR Castle class engines, the
valve details were as follows:

Piston valves 8 in. dia. Steam lap 1% in. Exhaust lap NIL.
It is also stated that these dimensions were obtained by
measurement of AN ACTUAL ENGINE.

Phillipson, one of our best authorities on the subject,
says “ Exhaust clearance (in wvalves) has inherent dis-
advantages and careful consideration should be given before
adopting it. With exhaust clearance, the toe of the indicator
diagram tends to degenerate into a heel, and if carried to
excess may lead to appreciable loss of power.

With link motions, the early release becomes premature.
Again, when the valve is in its central position, both ports
are open to exhaust and inter-communication takes place.
Should the exhaust clearance be large, the exhaust from one
end of the cylinder baffles that from the other, and the
exhaust line of the indicator diagram will show a rise or
hump.

However, in cases where insufficient steam lap is pro-
vided, or where the lead is excessive, a small exhaust clear-
ance, not exceeding s in., may be beneficial in reducing the
risk of bearings running hot in the event of an engine with
link motion being excessively notched wup,; the resultant
premature point of compression is then delayed by the
exhaust clearance.”—EDITOR,

Blastpipe location

SIR,—With reference to D. E. Lawrence’s letter, February
4, and Mr R. Bacharach’s letter, January 7, I have managed
to dig out of my large collection of old photographs taken
during the building of the Central Pacific Railroad in the
1860’s this picture of CPRR No 1, Governor Stanford,
taken in 1864, built by Danforth Cooke in 1863.

All these early Central Pacific engines were wood burners,
and the balloon stack shown would have an inner chimney
with a fine mesh net covering the top of the stack. The
wood ash accumulated around the sides of the coned stack,
to be let out through a pipe (not seen in photograph) on the
right-hand side of the stack.

Aldeburgh, Suffolk. MauriCE W. GRIFFITHS.
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Steam cars

Sir,—Your contributor LBSC is a truly wonderful writer
and his recent outburst on steam cars confirms this. It
rather reminds me of the man who “ proved” to his em-
ployee by summing up holidays, Saturdays, Sundays, time
spent in bed, and so on, that the man only worked about
ten days in the year. I think most of us have heard before
the old worn out statement that “if only the amount of
money, etc.—we should now be using steam cars instead
of i.c. engined vehicles.”

The fact is that the steam car was beaten fairly by its
much more reliable and efficient competitor. By burning
the fuel in the cylinder, the boiler and all its attendant
accessories (and troubles) were eliminated. Please do not
assume from the above that I am not a steam car enthusiast.
During recent years I have driven more miles than most
people in both ancient and modern steam vehicles in Britain
and the U.S.A. I will not take up too much of your valu-
able space by trying to reply to all LBSC’s erroneous claims,
but let me assure him that his 2 in. X 3 in., bore engine
with a steam presure of 180 lb. would develop about one
dog power in a road vehicle. I have often enjoyed the thrill
of standing at traffic lights with my 1911 10 h.p. Stanley,
alongside Bentleys, Jaguars, etc., waiting for the moment
when I could slam open the throttle and leave them all
behind, but such excitement was only short-lived for, alas,
within 300 yards my wonderful 500 lb. of steam pressure
had dropped to 100 and the Stanley was left a long way
behind trying to make up for its tremendous burst of en-
thusiasm. The water-tube boilers LBSC mentions are useless
for road work since the continuous surge of the small
amount of water causes priming and other troubles. When
LBSC writes about the power of his little locomotives he
must remember that a vehicle running on level steel rails
has very little friction to overcome, but on the road with
rubber tyres conditions are quite different.

Recently, in the U.S.A., I had a run in one of the very
latest American steam cars, the performance of which left
much to be desired, the roaring of the burner plus the stench
and the heat was such that long runs were quite out of the
question. Some day, perhaps, the steam car may be a pro-
position, but it will have to be a very wonderful machine
to even equal the modern, cheap motorcar in performance,
convenience and reliability.
Wells,

Somerset.

LEONARD TAYLOR.

Sir,—As the owner of the nucleus of a steam car— a light
steam chassis—I was naturally interested in LBSC’s article
and his attractive 1914 design, but I think that his general
comments and summing up leave out some important con-
siderations such as relative capital cost, fuel economy and
the problem of adequate heat dissipation with an air-cooled
condenser. Automatic controls are only touched on and the
problem of maintaining heating surfaces free from excessive
sooting and scaling while in regular use are not mentioned.

The charm of steam to which he refers is really that of
the orthodox double-acting engine (with packings, to be
accessible) supplied by a boiler at moderate pressure, having
reserve capacity and adequate water and mud spaces—like
his 1914 design—for which the penalties of size, weight and
long thermal efficiency must be accepted. This would be my
choice, even accepting what some would regard as the in-
convenience of solid fuel firing for the sake of economy,
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silence and simplicity, resulting in a satisfying steam vehicle
but hardly a steam car in the accepted sense,

The other alternative, which he infers but does not elabor-
ate on, is a compact high efficiency design, using a higher
speed single-acting engine working at high pressure and
controlled superheat with a monotube or similar steam gen-
erator of negligible capacity and with limited spaces, de-
pending for satisfactory operation on clean, soft water and
quite elaborate automatic controls to achieve reasonably
constant steam pressure and temperature under the varying
power demand of any road vehicle. In the petro! engine
this is achieved (within the limits he mentions) by no more
than a throttle and carburettor needle valve, while no
mention is made of automatic gear boxes or of that much
closer approach to the characteristics of steam—the very
simple infinitely variable drive of the DAF of which I have
20,000 miles experience.

On the subject of transmission it should not be forgotten
that Clarkson, who did as much for steam as anyone, used
a clutch and three-speed box on his goods vehicles to
achieve economy.

Finally, he does not mention cylinder condensation,
familiar to ME readers, but not to the average motorist, nor
the much more important difficulty with a condensing
engine of removing oil from the condensate. The only real
advantage left to this type of steam car in the contemporary
world is slow engine speed due to high torque and the re-
sulting long life, also due to the exclusion of products of
combustion from the cylinder. This is more than offset by
high initial cost, greater dependence on automatic controls
and greater space needed for the steam generator and its
lagging and for the water tank.

The comparison is very different in the case of the steam
boat, yet there are few even of these,

Sutton Coldfield. J. R. HARDING.

Gnome Monosoupape engine

Sir,—I read with considerable pleasure Edgar T. Westbury’s
article on the scale working model of the Gnome engine built
by Frank Boler (January 7). The account instantly took me
back over the years to 1919 when, as a very young student
apprentice at the R.A.E. Farnborough, I served a period of
training in the aero-engine erecting and fitting shop. Here
I worked at the bench under the guidance of George Pimm,
a skilled aero-engine mechanic from Silvertown, London.
This was the period when a large number of “ Liberty”
engines were passing through the shop for maintenance. But
I well remember that during a lull in the supply of engines
for overhaul, Pimm was given the job of reconditioning
three or four of the seven-cylinder radial Gnome engines.
Needless to say, “ monosoupape” was soon added to my
limited French vocabulary! The arrival of these unusual
engines was a welcome change from the orthodox eight-
cylinder engines we had been handling for some time.

Of the origin of the “ Gnomes” I have no recollection,
but undoubtedly they had seen service on the Western
Front. Our job was to give the engines a thorough overhaul
—but with a difference! Pimm’s instructions were simply
to carve out portions of the cylinders and crankcases for
demonstration purposes. We had no drawings and no in-
struction book to guide us. My instructor was given an
entirely free hand. Care had to be taken to ensure that no
vital internal part cculd drop out. The cylinders still had
to be free to rotate about the fixed crankshaft. Needless to
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say, it was a job that would have put any apprentice in
excellent spirits.

The drawing on page 11 of ME is a fair representation
of the Gnome as I remember it, and likewise the photo-
graphs of the models. Of the subsequent history of thece
particular engines I have no knowledge, although at the time
it was said one was to be used for exhibition purposes.
Teignmouth. ERNEST A. STEEL.

Platelayers’ trolley

SirR,—I would be grateful if any of your readers could give
any information, especially the date of manufacture, of the
old three-wheel platelayers’ trolley seen in my picture. It
used to work on the old Great Western line from Leominster
to Kington.

Letchworth. M. ROPER.

Aid for the handicapped

SirR,—On reading a recent copy of Model Engineer, it
occurred to me that the following might interest some of
your readers and perhaps some of the Clubs.

We at this school have a small group of boys taking part
in Social Services as a voluntary occupation, and in the
school workshops we have offered to undertake the con-
struction of small articles in woodwork and metalwork
which are badly needed for use by handicapped people. They
are quite simple aids which are needed by the County
Organisers for the Handicapped, but unfortunately are not
easily obtained as they are too simple and in too small a
quantity to show any profit for a manufacturer. I am quite
certain that there will be model making members who would
be willing to give some of their time to making these aids, as
any model maker would have the facilities and ability.

We were given another instance recently where a small
workshop can help the disabled. We were asked if we could
help to repair a calliper type of artificial leg which had
broken and needed welding. The parents had to wait six
months for a new calliper and the present broken one was
needed urgently for the child to sit an examination. On
closer investigation the problem was not only that the cal-
liper was in need of welding, but it was also too short as the
child had grown and was therefore dropping his weight on
to this leg. It was a simple operation to repair it and adjust
its length, as provision had been made for lengthening. Two
hours work saved the child and his parents a lot of waiting.

Any clubs interested should contact their County
Association for the Welfare of the Handicapped who are
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always willing to pay a small price for the aids made which
will cover cost of materials,
Merchant Taylors’ School,
Sandy Lodge, Northwood,
Middx.

G. L. BeacH.

Stanford University

Sir,~In answer to D, E. Lawrence of Dorchester, Postbag,
February 4, Stanford University was built by Senator
LelLand Stanford, President of the CPRR, and his wife,
Jane Lathrop Stanford, and endowed with their entire for-
tune, as a memorial to their only son, who died young. I
am in a position to assure Mr Lawrence that this inform-
ation is correct, as my father’s eldest brother, the (late} Rev.
D. Charles Gardner, D.D., was Professor of Theology at
Stanford, and Chaplain to the University, from the time
of its opening at the turn of the century, until his retire-
ment in the late 1930’s.

My uncle emigrated to the U.S.A. in the 90’s, studied
theology there, and was ordained a Minister of the
American Episcopalian Church. His work amongst the
poor, when he was a curate in San Francisco, California,
greatly impressed Senator Stanford who was at that time
planning the University; and as a result he offered my uncle
the appointment as Professor of Theology and Chaplain to
the College.

Mr Lawrence probably knows that Stanford University
is situated at Palo Alto—Spanish for “ Tall Tree ”—about
30 miles from San Francisco, in most beautiful surroundings.
The campus is very extensive, occupying the whole of what
was at one time a 9,000 acre ranch. The scientific and tech-
nical departments of Stanford University include the Ryan
High-Voltage Laboratory and the Guggenheim Aviation
Laboratory, and a point of interest to mechanical engineers
is that Professor S. Timoshenko, whose “ Vibration Problems
in Engineering” is so well known, was for a number of
years head of the Faculty of Engineering at Stanford
University.

Birmingham, NORMAN GARDNER.

Model paddle steamers

Sir,—I was delighted to see the picture of Mr Robson’s
paddle steamers. Your readers may like to see this picture of
my model of the Medway Queen to % in. scale, which is
powered by Mr Westbury’s diagonal engines. It is a full-
time job sailing a paddle steamer, and difficult to obtain
a good action shot.

Wood Green. . R. C. JACKSON.
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Paddle steamers

Sir,—May I take this opportunity of answering the question
of Brian Hillsdon regarding paddle steamers operating in
U.S.A.

My comment in the last paragraph of the article on the
Robert Fulton’s engine was in reference to beam engines
only. Fortunately, several paddle steamers still exist in the
U.S. today.

The Alexander Hamilton is still in operation, although
at the end of each season we wonder if it will be her last.
Patronage on the river had fallen off badly, but showed
some indication of picking up after an advertising cam-
paign. At any rate she is supposed to operate next year, Her
route is up the Hudson river from New York, stopping at
Bear Mountain and West Point, then sailing to Poughkeepsie
(72 miles from New York) turning without landing and then
back to West Point, Bear Mountain and New York. Ten
years ago when I was with the Dayline we made a total of 13
landings on this run per round trip. This gives some idea
of how traffic has fallen off on the river.

I am happy to say that the Lansdowne of 1885 is still
very much alive on the Detroit river, running between
Windsor and Detroit in Railway ferry service. She now
carries freight cars only, although years ago she handled
all. Her consort on this run is the Huron, a twin-screw
steamer with non-condensing engines. Huron was built in
1875 and is probably the oldest steamer in commission in
North America. She operates from about April to Sep-
tember with Lansdowne operating in the winter months
because of her good ice-breaking ability. Lansdowne has
wooden radial wheels with iron sheeting on the wood. She
has two horizontal cylinders 48 in. X 108 in. with poppet
valves, operating each wheel independently. The engines
were built in 1872.

Among some of the other paddle steamers operating we
have the following:

Belle of Louisville. A stern wheel day excursion steamer
based in Louisville, Kentucky. Two 16 in. X 6% in. non-
condensing horizontal cylinders. Built 1911. Poppet valves.
Delta Queen. A Mississippi River cruise steamer Built
1927. Cross compound engines, stern wheel, poppet valves.
Admiral, President. Day excursion steamers, Admiral based
in Cincinatti, President at New Orleans. Both were rebuilt
from packet steamers, the Admiral being streamlined and air
conditioned. They are sidewheel steamers with independent
inclined tandem compound: engines, poppet valves on the
L.P’s. President and Delta Queen share the honour of
carrying steam calliopes.

Suwanee. A small Mississippi type stern wheeler operating
on a lagoon at the Ford Museum, Dearborn, Michigan. She
has two slide valve non-condensing horizontal cylinders, and
is a replica of a southern steamer once ridden by Thomas
Edison.

Mark Twain. A § full-size replica of a Western river pas-
senger packet, operating in Disneyland Park, California.
Although she is steered by an underwater guide rail she is
propelled by two simple non-condensing engines.

Lone Star. Believed to be the last of the stern wheel tow-
boats. Operates somewhere on the Upper Mississippi river.
Edwin N. Bisso, Leo B. Bisso. Automobile ferries oper-
ating across the river at New Orleans. These vessels are
catamaran-hulled with a stern wheel mounted between the
hulls. They have poppet valve, non-condensing engines.
The third ship of the line, Thomas Pickles, simply vanished
during the September hurricane and has not yet been found.
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A number of paddle steamers are preserved at various
towns along the western rivers including the Sprague, the
largest stern wheeler ever built. Her wheel is 38 ft dia. X
40 ft wide. In 1907 she pushed a coal tow consisting of
60 boats and containing 67,307 ton of coal. The barges
covered an area of 64 acres!

One of the most prominent features of paddle steamers
on the Western rivers was the mellow chime whistles which
were fitted. These usually consisted of three separate
whistles tuned to produce a very pleasing sound.

Long Island, N.Y. CONRAD MILSTER.

Old stern-wheelers

Sir,—It was with great interest that I saw your sketch of
the old Arrow Lakes stern-wheeler. I spent some years on
the Arrow Lakes at Edgewood in the 30s’ and she was our
contact with the outside world.

I am almost certain she is the CPR Minto. There were
two steamers on the Lakes, the Minfo and the Donnington,
the later and more modern one was laid up. I never saw
her, but I believe she had a permanent wooden awning over
the upper deck, which made her look as if she had another
deck.

The Minto made two round trips a week on the L.akes
(there are two lakes by the way, the Upper and Lower Arrow
Lakes, separated by the Narrows, just north of a village
called The Needles, where there was a ferry across the
narrows which took the road from Edgewood up to Nakusp
and then down the Slocan to Nelson). She took one day
from Nakusp, where she overnighted, the next day she made
the round trip from Nakusp to Arrowhead and back, and
the third day went south again to Nelson.

On second thoughts, looking at the sketch again, I
wonder if she isn’t the Donnington, as the Minto
had the saloon forward and it appears to be aft on the
sketch. Also the Minto had a cargo deck at least 30 ft long,
and the forward bulkhead was a square across the ship.

Just aft of the forward bulkhead which had doors, port
and starboard was another cargo space, aft of this was a
shallow well with the boilers. These were locomotive type
with the firedoors forward. Aft of these was more cargo
space. On both sides were crew quarters. The mess room
ran athwartship right aft, with the galley on the port side.
I ate with the crew on my trip from Arrowhead to Edge-
wood and the noise from the whee! was terrific.

The cylinders were just ahead of the mess room and the
motion quite open, only a rail on the inboard side.

The draught was, I believe, 3 ft loaded. I was told she
had three rudders, and as far as I can remember they were
well forward, about under the wheelhouse.

The landing on the lakes, while level at the top where a
freight shed stood, ran down into the water at an angle
between 20 to 30 deg. This was because the water level
varied as much as 26 ft between summer and winter, being
low in winter and highest in July when the melting of the
snow reached its peak. The lakes which are about 160 miles
long and from % to 3 miles wide are really just a widening of
the Columbia river.

Is it possible that the CPR could supply more information
about the Minto? She must have put up a stupendous
mileage. I believe she passed the half-million mark while I
was there.

Ashford, Middx. . OWEN SCOTT.
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My Home Workshop

Continued from page 277

of a 150 o.h.v. New Imperial. This
was not much to go on, but it had
me thinking: no number plates, no
log book. Finally, I decided to try
and complete the machine. It would
take too long to detail this job, but for
those interested, full details were given
in Motor Cycle, 6 May, 1943, with
some pictures of my workshop,

After the war, I still had the Winfield
lathe with treadle, so a start was made
on LBSC’s Bantam Cock. All holes
were drilled by hand or in the lathe as
I had no drilling machine; I had a
hand-driven grinder for sharpening
tools, but in exchange for a gauge 1
spirit-fired locomotive, I acquired a 2
h.p. BTH electric motor and a small
bench drill with a flywheel, un-
affectionately known as a drill breaker !

The BTH motor was rated for in-
termittent use, so I wrote to the makers
for advice as I wanted to run the
motor for lengthy periods. They kindly
suggested I drill six % in. holes in the
end cover, which I did; the motor now
drives my ML7 lathe and has done so
ever since I carried out the suggested
modification.

When the design for the ME high-
speed drilling machine appeared, 1
bought a set of castings. I consider
this one of my best investments as it
1s ‘just the job’ and easy to make up;
I certainly would not like to be with-
out it now. About six years ago a
friend in North Devon sold me a
double-ended grinder and this with the
lathe and drilling machine constitute
all the power-driven tools I have today.

To sum up: what tools are really
required to enable a beginner to enter
this most interesting hobby? And to
make a genuine live-steamer that will
give such pleasure for years on end?
My workshop equipment has evolved
through the years by acquisition and
disposal and has gradually settied down
to the minimum requirements.

In the past I have considered other
power tools such as a bench shaper
or milling machine, and although I do
not decry their usefulness, are they
really necessary ? I think not; so do
not be downhearted if you haven’t the
necessary cash for more equipment. I
have achieved the following in my years
of endeavour: One model traction
engine, two 2% in. gauge locomotives,
six 3% in, gauge locomotives, one motor
cycle, one 3 second battery-driven

electric clock. All the locomotives ex-
cept one are coal-fired. And I have on
the bench at this very moment a § in.
gauge American old-timer (I already
have a Virginia) and a 1} in. scale
Manning Wardle locomotive for 33 in.
gauge.

I am not saying this just to show
off, but merely to point out that a
great deal can be accomplished with
meagre equipment. A lathe, drilling
machine and grinder are the essential
power tools, plus the usual assortment
of hand tools, and some heating
apparatus for boiler making.

I will agree that my models would
not win any international prizes, but
they all perform to my entire satis-
faction, and the enjoyment I have had
throughout the years has kept me
young in mind.

They have also helped me in my pro-
fession, as it was my custom to state
that I was a model maker in any
application for a serious post. In one
instance my model engineering activi-
ties were the sole topic of conversation
of a Board of Officers before whom I
was called to appear for promotion. I
was given the post immediately. Just
one more case of the benefits of our
hobby! {m]

Testing a locomotive boiler

In designing a boiler along the above lines, the problem
is to keep the grate area down and the firebex size up.
With narrow fireboxes this is not too difficult and is helped
by sloping the throatplate and using a wide foundation ring.

continued from page 253

°F

In wide fireboxes the problem is more severe and apart from
the above techniques and using a combustion chamber
(which has constructional difficulties), the only solution lies
in the use of thermic syphons.

To be concluded.
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Send news and notices to The CLUBMAN, 13-35 Bridge Street, Hemel Hempstead, Herts.

News from down under

I have just received a copy of the New
Zealand Model Railway Journal, the
official publication of the N.Z. Model
Railway Association. From its “Live
Steam Corner,” I hear that there is a
model engineer’s workshop on one of
the Chatham Islands—500 miles from
New Zealand. Unfortunately, the author
does not say who are the (apparently)
two brothers in this far-away spot. They
have a workshop which boasts three
lathes between 6 in. and 14 in. centre,
the two smaller being treadle operated.
The largest was worked by a beautiful
marine diesel engine.

From the Hutt Valley Model Engin-
eers comes news that Phil Davis’ 1 in.
scale Ka class locomotive is making good
progress. Phil is about to braze the
boiler, and cylinders and motion are
completed. Stan Hicks, the well known
engineer of the tug Tapuhi, is finishing
off a 3% in. gauge Caribou 0-8-0, the
Martin Evans design described in ME
recently. The club’s Speedy is also
nearing completion, in the hands of
Colin Scott. Most members have had
a hand in this job, but Colin has been
responsible for the lion’s share.

There has also been much activity at
the Otago Society. Their already long
track is being extended; the new one

should be the longest and most elaborate
in either Island.

March 18 Rochdale SMEE. ‘‘Railway Topics,’.
F. Coy. Lea Hall, Smith Street, Rochdale. 7.30 p.m

March 18 Greenwich & Dist Ship Model Society.
‘“ Model Sailing Barges,’’ Mr Fisher. Newton Room
Charlton House, SE7. 8 p.m.

March 18 Junior Institution of Engineers. In-
formal meeting: Arthur Boylan. 33, Ovington
Square, SW3. 6.30 p.m.

March 18 North Staffs & Cheshire Traction
Engine Club. Annual dinner and dance. Foden
Motor Works, Recreation Club. Elworth, Sandbach,
Ches. 7.30 p.m.

March 19 Wigan Model Engineering Society.
Meeting. Co-op Guild Room, Thompson Street,
Whilley, Wigan. 7.15 p.m.

March 2] Leicester SME. Ordinary meeting. The
Museum, New Walk, Leicester. 7.30 p.m.

March 22 Chichester & Dist SME. Film evening
(Industrial), Lancastrian County Secondary School
Basin Road, Chichester. 7 p.m.

March 23 Southampton & Dist Society of Model
Engineers. Track discussion. 8 p.m.

March 23 Harrow & Wembley Society of Model
Engineers. Loco section meeting. Heathfield
School, College Road, Harrow. 7.45 p.m.

March 23 Birmingham SME. Meeting at Endwood
Hote!. 7.30 p.m.

March 24 Hull Society of Model Engineers.
Model of the Year Show. Trades & Labour Club,
Beverley Road, Hull. 7.45 p.m.

March 25 Colchester SMEE. Lecture by Don
Cardy. Subject not to hand, but it is hoped that it
will lead to a lively discussion between steam and
diesel protagonists. HQ, Old Allotments, Straight
Road, Lexdon. 7.30 p.m.

March 25 Greenwich & Dist Ship MS, Meeting.
Newton Room, Charlton House, SE7. 8 p.m.
March 25 Brighton & Hove Society of Miniature
Locomotive Engineers. American locomotive
colour slides, by K. E. Wakeford. Elm Grove

School, EIm Grove, Brighton. 8 p.m.

March 25 JIE. ‘ Channel bridge project,”’ J. C.
Maxwell-Cook. 33, Ovington Square, SW3.
6.30 p.m.

’
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Society for Ipswich?

There will be a meeting in the Tudor
room of Oxborrow’s Hotel, St. Peter’s
Street, Ipswich, at 7.30 p.m. on Tuesday,
April 12, when it is hoped to form a
Model Railway Society to cater for those
living in the district. Readers interested
should contact J. Noble at 10 Bent Lane,
Rushmere, Ipswich, Suffolk.

Wirral MLE.S.

From Donald Parr, the recently
appointed secretary of the Wirral Model
Engineering Society, I hear that there
are now good prospects for a permanent
site for their track at Royden Park,
Frankby. The site is an exceptional one,
with a picturesque mere, surrounded by
woodland, and ideal for picnics.

This society is very active, with at
least ten locomotives under construction,
and as many more completed. R. Stone,
who recently received an award for his
Aveling & Porter road roller, is now
building a pair of 13 in. scale ploughing
engines. One is already nearing com-
pletion.

New Club Locomotive at Wigan

The A.G.M. of the Wigan M.E.S. was
held on January 22, with an excellent
attendance. The chairman was able to
report the virtual completion of the §
in. gauge track at Haigh and the acquisi-
tion of a club locomotive. Mr Shepherd
brought along a very fine model Francis
Barnett motor-cycle to % in. scale, built
by Mr Tatlock of Bolton, and explained
details of construction of this unusual
project.

Johannesburg

According to “ Live Steamer,” the club
Christmas party of the Johannesburg
LS.C. was a great success. Neville

CLUB DIARY

Dates must be sent at least
four weeks before the event

M;rlcsh 26 SMEE. Rummage sale, Marshall House.

.15 p.m.

March 26 York City & Dist SME. Competition
for the " Best work of the year.”” British Legion
Club. 7.30 p.m.

March 26 Brighton & Hove Society of Miniature
Locomotive Engineers. Hove Park track day.
Hove Park.

March 27 Harrow & Wemtkley Society of Model
Engineers. Preparing track. BRSA (LMR) Sports
Ground, Headstone Lane, Harrow. 2.30 p.m.

March 28 Clyde Shiplovers’ & Model Makers’
Society. Show of work: models, drawings, photos,
etc. Meetings at the YMCA Club (Coffee Room),
100 Bothwell Street. Members and prospective
members only.

March 31 Harlingten Locomotive Society.
Locomotive night. High Street, Harlington. 7.30

p-m.

April I North London SME. Genera! meeting.
Rummage sale.

April | Greenwich & Dist Ship MS. Talk by Mr
Cragh. Newton Room, Charlton House, SE7.

p.m.

April | Rochdale SMEE. Meecting at Lea Hali,
Smith Street, Rochdale. 7.30 p.m.

April I JIE. ‘ Glass—its manufacture and uses,’’
L. S. Newton. 33, Ovington Square, SW3. 6.30 p.m.

April 2 Southampton & District Society of Model
Engineers. Track open day. 10.30 a.m.

April 3 Southampton & District Society of Model
Engineers. Start passenger season. 2.30 p.m.

April 3 Harrow & Wembley Society of Model
Engineers. Preparing track. BRSA (LMR) Sports
Ground, Headstone Lane, Harrow. 2.30 p.m.

Murray brought his engine Natulie Ann,
Henry Hetyl had his Jubilee, Eric Row-
bottom steamed his Kudu, and Paul
Young his Heilan Lassie. Altogether, 28
were present, enthusiasts of both sexes,
and a good time was had by all. Angus
Walker of Natal has apparently fitted out
his workshop in a way that is the envy
of his friends. So we will expect some
really fine locomotives to emerge before
long!

While on the subject of Africa, I have
heard from a Salisbury, Rhodesia reader
that he ‘has not been getting his ME
regularly the last few issues, and wonders
if he is being hit by sanctions! Well L
can assure this enthusiast that as far
as we at Model Engineer are concerned
—whatever Governments may get up to
—there are no sanctions on model
engineering !

West Midlands Federation

At the meeting of the West Midlands
Federation on February 35, it was decided
to hold the W.M.F. Rally for this year
on Sunday, September 4, on the track of
the Rugby M.E.C. in the Community
Centre, Hillmorton, Rugby. )

The Campbell and Addenbrook Cup
competitions will also be held, and it is
hoped that there will be a good turnout
of models, both finished and unfinished.
Judges will be Mr Burtenshaw of the
Birmingham Science Museum, A. W. G.
Tucker of Stockport and Mr Cox of the
“home” club. There will be facilities
for steaming model traction engines, and
a film and slide show will follow the
meeting.

The A.G.M. of the Federation will be
held at 3 p.m. on Saturday, April 2, at
the G.E.C. Sportsfield, Brindle Avenue,
Coventry. The usual social evening will
follow.

April 3 Birmingham SME. Cup competition
Illshaw Heath. 3 p.m.

April 3 Malden & Dist SME. Tune up day.

April 4 Leicester SME. Discussion on agenda for
AGM. The Museum, New Walk, Leicester. 7.30 p.m.

April 6 Southampton & District Society of Model
Engineers. General meeting. p.m.

April 6 Norwich & Dist SME. Talk: Model loco-
motive boilers, Martin Evans. Assembly House,
Theatre Street, Norwich., 7.30 p.m.

April § Wimbledon MRC. * Slides and recordings,”’
J. Spencer Gitks. Methodist Church Halil, Worple
Road, SWI19. 8p.m.

April 6 Bristol SMEE. * Screwcutting,’”’ talk and
film, D. O’Nions. Unitarian Hall, Lewin’'s Mead,
Bristol I. 7.30 p.m.

April 7 Eltham & District Locomotive Society.
AGM. Beehive Hotel, New Eltham, London, SES.

8 p.m.

Apr‘ial 7 Hull Society of Model Engineers. Annuzl
meeting. Trade & Labour Club, Beverley Road,
Hull. 7.45 p.m.

April 7 Warrington Model Engineering Society.
'f;ilm Ishow by Commercial Producers. Cemetery

otel.

April 9 Brighton & Hove Society of Miniature
Locomotive Engineers. Hove Park track day.
Hove Park.

April 10 Harrow & Wembley Society of Model
Engineers. Track opening meeting. BRSA (LMR)
Sports Ground, Headstone Lane, Harrow. 2.30 p.m.

April 10 Warrington Model Engineering Society.
Track day at Earlestown.

April 10 Malden & Dist SME. Grand Easter opening

day.

Apriyl I1 Malden & Dist SME. Track day.

April Il Brighton & Hove Society of Miniature
Locomotive Engineers. Hove Park track day.
Hove Park. ’

April 12-16 SMEE. Model Railway Club Exhibition.
Central Hall, Westminster.

April 12 Proposed Ipswich Society. Meeting—
Tudor Room, Oxborron’s Hotel, St Peter’s Street,
Ipswich. 7.30 p.m.
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- Classified Advertisements

Private: 3d. per word. Trade:

issue.

8d. per word. Minimum 12
words. Use of Box No. 2s. 0d. extra. Displayed Classified
Advertisements: 40s. per single column inch. (Column width
27 in.). Series discounts: 24 insertions, 10%; 12, 5%. Full
particulars on application. Receipts are only issued for orders
of 20s. or over. Advertisements, with remittance, should be
sent to Classified Department, Model Engineer, 13/35, Bridge
Street, Hemel Hempstead, Herts., at least four weeks before

advertisers.

The Advertisement Manager reserves the right .to refuse or
suspend advertisements without giving any reason. Every care
is 1aken to avoid mistakes, but the publishers cannot be held
liable in any way for clerical and printing errors or omissions.
Receipt of * copy ” for publication implies acceptance of these
conditions by the advertiser. Whilst every care is taken to
exclude advertisements from doubtful sources, no responsi-
bility can be accepted by the publishers for the bona fides of

WORKSHOP EQUIPMENT

Buck & Ryan for Lathes and Workshop Acces-
sories, drilling machines, grinders. electric tools,
surface plates, etc.—101, Tottenham Court Road,
London, W.1. . T/C

Myford, Flexispeed and Selecta lathes available
from stock. Accessories, etc.—G. M, H. Bunce & Co.
Ltp., Model Enginecrs, 206, West Street, Fareham
(4136). T/C

CLERKENWELL SCREWS LTD.
107/9 CLERKENWELL RD., LONDON ECI1.
HOLborn 6504 & 1215.

Welcome your enquiries for Screws, Nuts &
Washers, 0-14 BA in Rolled & Turned, Brass and
Steel, also Rolled Whit. and B.S.F. Rd., Ch. Csk.
Rsk. Csk. & Hex Hd. (Minimum one gross any
one item.) C.0.D. Post Parcels. Sent anywhere.
24-hour service for stock items, good discounts.

Send for Lists T/C

Eagle¥YSurface Grinders, capacity 12”7 x 6" to
18" X 10”.—Victa ENGINEERING CoMmpaNY, Eagle
Works, Blandford Road, Hamworthy, Poole, Dorset,
Tel.: Lytchett Minster 578. "l‘/(,

Seen My Cat ? 1,000’s tools, electrical, mechanical,
material—over 200 assortments. S.A.E.—WHisTON,
Dept. MCE, New Mills, Stockport. GN

For Sale. 3} Drummond lathe, flatbed, Admiralty
pattern, motorised on stand, complete with a heap of
equipment in very good condition, ready for immediate
use, £45.——SHARPE. Phone: Romford 46735 or 401535?{.

PERFECTO

57 and 7”7 Hand and Power Shaping Machines.
31" x 16" B.G.S.C. Centre Lathes. 3" Machine
Vices, 6” x 12” Universal Cutter Grinder.
Stamp for Lists
PERFECTO ENGINEERING CO. LTD.
Claymill Rd., Barkby Rd., Leicester.

Phone: 68384 T/C

Wanted. Clutch unit to suit countershaft (13”
spindle) or motor clutch suitable 1 h.p. drive.-—Below.

For Sale. Allchin drawings £1 10s. 5-pint brazing
blowlamp, flexible pipe to head, £5. Portable forge
with hand blower, £10.—CrLaARKE, 69, Park Estate,
Shavington, Crewe, Cheshire. JK

Sale. Potts Universal milling attachment 7, Craw-
ford collets, 4, arbors unused, cost £26, would exchange
for small plain lathe.—~Boors, 198, Haslingden Old
Road, Rawtenstall, Lancs.

BUNDLES OF GOOD QUALITY
BRIGHT MILD STEEL
IN SHORT LENGTHS FOR EASY
STORAGE
‘A" PARCEL contains one bar 18” long of each
size: 37, %", ¥, &”, ", %" and }* ROUND.
Price 10/~ complete.
“B” PARCEL contains one bar 18” long of each
size: 17, &7, ", 4", #” and §” ROUND. Price 17/-.
“ G PARCEL contains one bar 12” long of each
size: §”, 4", ¥, §*, ¥ and 1” ROUND. Price 21/-,
“D ” PARCEL contains one bar 12” long of each
ii‘fe: %", %, &, 8", 1 and §. SQUARE. Price

‘“E” PARCEL contains one bar 18” long of each
size: 3" X ¥, 3 X §, 8 X 158 x 2% &7 x
37, &” x 17; &” x 1§”. FLAT. Price 15/-.
“F” PARCEL contains one bar each 18" long
FoX 8 X 5 X 1T R ) 2 & X 37
&7 X 17 AT X171 x 1758 x 1§75 x 28,
FLAT. Price 30/-.
“G*” PARCEL contains one bar 12* long each
size: 37 X 17; 7 X 1I”; 3 x 1"; 8 %X 1"; ¥ x
1”; 3" x 1”. FLAT. Price 24/-.
“H*» PARCEL contains one bar each 18" long
eachsize: &7 x 17;3/32" X 1”;§" x 1"; §" x I";
}” x 17; §” x 1”. FLAT. Price 17/-.
Special Offer: For any Three Parcels or more
a Discount of 7/- off the Total Price.
POST FREE TO U.K.

A. E. KING (TOOLS) LTD.

3, CENTRAL PARADE, STATION ROAD,
SIDCUP, KENT.

Wolf 3” Lathe Grinder Type GL3F 220/250 V.
A.C., 8,000 r.p.m., used only four hours, £20. Wolf
flexible shaft grinder and filer, type FF2C, 230/250 V.,
11,500 and 1,200 r.p.m. used only few hours, £20.
Lorch-Schmidt watchmaker’s lathe, approx. 13” centre
with  h.p. motor, 230 V., A.C., £10. >-pint blowlamp,
paraffin, £3. Engquiries s.a.e. Copper sheet 4’ 0” %
20" X %7, £14; 8, £9; &”, £4 10s.; 1/327, 12 10s. One
cach size. Brass sheet 4° 0” x 2°0” x 3/64”, 18-gavge
6 only, £3 10s. each; 2’ 0" X 6§” x 0.031”, 20 sheets,
£5 lot. Copper tube 61" x 6” x 14” long, £5; 93" X
94" x 14%" long, £7.—H. C. PoweLL, 117, Stewart
Street, Crewe, Ches. Tel. No. Crewe 2088. HIJ

PORTASS LATHES

3% to 53" centres, from £43 to £350. Come
direct and secure personal service. Stamp for
lists please.

CHARLES PORTASS & SON

Dept. MLE. BUTTERMERE WORKS
SHEFFIELD 8 Est. 1889

T/C

YUKAWN
SELF - SPRN

Get this AR DRYING HIAMMER FINISH Now!

So professional the YUKAN aerosol way!

YUKAN Aerosol spraykit contains 16 ozs. fine quality durable easy instant spray. No stove |
baking required. Available in Grey, Blue, Gold, Bronze at 14/11, at our counter, or 15/11, carr.
paid, per push-button self-spray can. SPECIAL OFFER: | can plus optional transferable snap on ‘“éé"i
trigger handle (value 5/-) for 18/11 carr. paid. Please enclose cheque or P.O., for total amount to:
Y UKA N, Dept. ME/3, 307a Edgware Road, London, W.2.

Choice of |3 self-spray plain colours and primer (Motor car quality) also available.

7
1

Closed Thurs. aft.,)
open all day Sats,
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Myford, Lorch, Drummond and other lathes.
Also odd parts, chucks, gears, and faceplates. Old
bench driller, grinder, hacksawing machine, pulleys,
cheap to callers.—P1xE, 36, Brenthouse Road, Hackney.

T/C

Wanted. Bench drill 3~ capacity, 240 V. A.C./—

BARBER, 10, Fenton Road, Lockwood, Huddersfield. J

SILICONE RUBBER “ O '' RINGS

As described in ‘‘Model Engineer” of Sept. Ist
and Oct. Ist, 1964. Many satisfied users nowpreport
extra power, free-running and no leaks on their
locos, pumps and stationary engines. Send for list
of 28 stock sizes from 4" up.

CARIBOU-. All castings and boiler materials in
stock. Parts still available for 4" Drummond back-
gears and fine feeds.

DORE ENGINEERING

1, Drury Lane, Dore, Sheffleld. Tel.: 362307

ALT T/C

As New Bench ML7B, 230/1/50, two chuc
accessoriqs, cost £170, sell £135, /‘/‘ A’pex ” sensitikvsé
bench drill, 3" 3-speed, 230/1/50, mint, £23. Also
Myford conrod fixture and lever collet set and 7/16/S.0.
diehead, S.A.E. details.—F, Warpman, Marshland
House, Eckington, Sheffield. J

For Sale.” 6” x 42" screwcutting lathe, power
cross feed, 77 s.c., 10”7 4-jaw chucks, pedestal stand
countershaft, £35. 4” R.B. Drummond, maker’s
treadle stand, equipment, no chucks, easily motorised,
£1.7‘. Write to—14, Danecourt Close, Bexhill-on-Sea, J

Z):to” 3% x 12" B.G.S.C. lathe, motorised on
maker’s stand, chucks and standard equipment, £40
o0, Delivered 50 miles radius.—McDoNaLDp, 30
Brunswick Street, St. Helens, Lancs. ’_]KI:

LIVE STEAM SERVICES
Hot Pressed T-pieces Hot Pressed Elbows
Tapped 3" x 40, 3/6 Tapped }” x 40 2

y 5432’x40§3‘/171 pped 3 T

&7 X 40, 4/6 , 7 X 40, 2,
w ¥ X 32, 4m ; 55 x 327 352
. & % 26, 5/4
Boiler Bushes

Screwed 7 x 40, 1/- 3 x 26, 3/-
wo ¥ x40, 2)- | e
” & X -

” 1%” X 26, 2/6 3" X 26, 4/3

w & x 32, 2/6 X 32, 4)3

Whistle chain per 1/, 1/4 Lubricator Check Valves
Handwheels, 3” dia. each. 6/-

each, 1/3 Operating Arms, ea. 1/3
Ratchet wheels, 35-t Hardened Pawls and

each, 1/6 Springs, set 3/-
SEE US AT THIS YEAR’S M.R.C. EXHIBITION AT EASTER
422, Upper Richmond Road West, East Sheen, S.W.14

New Mail Order Sales. 1 1b. brass screws 2 B.A.-
8 B.A,, 8s.; 11b. steel screws 0 B.A. R.H., CH. CSK
3s.; 100 brass nuts 2 B.A.-8 B.A., 4s.; 50 +* B.S.I"
hex, steel bolts with nuts, washers, 9s, 6d.; 100 brass
screws, 2-4-6 B.A., R.H. various lengths with nuts,
washers, 8s, 6d.; above CH., 8s. 6d.; above CSK,
8s. 6d. Wood screws, plated 100 up to 14, 3s.; 100 steei
above up to 57, 6s. 6” Abra file with frame, 3s, 500
rivets, 1/327-4” copper-steel-brass, 6s. 9d. H.S.
§” hand reamer 12s. Wood saw 6”, §” hole, 12s.
H.S. end-mill No. 1 M.T., 2", 125,.—S. CriMsHaw. 7
Hall Street, Gorton, Manchester 18. T
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Wanted. Zyto headstock, also other parts.—BooTs,
26, Southbourne Road, Folkestonc.

Alldays and Onions, 23” dia. forge bellows in
good condition, complete, £20 o.n.o.—12, Albion
Street, Brightlon, Sussex.

MODELS AND MATERIALS

A Genuinely Private Steam Enthusiast most
urgently requires 13" to 3” coal-fired traction engine to
exhibition or near standard. Must be in perfect order.
Excellent price given for right article.—F. AruiTT,
3, Pickhurst Mead, Hayes, Bromley, Kent. Phone
Hurstway 5758. No dealers. EP

Railway Track. 3}, 5” and 7}” gauges for
passenger carrying. .Hard aluminium alloy rail
timber sleepers pre-drilled to gauge, rail fixing screws,
fishplates and bolts. 40’ radius R.H. and L.H. turn-
outs in 5” and 7}” gauges. Send 8d. in stamps for rail
sample and list.—CrROMAR WHITE DEVELOPMENTS
Ltp,, Woodman Works, Durnsford Road, London,
S.W.19. WINbledon 1033. T/C

We dpﬂy fair Eir!':ces and immediate cash for
models of all ds including traction engines,
locomotives in all gauges, rolling stock,
stationary engines, pumps, boilers, steam-
ships, etc. Single items or whole collections.
Distance no object.

CHERRY’S LTD.,

62, Sheen Road, Richmond, Surrey.
Richmond 2454 T/C

Wanted. 1}” scale traction engine (Allchin M.E.
model of particular interest) or 2” scale steam tractor.
Reasonable scale model in good working order required.
—38, Spencer Road, Twickenham. HI

Sale. Selecta Homemaster, Coronct Major, Elliot
Unimat, plus most accessories.—S. EARTHEY, 75,
King George Road, Shoreham, Sussex. IJK

Can Anyone Help ? I need 30’ of stainless steel,
3" x 4" flat or nearest.—PoOwELL, 117, Stewart Street,
Crewe, Ches. Tel.: Crewe 2088. IJK

5” Gauge Track approx. 300’, £35. Buyer collccts.
—Sevenoaks 55810, IJ

TRACTION ENGINE drawings & castings for:—

é" scale Burrell General purpose agricultural engine
il

2” scale Fowler Showman’s engine Princess.

3” & 4}” scale Wallis & Steeven’s Simplicity roller.

Also machining service and boiler building.

VERTICAL MILLING MACHINES:
Lathe attachment unit - ideal for Myford lathes.
Self contained unit.
Plzase send 1/6d. for lists.
‘LION’ ENGINEERING CO,,
Limes Estate, Hardwick, Cambridge.
Phone: Maaingley 48S5.

31" Gauge coal-fircd 4-4-0 and tender, injector.
mechanical lubricator, excellent condition throughout,
£125. 3} gauge unfinished L.M.S. 2-6-0 chassis, frames,
driving and tender, wheels, axleboxes, drawings, etc.,
£15. S.A.E. reply.—Box No. 1406, MODEL ENGINEER
Offices. IJK

Model Steam Locomotive, 91" gauge, 4-6-0,
immaculate condition. Offers around £500. Reason
for sale estate being wound up. Apply—Taxicass
(City) Ltp., 1, St. Marnock Street, Glasgow, S.E.
Phone: BRI 2302. 1]

Chassis and Boiler, 2}” gauge, 0-6-0 necds cab,
running boards to complete, with tender chassis,
slight rusting overall. Chassis 25" gauge of 4-4-0 with
valve gear, cylinders, slight rusting overall. A very
nice gauge one spirit-fired 0-6-2. A gauge “17
D.R.G.M, clockwork 4-4-0 with rails and few accessor-
ies, circa 1920. A quantity of pre-war Hornby gauge
“ O locos, rolling stock, rails, etc., some new con-
dition.—HoLmes, 133, Nottingham Road, Nuthall,
Nottingham. Tel.: Nottingham 272421. J

Wanted. One or two 7} gauge trucks in good order.
Small bogie truck preferred.—Box No. 1413, MopsL
EnGINEER Offices. {

Sale. Vosper crash rescue tender, 12-channel
radio-control, glow-plug powered, 17 to 1’ scale,
forward/reverse gearbox, beautiful working model.
£125.—EBsBs, 36, Goodwood Avenue, Watford, Herts.

JKL

Wanted. Stand for ML7 lathe. Must be genuine

Myford.—JENNINS, 15, Gwydrin Road, Liverpool 18.
JK

Hobbies Triumph Fret Saw, motorised with foot
speed control, £8 (new £26).—BATCHELOR, Priors
Heath, Goudhurst, Kent.

Atlantic. Motion complete, boiler 50 per cent.,
space needed. Haggle around £6 or w.h.y.—BRIGLIN,
16,56Lymc Walk, Pecterborough. Phone: Peterborough
4156. J

Cylinders, dome, chimney, castings, some machined,
smokebox, 80 per cent complete, boiler for 33”7 gauge
¢ Princess Marina, £11 o.n.o.

Wanted. 60’ 74” gauge track and suitable driving
truck.—Frost, Takeley, Bishop Stortford. J

Sparking Plugs for Sale, brand new Pacy } x 32,
4s. each inc. postage.—DRrew, 80, Wordsworth Road,
Luton, Beds. ]

Lady Wishes to Dispose of two 5” gauge tank
locomotives, one 31" gauge 4-4-0 locomotive and
tender, 250 3%” and 5” track. Three Stuart-Terner
engines, No. 5A 9 and 1. Myford lathe, milling machine
and tools. S.A.E. reply.—Box No. 1416, MobEeL
ENGINEER Offices. JKL

Pressure Gauges 0-601b., 1”7 diameter, 8s. 6d.
cach; 1{” diameter, 10s. 6d. each. Postage 6d.—
TavLor, Bleadney Mill, near Wells, Somerset. J

Partly Completed 7}” gauge Pacific loco for sale.
Inspection any time, by appointment.—33, Johnson
Road, Nottingham. J

For Sale. 3}” ¢ Julict ”’ chassis, 90 per cent finished
£15.—ABELL, 23, Sunningdale Road, Haughton Green
Denton, Manchester. J

Model Engineers Construct 0.5 h.p. Rotary
engine especially designed for model makers, can be
machined on Myford. Print £1. Please write—D. G.
Marks, The Hollies, Station Road, Alderholt, near
Fordingbridge, Hampshire,

Private Collector wishes to buy few good quality
and condition scale models of tank type locos up to
74" gauge, kindly state price and original prototype.
—Box No. 1418, MopeL ENcGINEER Offices. KL

ELECTRICAL

A.C. Motors, Self-start, inducing 220/250 v.,
50 cycles, 1-phase, 1,425r.p.m., } h.p.,87s. 6d., 1/3 h.p.,
105s., } h.p., £6 15s. Perfect and guaranteed, carriage
England, 7s. 6d.—JoHNSON ENGINEERING COMPANY,
319, Kennington Road, S.E.1. RELiance 1413. T/C

Sale. I.H.P. motor, Crompton Parkinson, good
order, £6 carriage paid. Three-phase.—ROSEWARNE,
128, Fulford Road, York.
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Synchronous Clock Motors. 200/250 v. a.c.
50 c. with gear mechanisms. Various types, large
stock, 7s. 6d. each. Quantity reduction.—TRADEX
MerER CoMmrany Lrto., 67, Maple Road, Surbiton,
Surrey. Tel.: ELMDbridge 2234/5/6. T/C

SITUATIONS VACANT

An Editorial Assistant is required for ‘‘ Model
Enginecr.”” Must have some workshop knowledge and
ability and be keenly interested in Model Engineering.
Should reside within reasonable distance of Hemel
Hempstead. Age preferred 18-23. Salary according
to experience. Apply in writing to the Managing
Lditor, *“ Model Engineer,” 13-35, Bridge Street, Hemel
Hcmpstead. T/C

Industrial Model Maker. Required to assist in
production of prototypes and visual models, Exper-
lence in accurate small scale work essential. Amateur
model engineer considered. Good salary. West Essex
arca.—Box No. 1417, MopEL ENGINEER Offices. N

Interested in Marine Steam ? Working crew for
weekends wanted at small premium, to assist with
refit of steam yacht, lying at Southampton.—Box No.
1312, MopEL ENGINEER Offices. P

PHOTOGRAPHY

Negatives, originals, steam locomotives and trains
required, fill gaps private collection. Minimum size
331" % 23", Details, price—49a, Palace Square, London,
S.E.18. HI}

Projectors. Home Assembly Kits 2 x 2; 23" sq.,
3}” sq. Film Props: 300 w 500 w stereo; 300 w viewer
10" screen; also 157 screen. Episcope screens slide
boxes. Opticals. S.A.E. brochure. Fan base kit to
cool other manufacturers projectors, £3 7s. 6d.—
MarsHALL-SMITH LTp., Norwich Avenue, Bourne-
mouth. T/C

CARS, ROAD VEHICLES, ETC.

Steam Rollers for Sale. One Aveling Barford,
1946, 8-ton single cylinder with scarifyer, recently
retubed. One Aveling & Porter, 1930, AD compound,
with scarifyer. Traction Engines. One pair Fowler
BB compound ploughing engines, complete with
plough, cultivator, dredging bucket, water barrel and
living van.—N. A. C. MerLnuiss, Chipping Norton
2840. Stratford-on-Avon 5579. HI

Wanted. Grandpa's old belt-driven motorbike, any
condition or incomplete, or any ancient Scott M/cycle.
What’s in the cellar 7—8, Armson Avenue, Kirby-
Muxloe, Leicester. GR

Antiques. What offers ? Autovac and C.A.V. self-
starter off 1920 Sunbeam. Enclosed epicyclic gear
friction drive, two pairs timing wheels and toothed
starter ring for Model T Ford. % axle for 14 litre Riley
Kestrel 1935,—IrviNG, Rawcroft, Penrith. JK

Wanted for Clayton and Shuttleworth DCC trunk
guide, 2-cylinder drsin valves, front hub caps, 13"
i.d. brass chimney top, SC parts may suit,.—SoLoMON,
The Nook, Blackwater, Truro, Cornwall.

Fowler S.C. Steam Roller No. 19045, retubed,
good mechanical order, needs paint. View under
steam by appointment, £200.—Tel: Portland 3241
evenings. 1K

For Sale. Aveling & Porter, 8-ton steam roller,
needs retubing, one set of Fowler traction engine
front wheels, complete set of rubber tyres (solid).—
G. Burns, Little Bampton, Wigton, Cumberland. 1JK

BUSINESS SERVICES

Capstan and Centre Lathe Work required.
Moderate charges, accurate work. Good delivery.—
Box No. 1408, MopeEL ENciNeer Offices. IJIK

For Guaranteed Repairs to watches, clocks,
jewellery. Also replacement parts, try—YOUNG & SON,
133, London Road, Chippenham, Wilts, ALT 3T/C

Toolmaker With 41” Precision Lathe will under-
take machining your castings, cylinders, etc., in spare
time. For details write—MR, PoLKOWSKI, 95, Blenham
Road, Harrow, Middx. JKL

INSTRUCTIONAL COURSES

Higher National Diploma.

industrial experience.

CHESHIRE EDUCATION COMMITTEE

CHESHIRE COLLEGE OF EDUCATION, ALSAGER
CHESHIRE

At the request of the Department of Education and Science, the Cheshire
Education Committee proposes to hold the} following course commencing in
September, 1966 at the above College:

SPECIAL ONE-YEAR COURSE (HANDICRAFT)}:

This course is designed to give skilled craftsmen training which will enable
them to take up posts as teachers of Handicraft in Secondary Schools.

Applications are therefore invited for admission to the course from men who
already possess one or other of the following qualifications: a Full Technological
Certificate of the City and Guilds of London Institute; the First Examination and
Section 1 of the Second Examination for the Teachers’ Certificate in Handicraft
of the City and Guilds of London Institute; a Higher National Certificate or a

Preference will be given to candidates over 25 years of age.

The particular academic requirements of individual students and the application
of their skills to the needs of schools will be specially studied. The year of training
wiH include periods of teaching in schools.

i
The basic salary scale for qualified assistant teachers is £730 per annum, rising
by 14 annual increments to a maximum of £1,400 per annum. Additions to the
basic scale are given in respect of recognised periods of training or appropriate
University degrees and certain other qualifications recog-
nised as being equivalent to a degree also carry additional salary payment. In
determining the commencing salary an allowance of up to a maximum of 12
increments may be granted in respect of approved industrial experience.

Further information relating to this course (e.g. maintenance grants, etc.)
together with the form of application, may be obtained from the Principal.

B

HOLIDAYS

Snowdonia National Park. 4-berth, 20" Bluebird
caravan to let, Select site. Flush sanitation. Shop
3 mile. Bala Lake within easy reach of five steam
narrow gauge railways.—Pen-y-Garth, Rhosygwalia,
Bala, Merioneth. HIJ

Powderham Castle Caravan Park, Lanlivery,
Cornwall, phone Lostwithiel 277. Country quiet yet
central for all beaches. Ten modern caravans for hire.
Trailers and boats welcome. Salmon, trout and shark
fishing. Electric light, T.V., hot showers and own farm
produce. 12-ton Fowler in steam most weekends.
S.A.E. brochure. IR

BOOKS, PUBLICATIONS, ETC.

“M.E."” Vols. 101 to 114, unbound, plus odds,
S.A.E. list. Offers. Post extra.—85, Chestnut Springs.
Lydiard Milicent, Wilts. HIJ

Wanted. For short term rental or purchase single
copies or complete volumes of ‘“ Model Engineer”
covering dates October 11th 1956 to February 28th
1957 inclusive. Would like to purchase any or all
volumes from 84 to 126 inclusive, bound or unbound.
—FULLER, 604, Old Shoreham Road, Hove 4. JKL

Wanted. ‘“ M.E.”’s covering construction of Allchin
13” traction engine.—MaLcoLM, 10, Dunpender Drive,
Haddington, East Lothian.

Are you a bit rusty on Steam Ploughing? §
if so, you should read:-
SAGA OF THE STEAM PLOUGH
By Harold Bonnett

Published by George Allen & Unwin Ltd.,
lllustrated : /-
* One can almost hear the staccato exhaust beats
of the pulling engine and sense the delicious aroma
of hot oil blended with the tang of newly turned
soil "’ Engineering.
Autographed copies are available from the author,
post free. Send 42/- only to:

Harold Bonnett, 3, Ridge Side, Haw Lane,
Bledlow Ridge, Nr. High Wycombe, Bucks.

“ Model Engineer,” February 7th, 28th; May 29th,
1952. State price.—Box No. 1414, MODEL ENGINEER
Offices.

Early ‘““Model Engineers,” unbound. S$.A.L.
lists.—HucrEs 25, Priston, Bath, Somerset. J
Wanted. Bound volumes ““M.E.” any years.

Not necessarily mint.—3ox No. 1419, MopeEL Ex-
GINEER Offices. JKIL
Bound and Unbound * )Model Engineers,” irom
Vol. 12.—39, Whitaker Strect, Derby. J
Wanted. Illustrated catalogues of lathes by Henry
Milnes. Any condition.—Dobp, 4, Halifax Road,
Scapegoat Hill, Golcar, Huddersfield, Yorkshire. |
Sale. “ Model Engineers,”” 49 Vols. Year 1956, 52
for 1957, 52 for 1958. Clean. Several odd ones. Offcrs.
—MuwmBy, 3, Agard Avenue, Scunthorpe, Lincs. J
“« Model Engineer,” 1964, 24 copies, £2. ‘‘ Light
Steam Power,”” 1964-5. 12 copies, £2. ¢ Steam Boats,”
American 1961-2-3, 18 copies, £3. Out of print.—
IrvING, Rawcroft, Penrith. IK
*“ Model Engineer and Electrician,” volumes 1-6
January-1898-July 1902, Vol. 16 January-june 1907.

All bound, immaculate, offers.—BorLp, 17, Derby
Street, Chadderton, Oldham, Lancs. J
GENERAL
Penftiends Home and Abroad. S.ALE. for
details.—~EUROPEAN FRIENDSHIP SocIETY, Burnley,
Lanecs. T/C

Make New Friends, U.K., Overseas.
V.C.C., 34, Honeywell Road, S.W.I1,

For Sale. 226 ‘‘ Model Engineers,”” volumes 122-
131, £2 10s. L.N.E.R. Pacific 4-6-2 34" gauge, frames,
bogie, valve gear, con-rods finished, castings, Greenly
blueprints, £3 10s. lot. Vertical boiler coal-fired 5" X
127 steam 1”7 X 17, £3. Carriage extra, Write—Box
No. 1415, MopEL ExciNeer Offices. J

Trial free.—
T/C
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Now available!

Third in a series of books which will ultimately cover
all main-line locomotives in Great Britain, Martin
Evans’ INVERNESS TO CREWE discusses 4-6-0 loco-
motives from their introduction in 1894 to the great
exchanges of 1948 and after. Every class of 4-6-0 engine
is illustrated and there are tables of performance and
profuse details of design and construction to round

out the story.

No railway enthusiast will want—indeed, can

afford—to be without this magnificent work.

Size 84 x 5% in., case bound, 164 art pages, PRICE

123 photographs and attractive dust jacket. 25"’
(26/- post paid)

Martin Evans has spent a life-time studying locomotive design and construction and is considered one of the worid’s leading
experts on the subject. His grasp of detail and painstaking search for authenticity contribute to his standing as an authority
on the steam locomotive. Nor is his work theoretical—his miniature locomotive designs are widely built throughout
the world and his regular writings in Model Engineer, of which he is now Editor, are eagerly read by enthusiasts in every
country. His latest book will be received with immense interest and pleasure, and is a source of pride to the publishers—

MODEL AERONAUTICAL PRESS LTD
13-35 BRIDGE STREET, HEMEL HEMPSTEAD, HERTS

BY THE SAME AUTHOR
ATLANTIC ERA

The story of the 4-4-2 locomotive, in use by many of
the great railways as an express passenger engine
1900-1925. Complete with dimensions, design and
construction details, performance data, and many
photographs. New edition now available with re-
designed dust jacket, etc. 94 pages, case bound, size
81 x 54 in. Price 12s. 6d. (I13s. 6d. post paid).

PACIFIC STEAM

The 4-6-2 locomotive hauled many of the famous
expresses such as “ The Coronation Scot,” * The
Flying Scotsman,” and ‘“ The Golden Arrow.” The
full story of their development, including experi-
ments and tribulations, is told in detail in this fascinat-
ing book. 80 pages, case bound, size 83 x 5%in.
Price 12s. 6d. (I3s. 6d. post paid).

SPECIAL OFFER!

For a limited period, the publishers are offering this
superb trio of books at an all-in price of 45s.—that
is, a2 single order for the three books ‘ inverness
to Crewe,” *‘ Atlantic Era,” and * Pacific Steam "
should be accompanied by a remittance of 45s. Offer
extends to June 30th, 1966. for U.K. readers, and
September 30th, 1966 for overseas readers. We
regret no variation on this offer can be accepted.
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