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Tel: +44(0)1780 740956 et ,»»w‘
Fax: +44(0)1780 740957 S{f:gc

Wabeco CNC Mill
CC F1410E

Wabeco Lathe - centres - 600mm
D6000E « Centre Height - 135mm
&

e Speed - 30-2300 rpm

| s Y "’
*Table - 500 x 200mm S
e Z axis - 280mm e Speed - 140-

3000 rpm e Power - 1.4 KW

e Table - 450 x 160mm
e Z axis - 320mm
e Speed - 365-1800 rpm
* Power - 250 W

Fimng

Wabeco I @ «Table - 500

f—

Ceriani
- .. x 150mm .
Mill i . Mill
F1210E _ David
' e Z axis - _ 403
280mm e Centres - 500mm e Centre Height - 200mm
* Speed - e Speed - 100-1800 rpm e Power - 0.75 HP e Table -
§-o Jwarranty 140-3000 rpm 420 x 160mm
* Power - 1.4 KW ACCESSORIES *Z axis - 300mm
Lathe Chucks, Drill Chucks, Tipped . 3':6’;?3";
h-w_ Tools, Boring Bars, QCTP, HSS Tools, « Power - 1.5 KW
i End Mills, Slot Drills, Machine Vices, s

Clamping Sets, Slitting Saws, Arbors,
Wabeco Boring Heads, Radius Mills, DROs,
CNC Lathe cc D6000E Rotary Table, CNC fits, Collet Chucks,

« Centrs DETahcer 600mm Collet Sets, Flanges, Face Mills,

* Centre Height - 135mm Shell Mills and Much More... TECO Lathe MD 200

*Speed - 30-2300 rpm * Centres - 300mm
*NCCAD e Power - 1.4 KW * Centre Height - 52mm
- ° Speed - 250-2000 rpm |
< *Power-250 W

We regularly ship worldwide T Y g P S St L

Please contact us for stock levels and more technical detail

. R 17 Station Road Business Park, Barnack,
All of our prices can be found on our web site: Stamford, Lincolnshire PE9 3DW

www.emcomachinetools.co.uk | lcoemeomachinetools.couk

sales@emcomachinetools.co.uk
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On the

Editor's Bench

me in offering sincere sympathies to
our readers in France and anyone else
affected by the terrible events in Paris.

This month highlights of my workshop
activity have both been in the workshops
of other people! | was fortunate enough
to visit David Piddington, | plan to return
to further pick his brains and share some
of his wonderful experiences with
readers.

My other visit was to the fabled
‘Bodger’s Lodge’, where | received an
introductory course in MIG welding from
John Stevenson. We both agreed that |
am not quite ready for Rolls Royce, but
progress was made! It turned out that the
main problem | had been having was
because | hadn’t pushed the gas pipe all
the way into the fitting and most of my
shielding gas was just contributing to the
greenhouse effect and not my welding!

I 'm sure that all readers of MEW will join

As my article explains | was able to
figure out how the machine should work
on my own, but was not getting the sort of
welds | had hoped for. But once | handed
the machine to John, he had me up and
running in minutes and left me to practice.

There's a serious point here — an awful
lot of readers are ‘lone hands’ and many
of them are largely self-taught. But every
so often we all come across problems or
barriers that need no more than a bit of
advice or a gentle tweak on the controls.
We all need a bit of help at times, and
sometimes there’s no better solution than
hands on guidance.

So whether you're a horny handed
veteran engineer or a total newbie, if you
are struggling, don’t be afraid to ask for
help, whether that's through a forum like
www.model-engineer.co.uk, calling on a
fellow hobbyist or going along to your
local club.

SNEAKING ONE IN

their Lowca Works in Whitehaven.

wonderful little chunk of the past.

Having spotted a couple of workshop tool builds in Model Engineer recently, I'll

get my own back with a gratuitous picture of one of the favourite locos for visitors

to the Bluebell Railway in Sussex.This is Captain Baxter, an 0-4-0 tank locomotive

of diminutive size. The locomotive was originally used by Dorking Greystone Lime
Works. Numbered 3 the little tank loco was built in 1877 by Fletcher Jennings & Co. at

The loco was joined the Bluebell Railway in 1960, was restored for 1982, and was
fully overhauled in 2005, and it is now capable of hauling small passenger trains. A

| find it hard to believe, but | took this photo back in the spring of 1989 when | had
two weeks off between jobs! The film used was Fujichrome Velvia, a wonderful
transparency film, which shows incredible detail. This was taken with my lovely old
Pentax SP1000 using an unbeatable Helios 58mm lens from a ZenitTTL.
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THE SOUTH’S MAJOR SHOWCASE C

FRIDAY |5th -
SUNDAY | 7th

LONDON MODEL

featured
Ason BBC W
The One S"°

Join us for our 20th year of the London Model
Engineering Exhibition. This premier exhibition,

ENGmEEwl'Q JAN UARY 20 I 6
\N

A GREAT DAY OUT FOR ALL AGES

Alexandra Palace

London
N22 7AY

regarded as one of the leading shows of its kind,
attracts over 14,000 visitors each year.

See over 50 national and regional clubs and societies presenting nearly 2,000 examples
of their members’ work. Many clubs will be presenting demonstrations of their skills. The
prestigious ‘London Model Engineering Exhibition Society Shield’ will also be awarded.

« 7%" Gauge Society

+ 10%" Gauge Society

« 16mm Ridgmont

« Association of London Modellers

- Association of Model Barge
Owners

« Blackheath Model Power Boat
Club

- Boiler and Engineering Skills
Training Trust (BESTT)

« Brickish Association

- British Model Flying Association

« Broomfield Model Boat Club

« Buckinghamshire Garden Railway
Society "Whiteleaf Light Railway"

« Chelmsford Society of Model
Engineers

« Chingford & District Model
Engineering Club

- Eastleigh & District Model Boat
Club

- Epping Forest Horology Club

- Fairy Bricks

+ Gauge 1 Model Railway

Association

« Gauge 3 Society
- Hanwell & District Model Society
« Harrow & Wembley Society of

Model Engineers

+ Ickenham & District Society of

Model Engineers

+ Imagineering Foundation

« IPMS Barnet Model Club

« IPMS Hornchurch Model Club

- Kent Model Boat Display Team

« Lynton & Barnstaple Railway Trust
- Malden & District Society of Model

Engineers

- Midland and South East RC

Truckers

« Model Hydroplane Club
« Moorhen Model Boat Club
- National Traction Engine Trust

(NTET)

- Northern Association of Model

Engineers

+ Northolt Model Railway Club
- Old Locomotive Committee

(OLCO)

|0am-5pm Fri & Sat |0am-4.30pm Sun

Last entry Friday & Saturday 4.00pm Sunday 3.00pm.
The Model Active Zone will close at 3.30pm on Sunday.

+ OO Live Steam Club
« Polly Owners Group
+ Project 4709

« REMAP

+ Romford MEC
 Royal Spithead Review

« Society of Model &Experimental

- Southern Federation of Model
- St Albans & District Model

- Surface Warship Association
+ Sussex Miniature Locomotive Society
« Tamiya Truckin

« The Model Railway Club

« The Society of Ornamental Turners

« The UKTank Club

« Victoria Model Steam Boat Club

« Welwyn Garden City Society of Model

« West London Meccano Society
« West Middlesex Scale Model Club

All information correct @ 3.11.15 please check our website for details of new exhibitors as they
confirm - subject to change due to circumstances beyond the organisers control.

Engineers (SMEE)
Engineering Societies

Engineering Society

Engineers

Book your tickets at

www.londonmodelengineering.co.uk



F MODELLING...NOT TO BE MISSED!
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Share experiences, hints
and tips with other enthusiasts.

See fantastic models on display including
railways, traction engines, boats, planes, trucks,
plastic models, clocks, Meccano and more...

Remote controlled vehicles from Tamiya Truckin and
UK Tank Club plus exciting aerial displays courtesy

f th itish M | Flying A . . . .
of the British Model Flying Association Over 55 of the UK’s leading specialist suppliers are

expected to be at the exhibition. They will showcase

Try model engineering for yourself under new products and special promotions giving modellers
the guidance of the experts from the chance to see and buy supplies all under one roof.

the national clubs.

+ Axminster Tools & Machinery - Hafixs Professional Glue

« BB Engineering Supplies + Polly Model Engineering Ltd

- Beugler Paint Pinstriping » Pop Pop Steam Boats
Tools - Power Capacitors Ltd
Blackgates Engineering The LMS Patriot Company Ltd
Century UK Ltd TurboCAD/Process Flows

+ Chalk Garden Rail + RCheliGURU RCdroneGURU

+ Chester Machine Tools - RDGTools Ltd

- College Engineering Supply  « RepRap Professional Ltd

« Component-Shop.co.ukLtd - Ride on Railways Ltd
CuP Alloys (Metal Joining) RNR Aluminium
Ltd. S & M Tools

« D A &BE Murkin - Saddletank Books

 De Agostini Modelspace « Silver Crest Models Ltd

« Greenwood Tools Ltd. - Station Road Steam Ltd

« Home & Workshop Machinery - Stuart Models (UK) Ltd
Howes Models Shop The Craftlight Company Ltd
JB Cutting Tools THREEDY 3d Printers

« M ATooling - Tools 2000

« Matthews Railways & Models -« Toolstop

+ Miracle Shammy « Tracy Tools Ltd

+ Myford Ltd « TurboTrade UK
Noggin End Metals View Models
Peak Tools Walker Midgley Insurance

+ Perma-GritTools Ltd. Brokers Ltd.

+ Phoenix Precision Paints Ltd ~ « Warren Machine Tools Ltd.

All information correct @ 3.11.15 please check our website for details of new exhibitors as

M : . I } . ?J* : e .‘7‘3.,: they confirm - subject to change due to circumstances beyond the organisers control.
. Fﬁ_’_ ' qu‘ - TICKET ONLINE TICKET* | FULL PRICE TICKET** | By ordering your
’,g,@;: P m Adult £9.50 £11.00 tickets online you
~ == ¥ | ™ senior Citizen/Student £8.50 £10.00 receive a special
S discount and beat
“| Child (5-14 yrs) £3.00 £4.00 the queues.
Sponsored by o | * Tickets are available via our website at discounted prices until 8th January 2016. ALL ADVANCE
;’;* Full pll"lice tti’ckel:s ar.e:wailable c}:n thhe day ::om th-: :)icke)t{Iofgloce.cI > o TICKET SALES
you call to book a ticket over the phone there will be a £1.00 administration fee on
top of the online ticket price to a maximum value of £3.00 per order. Tel. 01926 614101. CLOSE ON 8th
For groups of ten or more discounts are also available. Enter code GRP10 on the website. | JANUARY.

yfollow us @MeridienneEx f join us London Model Engineering Exhibition
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A VICE END-STOP
Mike Checkley returns with
a neatly finished aid to
repeat accuracy.

HEAVY DUTY
ROLLERS

These robust rollers from Will
Dogget are ideal for working
narrow but thick material.

MYFORD ML7R
POWER CROSS SLIDE
Adding conventional power
cross feed to an ML7R is not
straightforward. Keith Wraight
has a solution.

REBUILDING A
WARCO MAJOR
MILL/DRILL

Richard Smith completes the
work on his machine brought
out of long term storage.

THE WORLD

MAKER FAIRE 2015
From robot horses to the
traditional Coke and Mentos
display, Andy Clark brings us
the best of this years show in
New York

DESIGNING
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A double-page pull-out chart
this month as Linton Wedlock
explains how a nomogram
can be used to calculate wire
stresses.
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ADVENTURES IN
CLOCK WHEEL
CUTTING

Glenn Bunt puts the cutters
described in our last issue
into action.
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CAPPUCCINOS AND
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Bob Reeve overcomes a few
more hurdles to complete his
manifold adaptor.
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AND HIS LATHE

A Chester 12 x 36 lathe is the
machine at the heart of Gary
Wooding's workshop.

68 A BELT FINAL
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Updating a solution we
published in 2005, David
Thomas upgrades his mill.
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Coming up...

in the January issue

GOING ROUND THE BEND

Stuart Walker revisits and updates a pipe bender
first described in Model Engineerin 1947.

m Richard Gordon shows how to make a handy
set of precision parallels, Geoff Walker shares the
story of his Drummond Lathe and some Gold-star
work with Marcus Bowman.

Regulars

3 ONTHE EDITOR’S BENCH
The Editor has been out and about visiting a few
workshops.

ONTHE WIRE

More news from the world of hobby engineering

SCRIBE A LINE
A bumper crop of feedback from readers on
recent issues.

18

64

66 READERS’' FREE ADVERTS

Your monthly chance to grab a bargain.

79 READERS'TIPS

A handy tip for making out locomotive frames.

)
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Held in New York each year, the
World Maker Faire is an explosion
of practical ingenuity and creativity,
Andy Clark snapped this huge robot
at the event.

Andy Clarke'reports
from the World Maker

‘THE GREAT MAGAZINE FOR EVERY ENGINEERING WORKSHOP

December 2015

HOME FEATURES WORKSHOP EVENTS FORUMS

Visit our

Website

for extra content and
our online forum

www.model-engineer.co.uk

ALBUMS

The X3 Mill Gearbox

Download pdf files with fully rotatable 3D diagrams
that accompany this month’s article by David
Thomas on a belt drive conversion for his X3 mill.
You only need Adobe Acrobat to view the files, no
fancy software required!

Other hot topics on the forum include:

Y What is the most useful workshop
tool you have made?
Share yours and pick up some inspiration
form other people’s tools.

Y 6 inch Ruston Proctor Traction Engine
It's a live steam model build not a workshop
tool, but MEW contributor Paul Lousick
demonstrates some very interesting big
machining operations in this thread.

D Acute (a cute?) Tool Sharpening System
Following our recent review, follow
John Haine's detailed build from the
Eccentric Engineering kit.

CLASSIFIEDS EXTRA SUBSCRIBE ARCHIVE SUPPLIERS
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4L ATHE WITH 12 SPEED } g : r
MILL DRILL- CL500M

* 430mm between centres
Y . Comp[())und sflid: with 4 way to&f)l p?st y
- « Power fed screw cutting facility ! il v ol e o R
= « Forward/reverse lathe operation | y ] i ] “o\N 0 3] T
?_ !‘blutchfrmdendentmull/dnll operation I f IPER N
¥ Al ALSO AVAILABLE: CL430 - 10 a " s i RSTC
“As above but without the NW
Mill/Drill head ) NATIONW
£669.00 exc.VAT T I |
£838.80 inc.VAT

FULL RANGE
OF ACCESSORIES)

AVAILABLE ) 3 = 2 — 0

ENGINEERS ° :

HEA Clarke SEchivices | Clarke - arlze METAL LATHE
MILLING D K80 =k *300mm between centres ® LH/RH thread

A * Arange of fixed and swivel § BOLTLESS screw cutting * Electronic variable speed » Gear

DRILLING & vices with top quality § QUICK ASSEMBLY - change set » Self centering 3 jaw chuck & guard
MACHINE i L cast iron construction | STEE| SHELVING i 2 Power feed
P BCNLDSOtO ble, tilts 45° left St 9 ° Simple g i =%, CL300m
« Bench mountable, tilts 45° le -
& right from vertical e Table travel © Durable powder ,;22 T Tﬁs{%lansust%rgbly 4 <! : .
100x235mm e Table Effective Size coated finish ) ) L/ CMV140 IR Y | sing onl £35%8 |; . o
LXW: 92 x 400mm D Shown fitted with g only NC.VAT e

optional 3 drawer unit ONLYN |LAMMEZE, D BA A N J 2 hammer e SR =

CMD300_470W/230V_0-2500rpm _£499.00 psitiX:])

Clarke ANT! FATIGUE 7 :
. ** FOAM FLOORING BEAR

« 6 interlocking foam tiles protect flooring & 0D DESCRIPTIO D

provide comfort when standing or kneeling

« |deal for use in garages, workshops etc. ® Each BB203B

OCKAB o
h R AWER £84.99 Ex.VAT £101.99 Inc.VATH |CV100B  100mm  Fixed £18.99 JEw2N{: == e 2
: . CVR100B 100mm __Swivel £21.99 fSTRLY | B £469:2%
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v MICRO MILLlNG & . HEAVY DUTY CMV140 140mm__ Swivel £64.99 99 OICE O OLOUR  Quality machines from
il DRILLING MACHINE [ PROFESSIONAL | i matter TURBO AIR L mE Brtain' eading
» Bench mountable TOOL CHESTS ., COMPRESSORS RED, BLUE, BLA 4 3 | o All models
CMD10 * MT2 Spindle Taper * Superb range 5 > R & GALVA D b L 1) featured are
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23:25, CRB2178 ,rc : p er 16/ tsu:P 1:; 150I}r L] £263.96 | l:lilm ARC/TIG
iger 16/1010% 3HP_14.5 100lr_£269.98 A e (|l - INVERTERS
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- m—r * High > CRANES -_93 heat output 33I‘NQVAT ey welding * Low amp
: i  Fully tested 149:: - : - operation - ideal for
to proof Ioad 7928, OFR 13/250 L 4 auto bodywork & mild

/stainless steel
FROM ONLV

FINS WATTAGE EXC.VAT

CAG800B

MODEL  DESC. EXC.VAT INC.VAT ODEL
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1050w £27.99 . s d available ¢ Robust, rugged BR13/250 13 ELECTRODE

; |32pce Metric a .6-2.5mm . !

L0 ; overoad sty vave | (G GMINIREE AT132° 10/130 1.6:30mm _£150.98 £191.98

#28pce Best Budget Buy, 33pce 5

; BENCH GRINDERS A Efﬁ'gms VDRAULIC : RN [ATi61 107160 1.6-4.0mm _£199.00 BZEA
< Stands come NDS ELECTRIC LIFTING TABLES - y ARC ACTIVATED
complete with (G . ol HEATERS * Ideal for lifting & =t ® HEADSHIELDS

" AVAILABLE ) enyw moving models Kit
bolt mountings WITH LIGHT - Huge ra ge of quality electric models - o Foot pedal ted p \
and feet L - From Y, trade to Industrial [~ 00t pedal operate includes:
« Height ad]ustable CORDLESS ROTARY

A L
a”ChorS 'STAND AVAILABLE FROM S , y |} stand with clamp TOOL WITH 262 PCE
T | 39: 3102 s oy foo < T 0.9 EXY
VAT & T / ‘ flexible drive © 40x £29.98 EX.VAT

35t R 2 ; MODEL MAX. TABLE HEIGHT  EXC. & INC, RSN EWEY £35.98 INC.VAT
! LOAD__ MIN-MAX VAT '« Activates instantly ]
340-900mm _£259 00 3-IN-1 SHEET ' when Arc is struck * Protects to EN379 * Suitable
- METAL @r arc, MIG, TIG & gas welding
MACHINES 3“
Kt Inc: T " = \ « Bend, Roll & Shear § | P
eKit Inc: Tapered ¢ metal up to Tmm thick
spindle, Coloured = : | « Min. Rolling Diameter DRAWER
mop for initial T > 39mme. Bending § WOODEN
cleaning, pure : . TOOL CHEST
£47 8 cotton mop for " E . o Felt-lined drawers
EEM high polish finish 7 Y o LWxH 610 x
0] ¥ |DEVIL 6009400V 4.5-9  £119.00 £14280 8 & polishing compound EROWoNY : i 280 x 440mm
ST f[DEVIL 7009 400V 9 £137.99 EATEEM 4" £19,98 Ex VAT £23.98 Inc VAT [£ gam MODEL BED WIDTH EXC.VAT INC.VAT |\ 09'”
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OPEN MON-FRI 8.30-6.00,
VISIT YOUR LOCAL SUPERSTORE SAT 8.30-5.30, SUN 10.00°4.00 OPEN 7 DAY
BARNSLEY Pontefract Rd, Barnsley, S71 1EZ 01226 732297 EXETER 16 Trusham Rd. EX2 8QG 01392 256 744 MIDDLESBROUGH Mandale Triangle, Thornaby 01642 677881
B’HAM GREAT BARR 4 Birmingham Rd. 0121358 7977  GATESHEAD 50 Lobley Hill Rd. NE8 4YJ 01914932520 NORWICH 282a Heigham St. NR2 4LZ o603 766402 | 4 /] sy WAYS To BUY.
B’HAM HAY MILLS 1152 Coventry Rd, Hay Mills 0121 7713433  GLASGOW 280 Gt Western Rd. G4 9EJ 01413329231 NOTTINGHAM 211 Lower Parliament St. 0115 956 1811 LS
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AVice End-Stop

Mike Checkley describes a neat accessory to aid
repeatability and precision with milling vices.

Have you ever removed a part
from the vice only to realise that

you had not yet finished or it
needed to go back in the vice in
the same position for a second
machining operation?

Adding an endstop to any vice
is a simple addition that can
save time and frustration during
the fixturing of a component that
requires multiple operations.

his endstop consists of 9 parts
I (photo 1) all made from silver steel.
Silver steel was chosen because

stock bar has an accurate outer diameter
meaning that little finishing is required
and | currently | have a good selection of
sizes in stock. All parts can, of course, be
made from any stock material/size that
suites your application, stock or scrap bin!

Working from the mounting end the first
part, the pillar (fig. 1), provides a means
of attaching the endstop to the vice at one
end and allows angular adjustment of the
endstop relative to the vice (photo 2) at
the other. This part is quite small once cut
to length and does not provide much land
to hold for machining the spanner flats so
| decided to machine these flats first.
Chuck a piece of 14mm silver steel bar in a
dividing head on the milling machine and
mill the flats to suite a 12mm spanner. The
flats do not require great accuracy so the
bar could be clamped on a V block and

Collection of parts.

rotated 180 degrees by eye but | had the
dividing head on the mill already so it
made sense to use it.

In the lathe, chuck the bar and turn one
end to 5mm diameter 8mm long ready for
cutting an M5 thread. Turn an 8mm
diameter shoulder 2mm deep on to this
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Endstop fitted to vice.
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newly machined face, a nice radius here
will improve the usability of the endstop
as with most things that require
adjustment there are fingers and thumbs
everywhere and the last thing we want is
sharp edges (photo 3). Cut the M5 thread
and undercut the root to thread depth to
ensure the part can thread all the way in to
the vice body. Reverse the part in the lathe
chuck and drill and tap for %-24UNF 10mm
deep, this thread provides one-half of the
mating parts that allow the endstop to
rotate. A finer thread is best and | chose
this thread simply because the tap was
close to hand. Still in the lathe drill and
bore to a diameter of 8mm and 5mm
deep, beyond the depth of the thread. This
bore provides a locating feature for the
mating part and its purpose is better
explained during the description of the
machining of the swivel post. Add a
chamfer to the outer diameter and clean
up any burrs.

The swivel post (photo 4 and fig. 2) is
the most complicated of the set and
provides the other half of the rotation
feature and the ability to clamp the Y-axis
rod. Using the same 14mm stock bar start
by drilling the 8mm hole through the bar,
remove any burrs and chuck the bar in the
lathe. Turn to 5mm diameter 16mm long
ready for cutting the M5 thread, this
thread is for the clamp and therefore an
undercut is not required. Cut the M5
thread and round the end to remove the
sharp edge. Add a small chamfer to the
newly machined face, remove from the
lathe and cut to length. Chuck the bar back

Rounded off edges of the pillar.

in the lathe but flipped around and turn to
% inch diameter 21mm long ready for
cutting the %-24UNF thread. This end of
the part also features an 8mm diameter
location spigot, which once machined fits
smoothly within the bore of the mount.
The purpose of this feature is to retain
some support and location of the part
when the locking nut is undone for
angular adjustments. Just relying on the
thread would mean the endstop assembly
‘flops” about when the lock nut is loose
making fine adjustments more difficult.
Turn the thread undercut and cut the
%-24UNF thread. | decided to thread cut
the %-24UNF thread (photo 5) as it
allowed me to make fine final cuts so |
could get a well fitting thread in to the
post, again to try to remove as much play
as possible between the mating parts. Add
a chamfer to the 14mm diameter and
clean up any sharp edges.

Swivel post on its own.

%-24UNF thread cutting.

Fig. 2

U’cut to thread depth ‘\
,
v —

r0.2 max

' . e N
z %
3 16 -~ =15 <
N 0
X =
[ee]
%)
o 0832
©om 0.5 x 45 0.1 8.0
33 Typ. 3 pl.
©
S Full rad.
Y
(
B B L B
'
21.0 22.0 16

10 www.model-engineer.co.uk

Model Engineers’ Workshop
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The Y-axis rod (fig. 3) requires the most
machining of the two rods as it has the
features necessary to provide a clamp for
the X-axis rod. The rod is made from 8mm
stock bar, chuck the bar in the lathe and
turn down to 5mm diameter 16mm long.
Cut the M5 thread and round off the end
face with a full rad. No undercut is
required on this thread as the position of
the clamp steps the lock nut away from
the finish of the thread. Remove the bar
from the lathe and cut to length. The
length of the rod can be whatever you like
and the length shown in the drawing is as
big as | could make it on my machine vice
before it would exceed the maximum
opening of the jaws. Chuck the rod in the
lathe and turn a full radius on the freshly
cut end. A 5mm hole is required 5mm
from the clamping end face to allow the
X-axis rod to pass through. Drill the hole,
check the 5mm stock material passes
through freely, and remove any sharp
edges that might inhibit a smooth sliding
on of the 5mm clamp.

Now would be a good time to make the
X-axis rod, fig. 3, especially if you use any
radius turning attachments to machine the
full rad on the end of the rods. The X-axis
rod is a plain rod with a flat face on one
end for locating up against the part
clamped in the vice and a radius on the
other end to break the sharp edge. The
length of the rod was chosen as this caters
for the furthest away that a small part
could be clamped in the vice away from
the side of the vice on which the endstop
is mounted.

The 8mm clamp (fig. 4) (named by the
diameter of the rod diameter it clamps) is
machined from 20mm stock material.
Chuck the bar in the lathe and turn the
outside diameter down to 19mm. Drill,
and then bore to 14mm diameter 23mm
long, this bore should be a sliding fit over
the 14mm diameter outer diameter of the
swivel post. To help with concentricity
(although not essential for this feature as
it is a clearance hole) drill the 5.5mm
diameter hole about 5mm deep. This
depth will be sufficient to leave a thru
hole once the part is cut from the stock
bar. Chamfer the bore and radius the
outer diameter edge. The type of radius
you add here is simply aesthetic and all
that is required is that the sharp edge is
removed. Either part-off in the lathe or, if
your parting off skills are as limited as
mine, remove the bar and free the clamp
from the bar stock using a hacksaw.
Chuck the clamp back in to the lathe and
clean up the face and radius the outer
corner.

The 5mm clamp (fig. 5) is identical in
design to the 8mm clamp so there is no
need to describe the machining of the
5mm clamp. To limit tooling swops and
fixture setup | made the 8mm and 5mm
clamps consecutively, both are compared
with each other in photo 6.

All that remains to complete the set of
parts are three knurled nuts (fig. 6) to
allow for finger tightening of the clamps.
The design of the nuts is very much up to
the builder and knurling can be replaced
with finger grips or spanner flats. | went

6]

Two clamps together.

for a knurled finish as it allows for fast
adjustment without additional tools.

The knurled nuts that secure the clamps
are identical in design and made from
20mm stock material. Chuck the stock bar
in the lathe and drill and tap M5 to about
10mm deep, this will be sufficient to
provide a thru hole when the nut is cut
from the bar. Turn a shoulder on the face
of the bar, adding a nice big corner radius,
and chamfer the outer edge, part-off or
saw the nut from the bar. | made an arbor
to allow me to mount the nut back in the
lathe to machine a large radius across the
face and a chamfer on the outer diameter.

Fig. 5
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Fig. 6
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These features are again just aesthetic but
make the endstop nicer to use and adjust.

You may have noticed that | have not yet
mentioned the knurl! Knurling is
something that | have not quite mastered
yet and does not appear to be coming
easily to either myself or my lightweight
equipment. After a couple of attempts and
to keep the job progressing (I wanted to
have the endstop fitting to the vice before
the Midlands Model Engineering
Exhibition which was a couple of days
away!) | decided to cheat and machine the
knurled finish using the mill using the 4th
axis and a 45 degree cutter. This produced
a nice clean finish and felt like a good grip
for tightening and undoing.

Assembled endstop.

December 2015

The third knurled nut is the odd one out
and has a ¥%-24UNF thread to thread on to
the swivel post. Both sides are faced off
square with no fancy radii and just a
chamfer on either side of the outer
diameter to break the sharp edge.
Assemble the parts as shown in photo 7

and mount to the vice. If you have drilled
and tapped both sides of the vice then
you can mount the endstop to either side
depending on the part being machined
and which side of the part upon which
you can find a convenient reference face
or edge. B
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* 55° & 60° thread cutting.
* Right and Left hand versions.
= Easy height adjustments

AUSTRALIAN MADE

* Available in six sizes from
8mm to 25mm tool height.
* Round and square Crobalt® cast alloy
tool bits also available.

* Tangential tool holder design.

* Extremely versatile and easy to use.

« Simple resharpening with supplied jig.

* Roughing and finishing cuts.

* Square shoulder facing.

* Round nose work(using round HSS).

* Variable tool point radius.

 Takes easily available 1/4” or 5/16”-
square or round tool bits.

Distributors in the UK and USA

eccentricengineering.com.au
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Gand MTools

The Mill, Mill Lane, Ashington, West Sussex, RH20 3BX,
Tel: 01903 892510 o
website: www.gandmtools.co.uk =

email: sales@gandmtools.co.uk

Lathes

Lorch LLV Bench Instrument Lathe, Collets, 1ph,
Pinacha S-90/165 Centre Lathe, Tooled, VGC, 3ph,
Pinacha S-90/165 Centre Lathe, Tooled, VGC, 3ph.

Myford Super 7B Lathe, Cabinet Stand, Tooled, 1ph, Excellent,
Myford Super 7B Lathe, Cabinet Stand, Tooled, Excellent, 1ph,

Myford Super 7 Bench Lathe, Gearbox, Tooling, 1ph,
Myford Super 7 Bench Lathe, Gearbox, Tooling, 1ph,
Myford Super 7B Lathe, Cabinet Stand, tooled, 1ph,
Taylor Metal Spinning Lathe, 3ph,

Lorch Plain Lathe with Collets, 3ph,

Bench Top Instrument/Watch Lathe, Possibly Pultra for restoration,

Victorian Cast Iron Treadle lathe, Circa 1898,
Southbend 14 2" Swing x 36” Lathe,

Drummond M Type Lathe, No Motor,

Petermann, Moutier Lathe Headstock for Restoration,

Milling Machine, Engravers, Jig Borers
Roland Camm Techsoft MDX-40 CNC Engraver, 1ph,

Dore Westbury Derived Vertical Mill, 1ph, For Restoration,
Centec 2 Horizontal Mill, Stand, 1ph,

Centec 2B Vertical/Horizontal Mill, 1ph,

Roland Camm PNC-2300 CNC Engraver, 1ph,

Ajax Bench Horizontal Mill, 1ph, Item,

Boxford VM30 Variable Speed Vertical Mill, 30 INT, 3ph,
Centec 2A Horizontal Mill, Stand, 3ph,

Boxford 500HSR High Speed CNC Router, 1ph,

Koepfer, Mikron & Wyssbrod Gear Hobbers (3) As one Lot,
Multigraver Bench Pantograph Engraver, 1ph,

Taylor Hobson Model D Pantograph Engraver, 1ph,

Drilling Machines, Tapping Machines
Meddings DTB Bench Drilling Machine, 1ph,
Amolco 2" Cap. Bench Drill, VGC,

ltem 80202652
ltem 80202342
ltem 80202341
ltem 80201988
ltem 80201595
ltem 80202606
ltem 80202594
ltem 80201046
ltem 80202183

Item 8894
Item 80202400
Item 80202381
Item 80202371
ltem 80202370
ltem 80202323

ltem 80202703
ltem 80202695
ltem 80202694
ltem 80202692
ltem 80202651
Item 80202558
Item 80202556
ltem 80202423
ltem 80202339
ltem 80201756
ltem 80201423
ltem 80201052

ltem 80202502
ltem 80202299

£ 750.00
£4750.00
£4750.00
£3250.00
£4250.00
£ 875.00
£ 950.00
£1650.00
500.00
750.00
150.00
550.00
450.00
525.00
75.00

Mmoot h

£ 850.00
£ 425.00
£ 550.00
£1850.00
£ 650.00
£ 375.00
£1400.00
£ 650.00
£ 850.00
£2750.00
£ 350.00
£ 350.00

£ 275.00
£ 350.00

Small HKS Bench Sensitive Drill For Restoration,
Northern Industrial Tools, 16 Speed Pillar Drill, 1ph,

Grinders, Linishers, Polishers

Duplex D29 Toolpost Grinder with Tooling, VGC, 1ph,

Clarkson Tool & Cutter Grinder, 3ph,

Black & Decker 6” Double Ended Bench grinder, 1ph,
Airmaster Imp Grinding Dust Extractor, 3ph,

User Made Bench Tool Lapping/Honing Machine To Clear, 1ph,
Amiet, Swiss, Bench Drill Point Grinder, 3ph,

Presses, Fly Presses, Arbor Presses
Archdale Small Bench Fly Press,

M.Stutzmann Swiss Bench Coining Press, VGC,
Sweeney & Blocksidge Double Column Fly Press,
Sweeney & Blocksidge No 6 Flypress With Stand,
Jones & Shipman bench Arbor Press,

Large Quantity of Flypress Punches, One Lot,

Norton No 2 Flypress,
Bench No 3 Arbor Press,

CV Heavy Duty Hand Bench Press,

Sheet Metal Equipment, Welders, Silversmiths, Coppersmiths
Durston Silversmiths/Goldsmiths Rolls with Stand,
Cavallin 120mm Silversmiths Jewelers Rolls,

Bench Cast Iron Sheet Metal Folder, Needs Cleaning Etc,

8” Bench Lever Shear,

5 Whitehouse Silversmiths/Art Metal hammers,
Whitehouse Silversmiths Repousse Hammer,

2 Silversmiths Hammers,

Whitehouse Silversmiths/Art Metal Hammer,
Whitehouse Silversmiths/Art Metal Hammer,
Sheet Metal Hardwood Tinmans Mallet, Unused,
Sheet metal Hardwood Tinmans/Silversmiths Cone Bossing Mallet, Item 80200252

ltem 80202261 £ 50.00
ltem 80201742 £ 285.00

ltem 80202478 £1050.00
ltem 80202426 £ 550.00
ltem 80202280 £ 50.00
ltem 80202274 £ 125.00
ltem 80202076 £ 50.00
ltem 80200195 £ 475.00

Item 80202365 £ 150.00
ltem 80202296 £ 750.00
ltem 80202277 £ 200.00
ltem 80202238 £ 475.00
ltem 80202162 £ 150.00
ltem 80202063 £ 500.00
ltem 80201993 £ 165.00
ltem 80201989 £ 100.00
ltem 80200200 £ 165.00

ltem 80202512 £ 675.00
Item 80201594 £ 300.00
ltem 80202056 £ 250.00
ltem 80201616 £ 120.00
ltem 80202553 £ 120.00

ltem 80202552 £ 45.00
ltem 80202551 £ 45.00
ltem 80200586 £ 25.00
ltem 80200583 £ 25.00
ltem 80200327 £ 12.00

£ 15.00




Heavy-duty Rollers

Will Dogget makes a tool suited to rolling large, narrow wheel rims.

The need for some heavy rollers
came about when | wanted to

roll some % x 1 inch steel flat for
some wheels on a garden trolley
that | was going to make. My
initial thought was to pull the steel
into shape in stages with it in the
vice but this ended up with small
flats on the steel. As | had already
made the workshop rollers by
George Thomas (ref. 1), | did think
of copying his design but after
scaling it up | decided it would
not be right for this type of job.
The only course of action was to
design one with the material that
| had to hand. The following is
how the heavy-duty rollers were
developed and made.

The concept

The idea was that the two bottom rollers
would both work together. This would
require some sort of drive system between
them. | decided on three gears, the one
in the middle of the train being an idler
so that the two lower rollers rotate in the
same direction.

The pressure roller would be pushed
down in between the two bottom rollers
so in use it would form the circle around
the pressure roller, as opposed to the

Sketch 1

Rough Sketch Of Rollers

December 2015

Finished heavy roller.

pressure roller coming up from the back in
normal designs. The pressure roller would
need to be removable. The front lower
roller would be the driving roller, with the
handle fitted to it with a clockwise
direction for the handle and as | am right
handed the handle would go on the right
hand side of the roller. What follows is an
account of the trials and tribulations of the
manufacture and development i.e. making
itup as | go along.

Gears

Having got the idea sorted out the next
thing was to select the gears to link the
rollers, the ones | used | had in a drawer
having found them some time ago and
thought they would be useful at some
point in time. The gears are 55mm in
diameter and 12mm over all in width, the
teeth are 8mm wide and are shown in
photo 2. As can be seen two of the gears
have bearings and pins. The pins were
removed, as they were not required, also
one of the bearings was removed. The
other bearing was retained in the gear,
as this would be used as the idler gear

The gears.

and the bearing saved having to make
one in bronze. Note that my final design
abandoned these gears for reasons that
will become clear.

To get the position of the holes for the
rollers | sketched them out on a piece of
paper this included the position for the
pressure roller this is shown in sketch 1.
This indicated that the two bottom rollers
would be at 90mm centres at this position
the rollers should give a tight circle if
required.

The side plates

The sides for the rollers were machined
to size as a pair. The sides are two pieces
of second hand aluminium with holes in
them, 20mm thick and finished 140mm >

15



Machining th

%

e sides.

wide and left at the original length of
270mm at this stage. The machining was
done with a fly cutter to give a good finish
off the machine (photo 3). | decided to
make the pressure roller and support slide
next as this would then give me an idea of
the length the sides needed to be.

The pressure roller

To make the pressure roller a piece of
50mm diameter steel, type unknown - but
it machined okay, was used. It was 120mm
long and the faces were finish machined
so all that was required was an axle. So
| then centred it in the lathe and drilled a
15 mm hole through, it this was supposed
to be followed by a 16mm reamer but
as | didn't have one | reamed it at % inch
(photo 4). This meant that the shaft and
bushes had to be made % inch as well, so
the next job was to reduce the 16mm bar
and shorten it to length of 1770mm.

The 16mm steel was placed in the 4-jaw
chuck and got to run centrally and then

Reaming pressure roller.

centre drilled both ends. Then using a
revolving centre it was reduced to % inch
dia. The % inch shaft was then put in the 2
inch roller using Loctite to secure it with
25mm over hang at both ends (photos 5
and 6).

The pressure roller
support slide

For the pressure roller support slide |
selected a piece of 35 x 96 x 200mm and
cut a section off just over 40mm wide,
photo 7 shows the section being cut.
This was clamped in the milling machine
vice by the 40mm sides, then a 20mm slot
was machined in the 356mm face to a
depth of 5mm on each side. Photograph
8 shows the end of the first cut and photo
9 shows the nearly finished first slot. After
the slots were cut one face was reduced to
4mm, this is the face that will be on the
inside off the walls and is intended to keep
the roller as close to the side as possible
(photo 10). When both slots and holes
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Cutting the slots in the support.
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Sketch 3
= 30 =
<
~
[o0)
@
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The finished supports.
were finished it was cut in half to give a -
slide for both sides of the frame (photo 138
11). The general arrangement and Sides
dimensions for the roller support slide
slots and holes are shown in sketch 2.
Now that the pressure roller support
slides have been made the length of the
sides was worked out as 138mm. The clamped to the bed of the mill with some sides were also machined. The bottom
pieces were cut over length (photo 12) packing under them. The slots are shown plate is one of the pieces that | cut from
then clamped in the milling vice and finish in photo 15 after the machining was one of the sides when sawing them to
machined to size (photo 13). done but before cleaning up. size. | clamped the parts together as a
The next operation was to mark out the trial and there was some fitting to be

sides as shown in sketch 3 for the slots he b I done as everything was a bit tight, but
for the pressure roller slides and the The bottom [ ate a few strokes of a file soon sorted it out.
holes for the rollers (photo 14). | | finished the bottom plate by milling Photograph 17 shows the pressure
machined the slide slots with a long- both ends to the finished width of 128mm roller and the support slides clamped in
series 2 inch end mill with the sides (photo 16). The bottom of the two position after the fitting.

B TN
Sizing the side plates.

The slots finished machined. Machining the bottom plate to size.
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The four bushes.

The side plate holes

To drill the side plate holes | clamped

the two sides together again and marked
out for three holes 10mm up from the
bottom. The top ones were clearance
size for Va4 UNF setscrews and the bottom
ones were tapped 2 UNF. These fixings
were only temporary, the holes were be
used to fix the sides to the bottom plate
later by transferring the hole position

to the bottom plate and then tapping it
for holding bolts. The two sides were
assembled using three socket head cap
screws then put onto the mill/drill, setting
the top of the side square to the table.
Using three clamps with some timber-
packing underneath they were clamped to
the table to drill the holes for the bushing
(photo 18).

The position of the first hole was
located with a centre finder then a spot
drill was used to drill a location hole. |
then moved 90mm to the position for the
next hole by indexing and this was also
spot drilled. A 1 inch drill was fitted in the
mill/drill, the bed way clamps were
tightened and the first hole was drilled.
The table was then indexed to the other
spot drill hole, the clamps retightened
and this hole was drilled. Photograph 18
shows starting the second hole and
photo 19 shows them finished.

18 www.model-engineer.co.uk

Both holes are drilled.

Machining the first bottom roller.

Testing for fit.

The bushes for the bottom rollers were
made from some phosphor bronze 14
inch in diameter (photo 20). This was
machined down to 1 inch diameter for
20mm (photo 21) and drilled just over
25mm deep (photo 22). They were then
parted off (photo 23) to an overall length
of 25mm. Photograph 24 shows all four
ready for deburring and fitting. After the
bearings were fitted they were reamed to
% inch. After fitting the bushes, the side
with the threads in it was drilled out so
that the screw holes in the bottom plate
could be marked out. To do this, the sides
and the bottom were clamped together
on a surface plate and the holes marked
though with a % inch transfer punch. The

The phosphor bronze for the lower bushes.

e

Testing the gear fit.

parts were then dismantled and the holes
were drilled and tapped 2 inch UNF.

The main rollers are of 2 inch diameter
steel, also of unknown type. One finished
at 92 inches and the other at 8% inches.
The longer one had the handle fitted to it;
photo 25 shows the start of turning and
photo 26 shows the first end nearing
completion. The dimensions for the gear
end on both rollers are 50mm overall,

% inch for 30mm and 16mm for 20mm,
the shorter roller’s other end is % inch
for 30mm only. The % inch dimensions
are to fit the bearings the 16mm is for
the gears. The longer roller has a % inch

Model Engineers’ Workshop



The other end of roller.

Cutting a keyway.

length of 60mm for both the bearing

and the handle. The rear roller is shown

in position in photo 27 and photo

28 shows the gear temporarily fitted.
Photograph 29 shows the other end of
the rear roller. The front roller is shown in
photo 30 after the turning was done but
before keyways were cut for the gears and
the handle.

The next operation was to machine the
keyways in the gear ends of each roller
(photo 31 and 32). The slots are for %
inch woodruff keys. After the keyways
were cut a Tmm groove was machined for
a circlip on the gear end (photo 33).
Photograph 34 shows the keyway and
circlip groove.

Gear keyway

The gear keyway machining was done
before the main rollers were made. | say
machining, they were in fact only held
stationery in the lathe so that | could use
a slotting tool to cut the keyways (photo
35). The slotting tool was clamped to the
lathe cross slide. Photograph 36 shows
the finished gear with keyway and photo
37 shows the handle end of the shaft.
The slotting tool used to cut the keyways
was made some time ago from a casting
that was supplied by College Engineering
Supplies (ref. 2).

December 2015

Heavy Duty Rollers ”

The main drive roller turning finished.

The connecting parts. The transfer parts.

E L7
Connecting gear

The connecting gear parts are shown in
photo 38. They consist of a flat plate 1

x Ya x 4 inch, with 8mm holes for fixing
screws at 70mm centres, 8mm down from
the top. The bearing bush is tapped M6
with a bolt to secure the bush to the plate
at the back. Two 30mm spacers are made
from 16mm diameter steel, drilled through
for 8mm socket head screws used to fix the
plate and gear in position over the other
gears. These are screwed into tapped holes
in the side at the geared
end. The assembled
parts can be seen in
photos 39 and 40.

The transfer parts assembled.

1. Workshop Bending Rolls, George H. Thomas.
Model Engineer, October 1976
2. College Engineering http://www.collegeengineering.co.uk

To be continued...
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K.Y SMOOTH, QUIET, HIGH PERFORMANCE VARIABLE SPEED

S\ CONTROL FOR LATHES AND MILLING MACHINES

Supplier to industry since 1987 of high power speed control systems from 100W to 2,200,000W,

MITSUBISHI INVERTERS from £122 inc VAT VARIABLE SPEED CONTROL PACKAGES
HIGH PERFORMANCE INVERTERS The 'original’ & best lathe speed control system.
| For serious machining duty. Pre-wired systems, and Inverter, Motor, Remote packages available

240V 1-phase input, 220V 3-phase output, for |to suit wide a range of metal and wood turning lathes, including;
you to run a dual voltage (Delta wired) three |MYFORD ML7, Super 7, BOXFORD, & RAGLAN lathes, Wood tumn-

phase motor off your 1-phase supply. ing lathes including; ML8 and MYSTRO and UNION GRADUATE.
Six sizes from 0.1kW (0.12hp) to 2.2kW(3hp). |Pre-wired ready to go!  Power Range: 1/2hp, 1hp, 2hp and 3hp.
Built-in user keypad, display and Speed Dial. Super smooth control across entire speed range, giving chatter
Unique Integrated Emergency Stop Function. free machining and excellent finish unattainable with 1PH motors!
Advanced Torgue Vector control for optimum Powered from domestic 240V Single Phase mains supply.
performance. High Reliability. Made in the UK, ISO9001:2008 Quality Assured,

Fully CE Marked and RoSH Compliant.
Compatible with our Remote Control station Pendants.
Supplied pre-programmed at no extra cost.

REMOTE CONTROL STATIONS from £66 inc VAT

Remaote control station Pendants suitable for use with §| -~ ...
all our Mitsubishi Electric and IMO iDrive Inverters.
Industrial grade push buttons and controls.
Featuring START, STOP, FORWARD, REVERSE,
RUN/JOG, & Variable Speed potentiometer.

3-wire control - Behawves like a No-Volt-Release.
Beware of low guality copies of our original tried
and tested controls.

Fitted with 2-metre length of control cable ready for |
connection to drive, and supplied with wiring diagram.

QOur Pre-wired Lathe Speed
Controllers are now covered by a
10-Year Warranty

Newton Tesla (Electric Drives) Ltd,

Warrington Business Park, Long Lane, Warrington, | b
Cheshire WA2 8TX, Tel: 01925 444773 Fax: 01925 241477 | VISA aster Card.

¢ MITSUBISHI
LN o' ELECTRIC

E-mail: info@newton-tesla.com
Visit www.lathespeedcontrol.com for more information.

Tracy Tools Ltd.
Unit 1, Parkfield Units,
Barton Hill Way,

= “
Torqusy Tq2 8JG
We ship anywhere me world Wmv. traCYtOO S.

PRODUCTS

« Taps and Dies ¢ Endmills

* Centre Drills e Lathe Tooling
e Clearance Bargains e Reamers
» Diestocks e Slot Drills
» Drill sets (HSS) e Specials
boxed » Tailstock Die Holder BN=EER
e Drills » Tap Wrenches

* Drill set (loose) HS e Thread Chasers

¢)Iracy Tools1ta T

Email: info@tracytools.com
Tap & Die Specialist, Engineer Tool Supplies www.tracytools.com




Myford ML7R

Power Cross Slide

Keith Wraight answers a perennial question — can power cross feed be fitted to an ML7R?

Standing at the lathe, a Myford
7R, taking a few thou off the front
of a face plate | was thinking
how nice it would be to have a

Myford super 7 machine with
power cross feed.

There seemed no prospect of a
mechanical modification as the
Super 7’s saddle and cross slide
is completely different to that
on the 7R and it would be a very
expensive proposition. However,
not wanting to be beaten | then
turned to thinking about an
electrically powered approach
and this seemed to be a much
more promising proposition.

The first thing to do was to measure
up the saddle, cross & top sides
and get the details into cad,
Turbocad 2015 in my case, and make a
start on assessing the possibilities. A list
of the requirements to be included in
any design was made before going any
further. The first requirement was that
any modification to the machine could
be reversed if required but any small
changes, such as tapped holes in parts
of the main body of the lathe, would
not veto the project. Next, all safety
requirements must be consideration at
each stage of the development, these to
include such things as limit switches, to
prevent any dangerous situations arising
from the modification. | also didn’t want
the modification to extend the cross
slide more than two inches towards
the operator, this because of the lack of
space in my workshop, probably well
understood by many model engineers. A
third requirement was that the motorised
unit could be overridden to allow manual
control of the cross slide as normal.

With these requirements in mind it was
back to the drawing board, cad in modern
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speak. The first requirement was could an
electric motor of appropriate voltage, size
and power be found and be available at a
reasonable price? After much searching
through catalogues and online | found
what seemed to be the ideal motor,
manufactured by ‘"MFA/combo drills’, and
available through a number of retailers; |
used ‘Rapid’ (details at the end of the
article).

Entering an outline of the chosen motor
into my initial sketches, showed that whist
it wold fit nicely and would couple to the
extended lead screw via simple pair of
bevel gears the problem of how to
disconnect the motor was still there. After
much doodling it was realised that with
the motor mounted vertically below the
lead screw it only required it to be
mounted on a slide to enable it to be
dropped down disengaging the bevel gear
and allowing the lead screw control
handle and dial to be used as normal. |
decided to mount the motor on a small
dovetail slide to enable it to move about a
quarter of an inch to disengage the gears.
At this point it was found that the
modification extended the cross slide

The completed unit, removed from the lathe.

handle about one and a half inches

towards the operator which was
acceptable.

It was now time to start the detailed
drawings. Figure 1 (overleaf) shows a
general arrangement of the unit with a few
dimensions to give an idea of the overall
size. | do not intend detailing the machine
operations during manufacture of the
prototype, we all have our own way of
doing things and have different facilities in
our workshops. Guidance will be offered
when felt it could be helpful. You will see
from my drawings that | still use imperial
measurements although | sometimes now
use metric fasteners.

Whilst this unit is designed for use on a
Myford ML7R it would be likely to fit all
other Myford models and also, with some
small changes, could be made to fit other
lathes of a similar size.

Main bhody

| had originally intended to make the
main body from an aluminium casting but
when | had drawn it out and calculated its

volume it was found to be too large for my >
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IML7 Cross Feed ”
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little crucible. | therefore decided to make Fig. 4
it as an assembly of three sections, front 1g. 0.876 —= ~— 5
plate rear plate and centre plate/chassis 0.335 [ B — |=-0.375
of aluminium extrusions and ordered the o
two sections of aluminium required. One 0.438 — %
length of 1 x 2.5 x 24 inch and a second at s
0.5 x 2.5 x 24 inch, the lengths chosen to /\ o 1
have a bit left for the odds and ends box. C) P !
These sections were cut and milled to the \J * o T
dimensions shown in figs 2, 3 and 4. It is ///\ \ o
best to carry out as much of the drilling, \\C /‘, _!
milling and tapping as possible before e -
gluing and assembly. | didn’t do this and
finished up having to extend drills and
cutters to work on the assembled item. r0.6656 | 3
The grade of aluminium used is HE30 and R -t — ™~
it machined very well to a good finish. The g
two bronze bushes, fig. 2, are inserted one o
from each side of the front plate in the 30.197
upper 0.5 inch reamed hole, see detail on R /ﬁ : —
drawing, and retained by either Loctite or ! } o
epoxy as preferred. The bush in the lower N2V T
0.375 inch reamed hole is retained in the % o Tl
latch plate so does not need to be inserted 2 L,
at this time. When all the machining is "J‘
done, the three pieces of aluminium can L
be assembled. * L
Four 15mm long 5mm dia. Cap head 90.375 1) - 0.222
bolts and J-B Weld are used after first Rei,“' Plate >
roughing up the joint area. Do not tighten Mat’l: Aluminium o
the bolts so tight that all the adhesive is
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The unit fitted to thé machine. Body of the unit.

Fig 5 s?ueezed oult. lt\J/Iakefsure ]Elhe thrt:e pieces
: ’<7 align properly by ref to a flat surface,
M3'375" M4 straight edge or use dowels if you would
5/16 hex. rather. Once the adhesive has cured a bit
0.425 g | [— of hand finishing is required to round of
Spacer x 2 the external corners and clean up. The
extent of this procedure is down to you.
The cap heads, counter bored into the
0.500 plates, needs to be filled level with the
2.000 plates using Isopon P38 or similar before
—— =0.125 . -~ 0.410 the hand finishing. Photograph 2 shows
r0.125\T 0313 - 0313 the unit in a trial assembly before
: * painting.
- N 1 Once the Body is finished it can be
painted a colour to match or contrasted
with your machine. | always use car spray
paints for this type of job and in this case
chose a can of Ford Meadow Green as a
good match for Myford green. First of all
the parts to be painted need to be
thoroughly degreased and then protected
until about to be painted. For degreasing |
Bronze bush use a liquid called Micro-90 which is
L | added to warm water and makes an
ﬂO.SOOJ — 0280 0.015—— r0.125 excellent degreaser. Aft_er a good
scrubbing rinse in running water and dry.
0.121 Next a coat of etch primer is applied. It is
great that etch primer is now available in a
Cover spray can, the one | used is called U-POL
ACID #8 and really seems to work well on
aluminium, usual disclaimer. When dry
follow up with a couple of coats of
ordinary grey primer and finally as many

0.250—

2.209

—0.158

1.356

T 17— T1T — —
o

0.683

@0.625

——

Neat cover, coats of gloss finishing paint as you feel
with maker’s are needed (photo 3).
monogram.

The cover

The item shown in photo 4 is used to
cover up the gear/latch assembly and also
to support the outer bearing of the latch
crank (fig. 5). The cover is manufactured
from 0.5 inch HE30 aluminium and is a
straight forward milling job. The X and

Y stops on the mill were set to assist in
hollowing out the back of the cover as
shown. The bronze bush is turned and
inserted through the 0.5 inch hole from
the inside and again retained in place with
epoxy adhesive. | have added a ‘Y’ stop to
my Warco mill and it has come in useful
so many times | wonder how | managed
before | fitted it.
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It can be seen from the photographs that
the front of the cover is embellished with
my logo. This was simply cut out with a
piercing saw cleaned up and stuck on,
again using epoxy. This is obviously a
personal preference and you could do
something similar or leave it plain as you
will. A bit of hand finishing again
improves the appearance of the cover and
the outer edges are rounded to match the
main body. When finished paint as for the
body. Two spacers are used to mount the
cover on the front plate of the unit. A
simple turning job from % inch hexagonal
mild steel.

Gear /latch assembly

Shown in photo 4 and fig. 6, the purpose
of the latch assembly and gear lever is
to raise and lower the dovetail slide, to
which is attached the motor complete with
the bevel gear. When in the fully raised
position, the over centre device locks
the slide in position, with the gears fully
engaged therefore maintaining the drive.
When in the lower position the motor/slide
assembly is held in place by gravity and
the drive is disconnected.

The mounting plate of the latch assembly
is made from a piece of 16 swg mild steel
sheet. A small brass block silver soldered
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to one corner, as shown in the drawing,
has an M3 hole taped through it to take
the over centre lock adjusting screw. |
turned a small spigot on the back of the
brass block to locate in a hole drilled in the
plate to locate it whilst soldering. The
bronze bush is turned from 3% inch bar to
the dimensions shown and fixed to the
plate with epoxy adhesive. Make sure
there is no adhesive left on the back of the
plate as that would stop the bronze
bearing fitting into the reamed hole in the
front plate and sitting flat on assembly.
The small crank is turned from EN1A free
cutting mild steel, ensuring that all
diameters are aligned, and a 0.125 inch
slot is milled across the centre 0.8in Dia.
disc to form the space for the loose
crankpin/conrod. The 0.1875 inch diam.
hole can now be drilled and reamed to
take the loose crank pin which is a 0.28
inch long piece of silver steel. The pin is
faced to length and can be left as it comes
as it is only ever turned a quarter of a turn
in use. The over centre con rod is made
from a piece of 0.125 x 0.3125 inch gauge
plate, again left soft. Both the holes are
drilled and reamed at 0.187 inch and the
ends rounded. The ends could be left
square as it would not make any
difference to the operation of the unit. The
distance between the two hole centres

sets the position of the dovetail slide when
the over centre locks. This should be close
to the dimension given but it should be
checked on assembly of the unit. The ‘gear
lever’ is made from two mild steel items
and a 0.75 inch diameter plastic ball
tapped 2BA or 5mm. photo 4. | made the
ball from peek, which is a nice fawn colour
plastic and it goes well with the green
paint. The nose and arm are simple
turning jobs, however the radial position
of the 2BA hole should be left until
assembly of the unit as it sets the position
of the lever when in use. The arm is a
short length of %6 inch mild steel screwed
2BA or 5mm both ends. | should mention
that the big end pin does not require any
form of retention as the large flanges of
the two bronze bushes prevent movement
in use. When complete the assembly can
be attached to the front plate with two M3
cap screws in the holes provided.

To be continued...

Radio Spares www.rsonline.com

Rapid Components www.rapidonline.com
MFA/COMO www.mfacomodrills.com
HP Gears www.hpcgears.com
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Rebuilding aWarco
Major Mill/Drill s

When Richard Smith brought an eighties mill-drill

out of storage, he found that it needed a bit of
work to get it up and running.

| bought my Warco Major Mill/Drill about thirty years ago and
it has been used quite a lot. It was dismantled when we moved
house and remained so for some time. When | reassembled it,
| found the motor had died. Space is tight in my new workshop
and with the pulley drive and motor hanging out the back |

had problems finding a space to putit. | decided that rather
than just replace the motor | would fit a new inverter based
drive with the motor located in front of the column allowing
the machine to go back against the wall. The new motor would
have a simple timing belt drive to the spindle. All the bearings
were well worn and needed replacing. The final result is

shown in the photo, right.

Assembly

Time to put it all together. One small
problem, having increased the plate
thickness to 15mm the pillars needed
shortening to keep the top of the plate in
the same place. | did the back two pillars
that sit on the factory machine faces on
the head first, and then one of the front
ones. | put the clock gauge on top of the
spindle and by rotating it by hand could
check the runout (photo 34). A little fine
tuning and its pretty good. The fourth
pillar was then adjusted to fit its space.

Two problems when | tried to assemble
it all. Firstly the back two mounting holes

were a little tight so | marked them for
easing. Bear in mind that the hole

Testing runout.
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positions were originally for the guard
and somewhat randomly drilled, and that
| had measured them with some
difficulty, then drilled them through the
drawing printout, so | didn't feel too bad
about a little adjustment. Secondly, it was
obvious that the timing belt centres were
a bit greater than had been indicated so
the motor mounting slots would be better

Alloy plate finally fitted.

The restored machine.

a bit longer. To make these alterations |
had of course to refit the MDF plate. |
must admit | began to wonder why |
hadn't just stuck with it and saved myself
a lot of bother. Finally the plate was
mounted (photo 35). And then the drive
(photo 36). | counterbored for the front
two caphead screws to keep the plate
clear in this area.

i
Motor in place.
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Clamp plate with...

Guarding

To make the guard | bought two pieces
of 1.5mm Aluminium 125mm wide. One
piece was to go on the right hand side
and one on the left, with both bent pieces
to be fastened on their top edges to the
motor plate with screws into tapped holes.
The right hand piece needed a simple
90 degree bend but the left hand piece
needed two low angle bends accurately
spaced. | looked at various bending jigs on
the internet but there were two problems,
the cost just to make three bends and
how to space the partial bends on the left
hand piece. In the end | decided to make a
jig specifically for the left hand piece and
which could be used for the single bend
right hand piece.

| had some 6mm diameter silver steel
which | decided would be suitable for the
inside radius of the bends and also some
10mm thick steel that | planned to use to
locate and support the rods during
bending. The rods would sit in steps 6mm
deep accurately spaced apart so that the
bent guard would fit the motor plate. To
find the spacing of the steps | drew the
part of the motor plate that the guard was
to go around and then drew two 6mm
diameter circles inside touching the edges
(fig. 3). | then drew the stepped plate (fig.
4) and rounded off the spacing to 60mm.
The steps were 6mm deep but reduced to
5mm wide to allow overbending for the 90
degree bend. | machined up this former,
added a clamp plate held with two M6
bolts, and attached a piece of scrap 20 x 50
MS to the clamp plate so that it could be
held in a vice (photos 37 and 38). The
piece to be bent goes between the stepped
former and the clamp and photo 39
shows the right hand piece being
clamped. When bending the 6mm rod
goes under the aluminium and is located
on one of the steps.

To make the bend a pressure plate
presses the aluminium against the rod and
rotates around the rod thus forming the

Pressure plate and handle.
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Mill Drill Rebuild ”

Lining up for a bend.

Fig. 3 3 68.504 .
Positions of the @6mm rods
for the inside of the bends

Fig. 4

Former to locate the @6mm rods

\j rﬁ/

Guard clamped to this face to bend

‘ 59.934 ‘

bend. The rod forms the pivot. Again this
is made up from scrap and is shown in
photos 40 and 41. The pressure plate is
attached with three countersunk screws to
a back piece which has two holes for the
two adjustable carriers for the 6mm rod.
The rusty bit of steel forms a handle (jig is
mostly scrap). In use the former is held in
a vice with the aluminium sticking out, the
pressure plate goes under the aluminium
and the rod on top. Push the rod home
into the step on the former and hand
tighten the two nuts on the carriers. The
pressure plate is now pressed against the
underside of the aluminium. Press the rod
firmly into the step and lift the handle and
the aluminium is bent around the rod.

i o o nr

Carriers for the 6mm rod.

Photograph 42 shows the completion of
the 90 degree bend. | filed a radius on the
corner of the motor plate and the bent
piece fits nicely.

To bend the other side to the right angles
| used my grandfathers pocket rule as a
guide. The bent piece is shown in photo
43 with the rule in place to check the
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.Preparing for second bend.

angle. The right hand guard was trimmed
to size (using a small milling cutter) and
the edges trimmed where necessary to
give a good fit. | then drilled pilot holes in
the guard, placed it in position and drilled
through into the motor plate. Tapped the
holes in the motor plate and opened up
those in the guard to suit the M5 pan head
screws used to fasten the guard in place
(photo 44). A similar procedure to fit the
left hand guard (photo 45). | machined a
scrap of 15mm aluminium to fasten the
bottom edges of the two sides together.
This left a hole on the underside where
you could put your hand up. | trimmed a
piece of the MDF template used earlier on
and fastened it into an existing hole in the
head casting to block this off (photo 46).
The completed guard is shown in photo
47. | may replace the MDF with aluminium
some time (but perhaps not).

Controls on the head

This left me with just the irritation of
operating with the inverter keypad.
Everytime you put power on the frequency
starts at zero and you have to wind it up
with the touchpad. To make a remote
control pad | bought a 1k potentiometer
and an on/off switch together with
a plastic box from Maplin. The box |
mounted on the head using the two
screws that had held the original control
switch. The pot and switch were mounted
in the box lid. You can see the control box
mounted in photo 1.

| needed 5 cores for the signals and | was
sure | had a part reel of multicore screened
cable somewhere. My garage is rather full
and it took rather a long time to find it. It
turns out | have two boxes with cables in
them - in totally different places in the
garage. | also thought | had suitable cable
glands — and | did eventually.

In case anyone has a BSL Electron
Inverter FVR-G5S-7 these are the
connections | made:

® Red to terminal 13 and to the left
terminal on the potentiometer

e White to terminal 12 and to the middle
terminal on the potentiometer

e Black to terminal 11 and the right
terminal on the potentiometer

e Green to CM terminal and the common
terminal on the switch

¢ Blue to FWD terminal and to the normally
open terminal on the switch

You also need to link THR to CM in the
inverter.

So everything was connected up and it
didn't work. You have to program the
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MDF filler piece.

inverter using the keypad by pressing PRG
and then scrolling through the codes by
pressing SHIFT. This changes the first two
digits of the code. You use the up/down
keys to change the second two digits and
press SET to set the code. Pressing PRG
takes you out of program mode. The
codes to set are 1900,2501, and 2700. Do
not make my mistake and set 2701 which
is listed as 'Remote control panel' because
it doesn't work!

All finished.

The completed work is shown in photo
48. This also shows how the base of the
mill now sits against the wall — one of the
main original objectives. | shall probably
fit digital readouts on the Y and Z axis
next, and then | am thinking of fitting
stepper motors to the table to provide
power feeds. B

Ready for
action.
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OF VARIABLE SPEED MILLS e
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e Captive drawbar to eject tooling e Motor 500w
e Available with metric or imperial leadscrews
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Number of speeds Variable
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TheWorld

Maker Faire 2015

Andy Clark won a trip to New York to visit the World Maker Faire.

Earlier this year | entered a design challenge to ‘add enchantment to an

everyday object’. My idea was to internet enable a traditional weather
house (photo 1). | took apart the simple catgut based mechanism and

replaced it with 3D printed parts, a micro-servo and electronics modules
to control the movement and connect to the internet. After 16 weeks of
building and writing about progress, my project came out top and | won a
trip to the World Maker Faire in New York.

he Maker Faire is based in the
I New York Hall of Science and

surrounding park land. It's on the
site of the old World's Faire and hence
there are some great things to see such
as the Unisphere (photo 2) and the
now decaying observatory buildings. |
visited those before the show opened on
Saturday morning.

Whilst we were waiting for the gates to
open, we were serenaded by a stilt
walking jazz band accompanied by a giant
dancing cardboard dinosaur (photo 3).
Throughout the day we had a variety of
bands performing around the site and
people wearing unusual costumes. There
is a lot of silliness and craft at a Maker
Faire but there is also a lot of engineering
and mechanical skill.

Unisphere.
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One such example is the jet powered
go-kart made by Christopher Tomko of
Amateur Turbine Propulsion (photo 4).
The engine uses parts from a turbocharger
along with welded stainless steel ducts.
Chris says that he likes the simplicity of a
turbine in comparison to an internal
combustion engine. It's his second engine
build and it took 10 months to construct.
He also showed examples of machined
turbine blades he was working on.

Other vehicles on show included a pair
of multi-user multi pedal cycles (photo 5)
and a range of electric cars (photo 6) that
were competing in the Power Racing
Series. These wacky racers had to
navigate a narrow course with tight
twisting bends as fast as possible and then
stop within an eighteen feet box. The

Andy with his project.

Winning the Maker
Faire ticket and trip was
a fantastic prize and |
thoroughly enjoyed the
weekend. There was loads
to see for all curious minds
and it was amazing how
much people had achieved
with sometimes little
knowledge or skill.

other criteria was that the car must fitin a
size limit and not cost more than $500 to
make. On Sunday, Charles Guan from MIT
gave us advice on how to make your own,
including a top tip that it's easier to repair

things if you did not make them with 10

different sizes of screw.
No faire would be complete without

some Stirling engines, and this one is no

Model Engineers’ Workshop



Stirling engines.

exception with some fine examples from
John Schneider (photo 7). John has
been scratch building hot air engines for
the last 20 years. His low temperature
models are so sensitive that they can run
from the heat in his hand. The smallest
model is the size of a US dollar, about
25mm in diameter. It took him a year to
design and build that, and it's won
awards around the country.

December 2015

Equally well engineered were some of
the robots on display such as the big
wheeled rover built by Greg Brill from
Infusion Drive Systems, robot arms from
Hadlington Dynamics and Jeffrey
Boerner's 12 foot long Tobor the Great
which incorporated ‘haptic feedback’ so
you could feel what the robot was
manipulating. The schools had also built
some top robots for the FIRST robotics

World Maker Faire

Robots with balls.

competition. Teams of children had
designed and built the remote controlled
robots over a period of six weeks. Each
year is a different challenge and this year
was throwing and catching balls. The
examples on show at the Maker Faire were
the best of those that had been entered in
the competition and were impressive to
watch in action and could throw a large
ball several meters (photo 8).
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Mousetrap.

One of the biggest creations at the faire
was Robot Resurrection, a 30ft tall
sculpture made by Shane Evans (photo
9). It was assembled from old aeroplane
parts. Robot Resurrection seems cheery
but you wouldn’t want to get in the way of
his dual flamethrowers. Another kinetic
sculpture was Adrian Landon's mechanical
horse, a welded fabrication of steel tubes,
panel beaten sheet metal and chain
geared mechanics (photo 10). As the
gears were turned the horse galloped in
mid air.

My favourite fabrication had to be the
Life Sized Mousetrap (photo 11) this was
made from scrap metal and old lift parts. It
took Mark Perez 14 years to build and he
built it in his backyard. It all packs up into
a lorry and is shown around the country. It
takes four days to assemble and two more
to pack it away again. In a similar manner
to the original board game it's based on
modules connected together with triggers.
Mark and team demonstrate the operation
of the machine in the form of a show with
audience participation and music. The
machine does not always work perfectly
but the clown engineers are on hand to
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give it a shove. The final piece rather than
being a mouse cage is a 2 ton safe that's
winched up with a stiff legged derrick
crane that Mark built himself (photo 12).
You can feel ground shake when that
comes down!

The weekend was packed with talks and
presentations spread over six different
venues. | attended a few of these including
the splendid Les Machines de L'ile de
Nantes who explained their giant ride-on
mechanical elephant project as well as
their upcoming stork tree which is inspired
by the works of Jules Verne. | also listened
to Mike Daly and Peter Heinz from PS 143
who have introduced boat building to their
school. They have their youngest children
assembling simple plywood model boats
and their older kids have built a real boat
that can be used on the nearby lakes. It
was fascinating to hear how the simple act
of a team of two young kids using screws
and a screwdriver could help cognitive
and communication skills as well as the
more obviously physical ability.

Education played a big part of the show
with many local schools attending and
showcasing their projects. However, there

5 — -

Mousetrap with safe and crane.

were also several providers of adult
education in the form of short courses in
woodwork, metalwork and sewing. There
were also many Makerspaces represented
offering use of tools and space for a
regular fee. For those who were more
interested in the results than the process a
large number of 'Fab Labs' could build you
parts using 3D printers or laser cutters.
Not unexpectedly 3D printing featured
heavily. There was a whole section
dedicated to 3D printing but also printers
were visible or had been used in many of
the projects such as jewellery at the craft
stalls to 3D printed mechanisms for Mario
the Magician. There were numerous
examples of models created with 3D
printing. Fred Kahl's giant diorama of a
castle and crowds was outstanding and |
visited that several times (photo 13).
There also seemed to be a competition
for the bigger printer with the Italian Trade
Association stand having a large number
of jumbo sized printers, Gigabot had a
machine which they claim to be the

Model Engineers’ Workshop




Where next?

December 2015

3D printed castle.

world's first affordable toilet-sized 3D
printer (photo 14) and | also saw an even
larger 3D printer that was taller than me.
Filament recycling and re-extruding was
also popular with several devices on show
to help keep down the costs of printing
failures (photo 15). | also caught the end
of a talk on how to design parts to reduce

World Maker Faire ”

Filament recycling.

failures in the first place. It was such a big
site with so many distractions that
sometimes it was difficult to be in the right
place at the right time (photo 16).

There were several examples of multi
headed devices on show. A 3D printing
extruder could be swapped out with a
small milling head or drag knife (photo
17). I've yet to be convinced by these
machines, as the mechanisms don't look
robust enough for any serious milling and
wonder if there would be calibration
issues as the heads are swapped.
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Electronics zone.

Coke and Mentos.
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When you talk to makers they think of
CNC as being a flatbed router rather than a
mill or lathe. They are also biased towards
rapid prototyping techniques rather than
heavy engineering. | suspect that this is
the reason that there were no suppliers of
conventional lathes and mills. However,
there was a new CNC mill, the PCNC 440
from Tormach at the Faire that actually
had the ability to cut metal. Dremel were
present, showcasing their handheld
devices (photo 18) and new 3D printer.

Electronics and computing featured
heavily at the show with big stands from
Atmel, Microsoft and Google (photo 19).
Atmel are the chip makers who make the
microcontrollers in many boards such as
the Arduino series. That part of the fair felt
a bit like a trade show where as the rest
was more like a village fete.

The weekend finished with splashy
grand finale. After the show was finished,
we headed over to the Unisphere to see
Fritz Grobe and Stephen Voltz creating

By the Big Robot.

fountains to music with the help of a few
hundred bottles of coke zero and mentos
sweets (photo 20). They explained how
the reaction worked due to lots of CO,
bubbles forming on the tiny pits on the
sweets and how shaped nozzles controlled
the height and direction of the fountain.
We were also advised on the challenges of
gluing PVC pipe to PET bottle tops and
they recommended 3M DP-8005 Structural
Plastic Adhesive for that job.

Winning the Maker Faire ticket and trip
was a fantastic prize and | thoroughly
enjoyed the weekend (photo 21). There
was loads to see for all curious minds and
it was amazing how much people had
achieved with sometimes little knowledge
or skill. It's a long way to go for a weekend
so I'd recommend combining it with a
longer trip. I've been told that the Detroit
Faire has a lot more vehicles and the Bay
Area Maker Faire at San Francisco is even
bigger than the New York show. &
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Designing Springs ~ Visually

Linton Wedlock explains the use of a nomogram

to find the wire stress in a spring

he first thing to say about
I nomograms is that they are easy

to use, even though the term
itself may give the opposite impression.
They are graphical representations of
mathematical relationships, and although
the mathematics behind them may be
highly complex, using a nomogram is
not. It's almost certain that you have
used this type of chart before, as any
two scales plotted side-by-side as
measurement converters are a simple
form of nomogram; examples are: mile/
kilometre and centigrade/Fahrenheit
conversion scales.

Two nomograms are described in the
last articles of this series - one to find the
wire stress in a spring, and one to
determine the spring rate. Mostly, they
would be used to get some accurate
spring parameter values after the initial
design stages have been done with charts
1 and 2, but they can also provide an
independent check of the results obtained
from the first two charts. The nomograms
are a visual method of doing the
calculations that were described in part
two. The mathematics involved with this
was a relatively lengthy process, but the
same task can be done with a nomogram
in only a few seconds.

The wire stress chart in this article is an
alternative nomogram to that shown in fig
16 in ref 1. This diagram in the book
should be treated with caution because it
gives stress values that are on average 10
percent too low, but in some cases the
values can be underestimated by more

The first two charts in this series - showing the load and rate
characteristics of springs in graphical form - may be all that is needed to
design a satisfactory spring for an undemanding application. However,
if some further refinement in the design is required, this can be done
with alternative graphical charts called nomograms, and one of these is
shown in this article for finding the wire stress in a spring.

Part 3

than 30 percent. In contrast, the large size
of chart 3 provides results which are quite
accurate; if used with care, it should give
stresses which differ by no more than two
percent from their true values, and this is
more than adequate for spring design
work. Readers with ref 1 to hand will
notice that chart 3 has a different layout
compared to fig 16, and this provides
some advantages (a nomogram can be
drawn in an almost unlimited number of
ways, providing the underlying
mathematics is followed).

The construction of nomograms was a
completely new subject for me, so at this
point | would like to acknowledge the help
provided by The Art of Nomography by
Ron Doerfler. This is given as ref 2
because it contains some interesting
comments on the many different types of
nomogram (although it is very
mathematical in places).

Using the wire
stress nomogram

Chart 3 (see page 64) combines
equations (1), (2), (4) and (5) (shown in
part two) graphically in one nomogram.
It has four separate scales, one for each
parameter that influences the stress in a
spring’s coils. The four scales are used

in two pairs, and the grey and green
shaded areas indicate which scales go
with each other; in the two-step procedure
for using the chart, do not mix a green
and grey scale together (this would only
produce meaningless results). One thing
to note is that the values on two of the
scales increase in an upward direction,
and with the other two scales, the values
increase downwardly. When | first started
using spring nomograms, | found that it
was sometimes easy to forget this, and
the descending scales could be misread
occasionally. These two scales therefore

sllajald
c
=

=]
T

I"‘_E‘-'\‘F -
=3
5:%5 P

[ =
==
]

Fig. 9

0,045

30 ~_1=0.040—19)

(Pivot Point '

PO LA S T el B |

36 www.model-engineer.co.uk

Model Engineers’ Workshop



have a series of down-arrows as a
reminder. The chart has both imperial
and metric scales, and it’s possible to use
both systems at once, for finding a metric
load of a SWG wire size, for instance.
Don’t, however, use an imperial value on
a metric scale, or vice-versa. It's an easy
mistake to make - | write from experience!

The nomogram is used with a rule or
other straightedge, and it’s helpful if this is
made from clear plastic so that the
underlying scales can be seen; the
technical name for this tool is an isopleth,
or index line. Perhaps the best way of
explaining how nomograms are used is
with an example: Suppose a spring made
from 22 SWG wire has a mean coil
diameter of 0.28 inches. If the spring is for
an undemanding application (‘average
duty’) with a maximum load of 1.6 Ibf, will
the stress in the coils be at a safe limit if
the spring is made from carbon steel wire,
or alternatively with bronze wire?

From the wire diameter scale in Chart 3,
22 SWG wire has a diameter of 0.028
inches. Dividing the mean coil diameter
(0.28 inches) by this value gives a coil
ratio, C, of 10. Place a rule accurately on
Chart 3, so that it touches the 22 SWG
arrowhead on the wire diameter scale, and
also the value 10 on the C scale (Line 1,
fig. 9). Draw a short, light line with a
sharp pencil at the place where the rule
crosses the reference line. This point is
called a pivot point. If the rule is now
rotated around the pivot point, it will
show all possible load and stress value
pairs for the spring, where the rule crosses
these two scales. For this example, put the
rule so that it touches both the previously
marked pivot point and the 1.6 Ibf value on
the load scale (Line 2, fig 9). You should
find that the rule crosses the shear stress
scale at a point just short of (above) the 60
value mark. The wire stress in this
example is therefore about 60,000 Ibf/sq.
inch (the stress values on the chart should
be multiplied by 1000 to get the true
stress, but this can usually be ignored
unless the values are used in calculations,
for example).

For convenience, the maximum working
stress table shown in part two is reprinted
on chart 3. From the table, it can be seen
that the stress value of 60 (x 1000 Ibf/sq.
inch) is less than the range of 75-95 given
for ‘carbon steel, average duty’, so a
spring made from this metal is certainly
within its stress limits. On the other hand,
the table shows that the range for ‘bronze,
average duty’ is only 45-50, and less than
the value 60 found from the chart, A
bronze spring with the same coil diameter
and wire size would therefore not
withstand a load of 1.6 Ibf.

A second example

Spring design work is not always a
simple procedure of looking up some
parameters on a chart, and | hope that
the next example of using the nomogram
will begin to give a flavour of what can be
involved.

If a IC engine valve spring made from
piano (music) wire has to withstand a load
of 20 Ibf, what would be a suitable
combination of the mean coil diameter
and wire size? This example is not so
straightforward. Here, the maximum
working stress depends on the wire
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Visual Design of Coil Springs

diameter, but this diameter can’t be found
unless the stress is known! Problems like
this, though, can be solved with a little
initial guesswork, followed by some
refining of the design. This is where
nomograms win-out over calculations,
because the fine-tuning can be done
simply and quickly by moving the isopleth
over the chart.

The value range in the stress table for
‘music wire, ICE valve springs’ is 80-110 (x
1000 Ibf/sqg. inch). The first value in the
range, 80, is for 0.08 inch diameter wire.
Ill start with an assumption that the spring
can be made with wire that is no thicker
than this, so the spring can therefore
withstand any stress up to 80,000 Ibf/sq.
inch. Put a rule on chart 3 so that it
touches the stress scale at 80, and also the
required value of 20 (Ibf) on the load scale.
Then mark the pivot point where the rule
crosses the reference line. Rotating the
rule around the pivot point will now show
any combination pair of the coil ratio and
the wire diameter on the relevant scales.
The only limits are that the wire should
not be larger that 0.08 inches (14 SWG) -
the assumption made above, and the coil
ratio should (preferably) be between 5 and
14 (a constrained coil diameter in the
required design could further limit the
choice). You should find that rotating the
rule around the pivot point will give the
following wire size and (approximate) coil
ratio pairs: 14 SWG/8.5, 15 SWG/6.6 and
16 SWG/4.9. Multiplying the wire size and
the coil ratio together for each pair gives
mean coil diameters of 14 SWG: 0.68 inch,
15 SWG: 0.48 inch and 16 SWG: 0.31 inch,
and any of these combinations would be
suitable for the spring in this example
(space permitting).

Note, however, that the 15 and 16 SWG
wires can withstand slightly higher
stresses than the value for 14 SWG used in
this example, and this may be helpful in a
design. Taking 16 SWG for example: from
the wire diameter scale on chart 3, this has
a size of 0.064 inches. The maximum
stress for this wire size can be estimated
from the same 80-110 range (for 0.08-0.01
inch wire) that was used before; I'll use
88,000 Ibf/sq. inch (I've actually taken this
value from ref 1, fig 6 which is a bit easier
to use). Putting a rule between 88 on the
stress scale and 20 Ibf (the same as
before) on the load scale, results in a new
pivot point on the reference line which is
about % inch (3 mm) lower than the
previous one. If you now put the rule
between this point and the 16 SWG value
on the wire diameter scale, it will cross the
coil ratio scale at (about) 5.6. 16 SWG is
0.064 inches, and multiplying this by the
new coil ratio gives a mean coil diameter
of 0.35 inches. This is not greatly different
from the previous value of 0.32 inches (an
internal diameter increase of about s
inches), but this refinement, using the
revised stress value, may be just enough
to allow the spring to be made from 16
SWG wire when it has to fit around a rod
of a specific size.

Further comments

Chart 3 is easy to use, but it would be
worth trying many examples on it before
attempting some serious spring design
work (I found that the results obtained
with the chart became more accurate with

practice). It's easy to make up exercises,
and you could also try the examples in ref
1 (bearing in mind that the results found
from the nomogram in the book will differ
by as much as 30 percent from those
found from chart 3).

There isn’t really much more to be said
about using the stress nomogram, but I'll
just finish the article with a few notes
about the chart:

1. Fig 2 (in part one) can be used as a
visual guide so that non-SWG wire
sizes can be located on Chart 3's wire
diameter scale.

2. Readers familiar with logarithmic scales
may notice some apparent distortion in
the upper part of the coil ratio (C) scale.
This isn't a mistake; it occurs because
the scale includes an adjustment for the
K1 correction factor, and this tends to
shift the coil ratio values, particularly
the lower ones, upwards.

3. Compared to the nomogram in ref 1,
chart 3 uses a different metric scale for
the shear stress; that is gigapascals
(GPa) instead of newtons/sq. millimetre.
Most metric charts now use this
preferred unit. One pascal equals
one newton per square metre, and a
gigapascal is a billion (1,000,000,000)
newtons/sg. metre. Newtons/sq.
millimetre can be converted to
gigapascals by dividing the value by
1000.

4. If you use the chart a lot, the reference
line may soon get cluttered with
marked pivot points. An alternative
method | use is to press a narrow,
pointed tool - a scriber for example -
lightly against the chart at the pivot
point (photo 4). As the straightedge is
rotated around the pivot point, it can be
kept physically in contact with the tool,
and this is a very quick and accurate
way of using the nomogram.

ol

This series will conclude next month
with a nomogram to find the spring rate

and a spring design example.

2. Ron Doerfler, The Art of Nomography,
can be found at this website: www.
myreckonings.com/wordpress as both
web pages and in PDF format.
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CHESTER

Machine tools

Clwyd Close

Hawarden Industrial Park
Hawarden, Chester

CHS5 3PZ

ORDER LINE: 01244 531631

626 TURRET MILL
Drilling Capacity: 20mm

Table Size: 6" x 26"
%

Speed Range:
190-2100rpm
We i

MT3 / R8 Spindle
Drawbar, Worklight.
2 Axis DRO &
Powerfeed fitted

NOW: £2976

CONQUEST MILL
STANDOARD

Drilling Cap: 13mm
Table Size: 460x120mm
Speed: 100-2500rpm
MT3 Spindle

Tilting Column,

Fine Downfeed,
High/Low Gear

NOW: £499

NOW: £699

Winter Offers

DB7VS LATHE

300mm Between Centres, 180mm Swing
Digital Spindle Speed Readout, Hardened &
Ground Vee Bedways, Offset Tailstock, Thread
cutting & Longitudinal Power Feed.
Standard Accessories: 3 & 4 Jaw Chucks,
Steadies, Machine Tray,
Change Gears, =

g |

Rear Splash Guar

DBB8VS LATHE

400mm between centres, 210mm Swing,
Spindle Speed Range 50 - 2000rpm, MT3
Spindle. Includes 100mm 3 & 4 Jaw Chucks,
Steadies, Digital Speed Readout.

DBE10 SUPER LATHE

550mm Between Centres, 140mm Swing, Pow-
ered Crossfeed, Digital Spindle Readout, Offset
Tailstock, Thread Cutting, Yariable Spindle
Speeds. Available with Open or Closed Gear Box

*ly

Open or Closed
Gearbox Available

iﬂ

3

DBNVS LATHE

125mm 3 & 4 Jaw Chuck, 700mm Between
Centres, 280mm Swing, Steadies, Lathe Tool
Set, Digital Spindle Speed Readout

NOW: £1389

NOW: £945 NOW: £1225
SHOT BLAST CABINET |10pc PRECISION CLAMP KITS
PARALLELS CKL,2&3
SBC90
NOW:
£102
SBC220
NOW:
£270 NOW: CK1 £36 -
NOW: £35 o |CK2 £41 - CK3 £43 o

4" X 6" BELT & DISC
SANDER

Belt Size: 4" x 36"

Disc Size: 8"

Motor: 0.37Kw / 1.16Hp
Speed: 2850rpm
Sparn Seits & Disc

Papers Ans Available
Te Purchase Separately

NOW: £90

Free Dellvery on all toolling and accessories (showing the* badge) to UK Mainland addresses.

Order Online:

WWW.CHESTERHOBBYSTORE.COM

P PayPal

or phone: Q1244 5316351

Offers must end 30" November 2015

vsa [

E&OE



4 CHESTER

Machine tools

Clwyd Close

Hawarden Industrial Park
Hawarden, Chester

CH5 3P7

ORDER LINE: Ol124d4 531631

Free Dellvery on all tooling and accessorles (showling the ‘ﬁ badge) to UK Malnland addresses.

1-2-3 PARALLEL
BLOCKS

2" V BLOCKS

3 1/2" OPEN ANGLE

ol

31/2" WEBBED
ANGLE PLATES

NOW: £60

- S ' —\- .
NOW: £15 # NOW: £15 d NOW: £20 * NOW: £20 Q
BORING TOOLS - CENTRE FINDER SET CLAMP & DIAL DRILL PRESS VICES
2/8" & 1/2" GAUGE
DP8O 4
NOW £13
DP100
NOW £15
NOW: £15.28 OP125 ”
y NOW £22
& £18.34 off |NOW: £5.94 off | NOW: £35 o4 ok
Spc INDEXABLE HAND E ARBORS HORIZONTAL VERTICAL SCALES
REPLACEMENT TIPS SCALES e ﬁ
1/4” | 6mm NOW £15.60 .
- NOW £35.29
5/16" / 8mm NOW £15.60 :I ,
3/8° /1 omm NOW £17.00 E u ,'30‘:; 223’?:"2 '
Sie 1t 8. 30871 2000m, 4% 1 100mm NOW £29.18 8"/ 200mm
Also Available 6" £ 150mm NOW £31.90 NOW £45.74
8" / 200mm NOW £41.83 12" / 300mm
i_-_m é NOW: £34 é 12" 7 300mm NOW £51.35 * NOW £67.40 ﬁ
INDEXABLE LATHE INTERNAL BORE K SERIES VICE KEY DRILL CHUCK &
TOOLS : GAUGES K SERIES 100 ARBOR
8mm NOW £80
NOW £37
10mm K SERIES 125 ' MT1- 0.6-6mm
NOW £40 NOW £95 NOW £10
Y3mea MT2- 1-10mm
NOW £48 K SERIES 150 :?;v _§13‘3 %
16 " NOW £125 - 3-16mm
Non\;vm£54 ! NOW: £19 J # NOW £29 g
LATHE CARRIERS MAGNETIC BASE MAGNETIC BASE & MEASURING TOOL
Bent & Straight Tail DIAL GALUGE SET
Metric or
ﬁ d Imperial
1/2" NOW £2.50
3/8" NOW £3 G
1.5 Now £7.45 off | NOW: £12 off | NOW: £30 off | NOW: £40 ol
MICROMETER SETS MULTI HEAD LIVE POZI LOCK COLLET SLITTING SAW
CENTRES SET with 4 collets ARBOR
‘\\ : (Metric/Imperial) *
' MT2 ¥
\ \% NOW £88 h l
' J:’F = Nowigs MT2, MT3, R8
NOW: £64 ~ b NOW: £99 NOW: £9.99 o
T7 TILTING TABLE TOOLMAKER TRANSFER F'UNI:HES 20pc ENO MILL. / SLOT
» CLAMPS r DRILL SET /-f_._“______;~
e 1" NOW £4.10 \ S
Y i & . | 2" NOW £ 4.66 .
» 3" NOW £7.00 | sea—ES
W ' 4" NOW £7.60 Letters A7 m—
= * 5" NOW £8.20

<4

NOW: £13 ol

NOW: £95

www.chesterhobbystore.com

E&OE



Clwyd Close

Hawarden Industrial Park

Hawarden, Chester

CH5 3P7

ORDER LINE: Ol244 531631

Free Dellvery on all tooling and accessorles (showlng the ﬁ badge) to UK Malnland addresses.

SOFT JAWS — '3 JAW SELF CENTERING 38pc BRAZED CARBIDOE

80mm CHUCK - 80mm LATHE TOOL SET

:‘&":jﬁf‘-” Other sizes » l l I l I I I I 1
NOW £38.10 areavailable - 4 1/4" NOW £21 , P
B LM e SO EER i
B i o o T
4 JAW INDEPENDENT :4 JAW SELF BORING HEAD SET

CHUCK

80mm NOW £60
100mm NOW £75
125mm NOW £84.86
160mm NOW £127.95

CENTERING CHUCK

80mm NOW £78.35
100mm NOW £87.04
125mm NOW £85,73
160mm NOW £119.25

“j

o —

MTE & MTS B o

NOW: £70

COLLET CHUCK SET
MTa, MT3 & RE

{Metric/imperial)

NOW: £90

g,

ECOMONY LIVE CENTRE
MT2 & MT2

NOW: £17.50
L =

END MILL SETS

Spc NOW £15
6pc NOW £24

ER COLLET CHUCKS

MT2 / ER25 NOW £45.96
MT3 / ER32 NOW £45.96
R8 / ER25 NOW £90.89
R8 / ER32 NOW £99.96

'ER LATHE COLLET CHUCK

o NOW: £48.13 7 &

FL.Y CUTTER SET (Inc Tool Steel)
SPARE TOOL STEEL ALSO AVAILAELE

444

Ty

NOW: £15

<

HOBBY TILTING VICE
3Il

|PARTING TOOL

Each Parting Tool
is Supplied With

PRECISION LIVE CENTRE

NOW: £35 HSS Blade & (
Spanner
4" 9/16" NOW £14
b MT1 NOW £36.51
ah smm Now 10 | NT2NOWEHA
' &
SMALL VERTICAL V80 SERIES VICES WORK LAMPS
SLIDE S 80mm Jaw Width _
(Ideal for Conguest Lathe) . Magnetic or Screw Type Base
NOW: £66 o NOW: £64.94 & NOW: £33 o

May your new year be prosperous and your shed more successful
May your swarf be small and your projects less stressful
May your lathe be true and your miller too

From everyone at Chester, Merry Christmas to youl

www.chesterhobbystore.com

E&OE



CHESTER

Machine tools

Clwyd Close

Hawarden Industrial Park
Hawarden, Chester

CH5 3P7

ORDER LINE: Ol124d4 531631

Free Deallvery on all tooling and accessorles (showlng the * badge) to UK Malnland addresses.

CONQUEST LATHE

325mm Between Centres, 180mm Swing, Vari-
able Speed, Easily Portable, Thread Cutting,
Lathe Tools, 80mm 3 Jaw Chuck, Quick Change
Toolpost.

NOW: £399

CONQUEST SUPER LATHE
325mm Between Centres, 180mm Swing, Digi-
tal Spindle Readout, Thread Cutting, leadscrew
guard, quick change toclpost and quick release

tailstock. _

920 LATHE

500mm Between Centres, 240mm Swing,
Thread Cutting Gearbox, Thread Cutting Dial.

NOW: £699

DB3vVvs LATHE METRIC
400mm between centres, 210mm Swing,
Spindle Speed Range 50 - 2000rpm, MT3
Spindle. Includes 100mm 3 & 4 Jaw Chucks,
Steadies, Digital Speed Readout.

NOW: £945

NOW: £474

DBl vs WITH MILL HEAD
700mm Between Centres Variable
280mm Swing Spindle Speed.
Digital Spindle Speed Includes
Readout, T Slotted L 384 Jaw
Cross Slide, ! Chucks And

Steadies

'NOW: £2199

CRAFTSMAN LATHE

570mm Between Centres, 300mm Swing,
36mm Bore, 2 Axis Digital Readout, Back
Gear, Powered Crossfeed, 160mm 4 Jaw
Chuck.
Includes Stand

NOW: £2248

CRUSADER LATHE

810mm Between Centres

300mm Swing, Range Of Speeds:
65-1810rpm, Hardened & Ground Gears,
Induction Hardened Guideways

CRUSADER DELUXE

810mm Between Centres, 300mm Swing,
38mm Spindle Bore, 1.5Hp Motor, Fully
Geared Head, Professional Camlock Spindle,
2 Axis Digital Readout

NOW: £2450

NOW: £2999

MODELB 3in1

520mm Between Centres,
420mm Swing, 20mm Bore, MT3
Spindle, Taper Bearing Head-
stock, 3 Jaw Self Centering Chuck
with External & Internal Jaws

e/
&

-

Lt

NOW: £989

CENTURION 3 IN1

420mm Swing Standard Accessories:
28mm Spindle Bore Drill Chuck & Arbor
MT3 Spindle Combined Vice /

Powered Crossfeed Compound Slide
Separate Motor for

Lathe & Mill

NOW: £1369

CENTURIAN 3 in 1 LONG BEDO

LATHE

800mm Between Centres,
420mm Swing, 28mm Bore, MT4
Spindle, Powered Crossfeed,
Leadscrew Guard.

NOW: £1550

CONQUEST SUPER MILL

13mm Max Drilling Capacity, 270mm Max Distance of
Spindle to Table, MT3 Spindle Taper, 460 x 120mm
Table Size,

NOW: £547

www.chesterhobbystore.com

E&OE



CHESTER

Machine tools

Clwyd Close

Hawarden Industrial Park
Hawarden, Chester

CH5 3PZ

ORDER LINE: Ol124d4 531631

Free Deallvery on all tooling and accessorles (showlng the * badge) to UK Malnland addresses.

CHAMPION 168VS MILL
Travel: 160 x 280 x 200mm

500 x 140mm Table
Variable Spindle Speed
600w Motor

MTZ Spindle

Drawbar

Tilting Head

Drill Chuck & Arbor

NOW: £599

CHAMPION 20VS MILL
Drilling Capacity: 20mm
Table Size: 700 x 180mm
Speed Range: 50 - 2200rpm
MT2 Spindle

H/L Gear

Variable Speed

Quill Feed

Head Tilts Left to Right

NOW: £836

CENTURY MILL
32mm Drilling Capacity
820 x 240mm Table

Speed Range: 95 - 1600rpm
MT3 Spindle

Standard Accessories;
Drawbar, V100 Vice,

Face Mill Cutter,

Drill Chuck & Arbhor,
Show with Optional Stand

NOW: £1086

EAGLE 30 MILL
32mm Drilling Capacity

730 x 210mm Table

Speed Range: 125 - 2500rpm
MT3 Spindle

Standard Accessories:
Drawbar, Tilting Vice,
Face Miil Cutter,

Drill Chuck & Arbor,

Show with Optional Stand

NOW: £1100

LU MILL
Drilling Capacity: 32Zmm
Table Size:

820 % 240mm
Speed Range:
95-1600rpm

MT4 / R8 Spindle
Drawbar, V100 Vice,
Face Mill Cutter,
Drill Chuck & Arbor

NOW: £1488

EAGLE 25 MILL
25mm Drilling Capacity
Table Size: 190 x 585mm
Speed Range: 90-2150rpm
MT3 Spindle Taper

Face Mill Cutter

Drill Chuck & Arbor
Tilting Vice

Head Swivels 360°,

Show with Optional Stand

NOW £1000

626 TURRET MILL
Drilling Capacity: 20mm
Table Size: 6" x 26"

Speed Range:

190-2100rpm

MT3 / R8 Spindle

Drawbar, Worklight.

Shown with optional power feed
& Digital Readout

SUPER LUX MILL
Drilling Capacity: 45mm
Table: 240 x 820mm

Speed Range: 95-1600rpm
R8 Spindle

Drawbar,

2 Axis Digital

Readout, Drill

Chuck & Arbar

MODEL T TURRET MILL

Table Size: 240 x 800
15030 Spindle

Variable Spindle Speeds
3 Axis Digital Readout
Wark Lamp

Power Feed

Horizontal Arbors
Ground Column

&

Stand Included Slideways

NOW: £2364  NOW: £1997 NOW £4575
MODEL T MILL SUPER | D SERIES DRILLING MACHINES
MT4 Spindle, Table Size: 1200 x D13
280mm, 3 Axis Digital Readout, NOW £92
Lamp, Gear Driven Vertical
Milling Head, Big 120mm D13R
Spindle Travel NOW £139

D16 -

NOW £186

D19

NOW £226

D20

NOW £235
£6168 ,
H110 BANDSAW 42 HV128 BANOSAW ¢ HV128-5S BANOSAW
Max Cutting Capacity Max Cutting Capacity - Max Cutting Capacity

@ 90° Round: 110mm
Square: 100x150mm

Max Cutting Capacity
@ 45° Round: 100mm .
Square: 85x65mm

NOW: £299

@ 90° Round: 5"/ 128mm
Rectangle : 115x150mm
Blade Size: 1/2" x 64.5"
Speed Range: 65, 95,
165rpm

a

'NOW: £329

@ 90° Round: 5"/ 128mm

Rectangle : 128x150mm # t ;
Blade Size; =
12.7x0.65x1635mm

Speed Range: L4 =

20, 29, 50mm/min

NOW: £888

www.chesterhobbystore.com

E&OE



H ’ Clwyd Close
C E s E R Hawarden Industrial Park

Hawarden, Chester

Machine tools CH5 3P7

ORDER LINE: Ol124d4 531631

Free Dellvery on all tooling and accessorles (showlng the # badge) to UK Mainland addresses.

Is-lss TOOL STEEL BANDSAW STRAIGHT END MILLS
quare: ﬁ Available In Metric & Imperial
1/8" x 2.5" NOW £2.29 BLADES SHANK
1/4" x 6* NOW £7.82 \% TWIST ;
5/16" x 2.5" NOW £4.70 DRILLS
Round: Carbon, 14TPI to fit HBOD £14.52 \\
1/4" x 4" NOW £4.44 Bi Metal 18TPI to fit H80 £16.08
1/2" x 6" NOW £14.54 Carbon, 18TPI to fit H110 £11.62 Available In Metric Tmm - 12.5mm
5/8" x 4" NOW £14.24 Bi Metal, 14TPI to fit H110 £17.28 & Imperial 1/16" - 1/2"
Other Sizes Available ;* Other Blades Available * . * d
ENGINEER SQUARES |INDIVIDUAL STEEL CONQUEST SLOT ORILLS
_— FOR ELY CUTTERS LATHE Available In Metric & Imperial
: ;5-; = / TOOLPOST
(%) HOLDERS

2" NOW £5.03 al "4 a Was: £12.24
3" NOW £5.31 ~
v 3/16"£1.80 5/16" £3;0 1/4" £2.30 E10 cach
6" NOW £9.38 o E .

Fly Cutters Sold Separately é *

Vertical Milling In The |
Hame Workshop

Lathewark, A Complete '
Course.

The Milling Machine The Mini-Lathe
This baok deals with the
process of choosing & using a
milling machine &its
accessaries. In addition 1o the
machine itsalf, the accessaries
Include cuttérs, cutter chucks,
tlamps, vices, angle plates,
rotary tables etc,

This book is-a complets
course on wsing & improving
this new generation of lathes,
It explaing everything from
setting up & tuning the
miachine for best
performance ta using and
‘tuning’ the maching,

This book assumes no
previaus experience & using
the medium of 12 lathe
turning projects will lead
prospective model engineers
through all the basic
techniques needed to tackle
ambitious projects.

* £6.95 m * £ 6.95 ﬁm H £ 8,75 || woenssoe rus

Screwcutting In The Milling Operations In P Milling A Complete
The Latne MILLING cours:
Pt

Lathe

One of the maost popular titles
In medel engineering books
for almost 60yrs was milling
In the lathe, which st ap-

This 3rd revised edition
includes descriptions of many
af the very wide range of
operations possible with
photographed examples, plus
info on machines, accessories,
cutters, chucks efc.

d £7.50

fhe Model Engineers
Workshop Manual

One of the most useful
functions of the modern lathe

All of the projects within this
book are extensively
ustrated & include full

The 3rd book by highly
respected author George
Thamas will undoubtedly
become the bible for both

I5 its ability to cut any form of

external & internal thread of wiorkshop drawings. Once

any thread form, pitch or \ peared in the 1920 & followed through, the reader novice & experienced alike.
dlameter within the cwerall i continued in updated & - willl have amassed a wealth of containing over 300 pages on
capacity of the maching .- revised editions unill 1983, Ve & practical skills. maost aspects of machining.
- g This book replaces it ks -
o £7.50| womvermuncames 5 gl £7.50 | sumer racncsoms. 35 o £7.50 ol £26.35
BI-METAL HOLE SAWS BI-METAL HOLE SAW SETS
ﬂ E Items below 32mm / 1-5/16" have a 1/2" 7pc Mechanic's kit set £18.94
Qs 20UNF bore. Sets include 1 fitting arbor, 1 adapter and 5 hole
G Items above 32mm / 1-5/16" have a 5/8"
§° o Rl s 7/8,1,11/8,11/4,1 1/2"
CHESTER = 116/ 18mmei61 22,2529, 34y 38mm
Machine Tools " 3/4" / 19mm £1.68
ﬁ 13/16" / 21mm £1.90
(i) 7/8" 1 22mm £1.97
= 15/16" / 24mm £2.18
G 1"/ 25mm £2.23 =~
3 1-1716" { 27mm £2.45
= 1-1/8" / 28mm £2.50 16pc General Purpose Kit set with
lCeS! 1-3/16" / 30mm £2.66 safety goggles £43.87
E 1-1/4"/ 32mm £2.86 Sets include MT2 and MT3 arbor and adapter, 1
i 1'5/19" /33mm £2.90 safety goggle and 11 hole saws.
Fmagd e o
1-1/2" / 38mm £3.36 3 -l 11/2,13/4,2,21/2"
1-9/16" / 40mm £3.53 4 O 22,2529, 32,38, 44,
1-5/8" / 41mm £3.67 e
1-11/16" / 43mm £3.82
1-3/4" / 44mm £4.01
1-13/16" / 46mm £4.08
1-7/8" | 48mm £4.25
2"/51mm £4.54 44

www.chesterhobbystore.com
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Machine tools

CHESTER

Clwyd Close

Hawarden Industrial Park
Hawarden, Chester

CH5 3P7

Free Dellvery on all tooling and accessorles (showling the J badge) to UK Mailnland addresses.

ORDER LINE: Ol124d4 531631

SMALL QUICK CHANGE ROTARY TABLES MACHINE STANDS
TOOLPOST
HHV-110 i -
NOW:
£129 N ‘i‘ .
I _,-’-
f BUY A STAND WITH YOUR
MACHINE FOR ONLY
HHV-150 £150 EXTRA inc VAT
NOW: (To suit: DB7, DBS8, DB10, DB11,
£165 = DIVIDING PLATES AVAILABLE Champ16, Champ20, Lux Mill
d Century Mill
NOW: £45 o <4 RS
AUTO REVERSE TAPPING 1" X 5" BELT & DISC FLEXI DRIVE
HEAD SANDER
."L AJE. Belt Size: 17 X 30" / 25 X 762mm

< \ Disc Size: 5"
4 o B Motor; 0.3Kw / 0.41Hp
- Belt Speed: 16.4m/s
< #

Disc Speed: 3400r/min

TAP 7
NOW £293.62 % ——
pare Belts & Disc
NOJUAEBLZ‘I 39 Papers Are Available
j To Purchase Separately <
TAP 20
NOW £619.73

SPARE COLLETS ALsO AvarLABLE ol NOW: £50

L]

Includes: Grinding Stones,
Rotating Head, 5 X Chisels,
Engraving Head, Deburring
Stones, Diamond Burrs,

NOW: £99 Sanding Attachments *

6" BENCH GRINDER | TOOL SHARFPENER
Motor: 0.33Hp / 0.25Kw Speed: 140rpm
Speed: 2850rpm Wheel Size: 118.38mm

Wheel Size: 150 x 20mm
Motaor Shaft Dia: 12.7mm
Wheel Grit: 36#

Wheel Material: Al. Oxide / Wire

Motor: 0.1Hp / 0.07Kw
Includes Coolant Tray

NOW: £45 NOW: £42

5x8" PROFESSIONAL
WET/DRY WHEEL
SHARPENER

Wet Speed: 320rpm
Dry Speed: 2850rpm
Wheel Size: 200x25mm
Motor: 0.33Hp / 0.25Kw

=

NOW: £138

ELECTRIC HOISTS HYDRAULIC PRESS

@

HR250 (Other sizes available)

NOW: £90 o

107
NOW:
£210

20T
NOW:
£294

LIFTING CRANE

www.chesterhobbystore.com

E&OE



Clwyd Close

Hawarden Industrial Park

Hawarden, Chester

CH5 3P7

ORDER LINE: Ol244 531631

Free Dellvery on all tooling and accessories (showling the J badge) to UK Mailnland addresses.

QUICK CHANGE TODLPAOST
& 5 HOLDERS

'
e
R

£89

HOBBY COOLANT
SYSTEM

NOW:

POWER FEEDS

NOW:
£289.80

L

NOW: £159.53 NOW: £191.35

Each Set Includes a Square, Vee,
Knurling, Parting & Boring Tool Holder.

TOOLHOLDERS ARE ALSO AVAILABLE TO
PURCHASE SEPARATELY

o ANY 10 FOR £50

5C COLLETS

Metric and Imperial
3-25mm or
1]8" o 1"
or a mix of both.

R8 COLLETS

10 FOR £45

Metric and Imperial 3-20mm or
1/8" - 11/16" or a mix of both.

ER COLLETS

Choose From Our Range Of
ER16, ER25, ER32, ER40

ANY 10 FOR £72 *'

STEP UP SLEEVES

MT1-MT2
NOW £9.57
MT2-MT3
NOW £11
MT3-MT4
NOW £35.94
MT4-MT5
NOW £61.98

REDUCING SLEEVES

- : ok
S

MT2-MT1 NOW £3.00

MT3-MT2 NOW £3.57

MT4-MT3 NOW £12.84
MT5-MT4 NOW £19.25

R8- MT1 NOW £17.06

R8-MT2 NOW £19.25

R8-MT3 NOW £46,55

<4

BELT & DISCS

1" x 5" Belt & Disc Sander
BELTS: NOW: £7.00

DISCS: NOW £10.00

Both available in 80#, 120%#,
1804#, 2404# Grit

4" x 6" Belt & Disc Sander
BELTS: NOW £7.00

DISCS: NOW £7.00

Both available in 80#, 120#,
1804, 2404 Grit

&

| TOOL BOX SET

Each set comprises of?

TBT2006 Width: 660mm Depth: 322mm Height: 366mm
TBI2002 Width: 668mm Depth: 338mm Height: 212mm
TBR2003 Width: 680mm Depth: 435mm Height: 664mm

NOW: £250

COOLANT

Coolant / Cutting fluids are used in metal ma-
chining for a variety of reasons such as im-
proving tool life, reducing workpiece

thermal deformation, improving surface finish
and flushing away chips from the

cutting zone.

1 Litre NOW £10.36

5 Litres NOW £30.34
25 Litres NOW £157.24
(25-1 Mix)

www.chesterhobbystore.com

E&OE



Visual Design of Coil Springs ”
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On the
- I3 from the World of
Wl Fe Hob@? Eﬁgior;egring

Books for Christmas and Vogon Poetry?

a ter's Railwa
i:al:.a :‘:.Eﬁ.! Ig‘!,-!n i the Forgetten Engine
= bt !

Peter’s Railway

Chris Vine has been in touch with a reminder that the ‘Peter’s "It's Christmas time, but never fear,
Railway’ series of books make an ideal present for youngsters .
with an interest in model engineering. He's even written another of Peter's Rallway Books are here.

his ‘wonderful poems’, but he says that if enough people buy the
books, he won't have to send us a poem next year — so please, get
ordering those books!

In response to many requests, Chris has created a new page on

With stories, fun and lots of facts
on pistons, boilers, gears and tracks.

the website: Sets of books and Special Offers. There are Behold! What more could you desire?
various combinations of paperbacks, hardbacks and gifts which ) )
should make ordering easier (and cheaper too!). Please take a look Than be a Peter's Railway Buyer! "

at www.petersrailway.com

London Model Engineering Exhibition 2015

The London Model Engineering modern gadget and boys toys including

Exhibition will return to the iconic venue trucks, boats, aeroplanes, helicopters and ‘

of Alexandra Palace for the 2016 event, its  robots as featured on 'The One Show' LONDON MODEL
20th Anniversary. last January.

The exhibition covers the full spectrum Visitors can travel between the show's REHEE SN XA RI
of modelling from traditional model different zones, trying the activities and v
engineering, steam locomotives and watching fascinating and technical
traction engines through to the more demonstrations.

Over 50 clubs and societies will be
present displaying their members work
and competing to win the prestigious
Society Shield. In total nearly 2,000
models will be on display.

All of the leading suppliers will also be
present giving hobbyists an excellent
opportunity to see and compare products
under one roof. You will be able to
purchase virtually anything you need for
your next model or project or to get you
started in a hobby.

The show runs from Friday 15 — Sunday
17 January 2016. It is open 10 - 5 Friday
and Saturday and 10 - 4.30 Sunday.

Adult tickets are £9.50 online in
advance and £11.00 on the door,
with concessions for senior citizens
and children.The website is
www.londonmodelengineering.co.uk
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Adventures In

Clock Wheel Cutt

| have just finished making a
three train musical longcase
clock. The project took nearly
two years from the design
stage to completion. But my
first challenge was to make
the cutters that would cut the
epicycloidal form on the gear
wheels and pinions. In this
article | describe my adventures
in making the clock gear and
pinion cutters.

Setting up for cutting

Photograph 10 shows the set up for
cutting pinions on my Tom Senior Light
Vertical machine. It's worth ensuring

that everything is set up as accurately as
possible when cutting clock gears and
pinions. With cutting gears there is a small

The cutting set up for pinions.
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leeway for error without impacting results
but with pinions consider that there isn't
any and you wont be disappointed, a
small error off centreline (we are talking
.001 or .002 inch) will be quite visible in
the results. With your pinion exhibiting
leaning teeth.

IPCII'T2

ing

Cutting a clock gear tooth profile using the fly cutter | madé.

Checking alignments

A rotary table is mounted horizontally
along the length of the milling machine
bed. A three jaw chuck or (better) a collet
system is used to clamp a bar of EN8M or
Silver Steel between the rotary table and
a tailstock. A tailstock is used to maximise
the rigidity of the set up, this will ensure
the correct form is generated and achieve
the best finish.

Getting the best results at this stage will
reduce hours of polishing with abrasive
compounds later. For best results check
and minimise the radial run-out of the bar
stock in the collect or chuck (to within .005
inches or better), ensure that the centreline
of both the clamping system and tailstock
are the same height and parallel, make
sure every thing is clamped down.

The pinion bar stock

The pinion material bar stock should be
prepared on the lathe prior to cutting. A
smaller diameter is turned on one end
where the pinion cutter tool path will start.
This will reduce the forces as the cutter
feeds in, reducing chatter and minimising
poor pinion flank finish by gradually
increasing the load on the pinion material.
A slight reduction in the diameter of the
material at the opposite end also benefits
the process for the same reason. Make
the bar length enough for several pinion
blanks and allow extra material at the start
and end of the bar for cutter clearance.
Anticipate having to discard the some

Model Engineers’ Workshop



Clock Wheel Cutting ”

The USB microscope camera used to
check centreline height of cutter.

pinion material at the front and back of the
bar stock as this always has inferior form
and finish imparted into it.

The end of the bar stock is centre drilled
to enable location of the tailstock dead
centre. Incidentally, my tailstock came
from a mini lathe but | have adapted it to
suit my needs on the milling machine.

Finding the work piece
and cutter centreline

Once | was happy with all the jigging
alignments, | then used my height gauge
to establish the centreline height of the
work piece (l.E. overall height - half the
diameter of the pinion bar stock). With

the height gauge set at the work piece
centre line, | set about putting together an
impromptu shadow graph, a more modern
version that's within the pocket of most
model engineers.

As you can see from photos 11 and 12,
| used a 25x to 200x USB microscope
camera. | ditched the stand that came with
it and adapted a vacuum hose fitting to
clamp the body of the microscope camera
onto a standard magnetic based stand.
This was used to hold the camera in front
of the height gauge and cutter. A piece of
white paper is placed behind the objects to

Starting to cut a pinion.

December 2015

Another view of the USB microscope.

help with clarity and definition of the
components, using a PC that normally acts
as the CNC controller for my milling
machine, | focus on both items. (it helps to
have them on the same plane).

Photograph 13 shows a screenshot of
the USB microscope software. | believe
that most microscope camera’s come with
software than enable the user to turn on a
grid view filter. This is very handy as one
can move the position of the pinion cutter
up or down in comparison to the grid and
milling machine measuring system (in my
case a DRO).

Measure overall thickness of the top land
on the cutter and then align the mid point
with the height gauge which has been set
to centre line height of the work piece and
aligned with the grid.

Using this method very accurate set ups
can be achieved and this minimises any
mistakes or errors.

The cutting process

Photographs 14 and 15 show the

pinion cutting process. Initially | manually
traversed along the bar of EN8M taking
0.010 inch cuts at a time. After a short
while and whilst suffering from arm ache,
| resolved to engage the CNC functionality

Slowly forming the pinion blank teeth.

Screen shot of the USB -
Microscope software.

on my machine and write a short CNC
program. | generated a toolpath that had
a slow infeed, traversed along the work
piece at a feed rate of 50 mm/min and
then rapid out to a clearance position.
After cutting two tooth slots | stopped
the process, reviewed the top land
material that was left on the formed tooth
and made my adjustments to depth. The
blank was covered in blue marker prior to
any cutting in order to help identify any
remaining material. | repeated the
exercise until all the blue maker was
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Sftwood polishing wheel and profile cutting blank.

removed on the pinion tooth top land and
then let the process run for the complete
blank.

A note of caution, at this stage be careful
about any backlash in the rotary table,
ensure you always travel to the start
position from the same direction. |
removed as much backlash a possible
from my rotary table but | was still caught
out initially discovering that a number of
teeth were slightly thinner than the others.

Problems with spindle motor

| used a spindle speed of 150 -200 rpm and
a cutting feed of 50mm/min. The spindle
motor on my Tom Senior machine is non
standard and has a slightly higher spindle
speed range than normal. This meant that
although the pulley configuration was on
its slowest setting the spindle speed was
still too fast. The machine is equipped with
an inverter for the spindle motor so | was
able to adjust it and turn the speed down.
Unfortunately, because the motor was

not running very fast this had an effect

on the built in fan which was not cooling
efficiently and | found that | had to allow
the motor assembly to cool down before
considering cutting the next pinion blank.

| partially resolved the situation by placing
a copper sheet around the motor to help
channel the air and fitted an electric fan

on the top of the motor to assist in driving
air past the cooling vanes in the motor.
Before | next make a clock | have resolved
to make some modifications to my spindle
assembly adding an additional pulley in
line to increase the ratios.

Pinion polishing

Now, like me, before you remove the
now freshly cut pinion from the grasps
of the collet/ tailstock muttering mild
congratulations to yourself on a job
well done; think! Pick up Malcolm
Wild's book Wheel and pinion Cutting
in Horology and refer to the section on
pinion polishing because it is far easier
using Malcom's technique of polishing
the pinion with a softwood profiled wheel
than by your own hands.

The polishing wheel | refer to is shown
in photo 16. This shows a newly profiled
softwood wheel which charged with a
lapping compound is used to remove cut
marks and improve the flank finish of the
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newly cut pinion blank, but this can only
be achieved if the blank is not disturbed or
removed from the cutting set up.

It is virtually impossible to line
everything up again once the pinion blank
has been moved. The softwood wheel
would of course be set up in the same
manner as the pinion cutter.

Instead | resolved to polish the
unhardened pinion flanks using softwood
wedges and valve grinding paste. Indeed
in Alan Timmins Making an Eight Day
Longcase Clock he goes as far as to saying
that lapping by hand is therapeutic -
believe me after four of five hours
constantly rubbing pinion flanks with ever
finer abrasive paste, sore fingers and
aching arms its anything but therapeutic!

Clock gear wheel cutting

Setting up for clock wheel cutting with
the single blade cutter is relatively easy
compared to pinion cutting. | used the set
up as described for pinion cutting. The
differences are spindle speed and feed

L ..e-%{ i

Single blade cutter cutting a escapement wheel.

rate. Spindle speed should be as fast as
possible or in the region of 3-4,000 rpm.
I manually fed the single blade cutter
into the brass wheel blank taking a full
depth cut traversing from one side of the
wheel to the other in a nice regular but
slow move. This achieved the best finish.
Photograph 17 shows a single blade
cutter cutting a escapement wheel.

Summary

As you can see from photo 18, my home
made cutters worked well and using the
techniques mentioned above | was able

to make my own clock gears, pinions

and escapement wheel. | focussed in

this article on the making of the cutters
and the set up for cutting, the theory i.e.
tooth dimensions and geometry and heat
treatment, final finishing and polishing I've
left for the reader to delve into the books
referred to earlier in my narrative. Both
are excellent and describe the topic in a far
more detailed but interesting way than |
ever could in a short article. B

Some of the many Clock wheels and pinions cut with my home made cutters.
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The Magic Spark

Magnetos and ignition
equipment for the
model engine builder

Building an IC engine?
Ignition Coils - Controllers - Timing Sensors - Miniature
Magneto Kits - Start-Up Box Kits - Batteries and Chargers
* Electronic and mechanical design services -

We supply American “Rimfire” Spark Plugs
3/8"x 24tpi, 1/4"x 32tpi and 3/16"x 40tpi (10-40 UNS)
- Always available from stock -

Minimag Co. “Chelsfield” Galley Lane, Brighstone, IOW PO30 4BT

e: sales@minimagneto.co.uk
All our own brand products are manufactured in the UK.

www.minimagneto.co.uk

NEW compact, low power

for moderate speed engines

Connections by colour-coded screw terminals  Sturdy plastic housing
with mounting lugs  Highly efficient - minimal heat generation
Runs off 2 x AA alkaline cells Triggered by low voltage Hall sensor or
by contact points, microswitch or reed switch Dwell time unimportant

Kit includes
everything you need:
 Low voltage Hall sensor,
pre-wired,
/ 3x2 neodymium magnet.
./ Ignition Unit with integral
ignition coil,
/ Switched battery box.
/2 xalkaline AA cells.
/" Full instructions.
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| HIGH VoL TAGE
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L= ]

Mlmmag Co
Low Power
Capacitor Ignition
MCL-1 1006

| 3 volts

= LED indicator for static timing

= Maximum sustained spark rate 50Hz sy
(=6000 RPM on a four-stroke s
single, cam sensor/3000 RPM
on a two-stroke single)

= Technical support always freely
available by telephone or email

Two versions available:
MCL-1 for single
cylinder engines

MCL-2 for twin

cylinder engines
able to run on the
"wasted spark" principle

t: 01983 740391 ;
Telephone and email enquiries are most welcome.

B3 call 01454 324546

. AMADEAL Lid.«

www.amadeal.co.uk

See our vast range of mini-lathes, :
bench lathes, milling, grinding and boring =
@@ machines, both manual and CNC.

For professional or hobby purposes

Tas
T

R T

g

{Between 11-4pm)

e We stock all kinds of spare parts for all of the
= machines that we carry. If you require parts and
they're not listed on the website, drop us a line
or email us and we might be able to help you.

(Batwaen 81|| plnj
Tel: (+44) 0208 558 4615 or 07887 945717 or (+44) 0208 558 9055

Unit 20 The & 1e, London E11 1HD

Monday - Friday (11

m) or at other times by cal ¢ for prior arrangement.

Get the very best from
your workshop.
Hemingway Kits provide
over 70 unigue tooling
projects:

{% Add capabilities to
your workshop

{:} Work to finer limits

{:} Finish jobs more
quickly

i::} Your production
engineering team!

\‘\‘-

Hemingway

Hemingway Kits
126 Dunval Road, Bridgnorth
Shropshire WV16 4LZ United Kingdom

Tel/Fax: +44 (0) 1746 767739
Email:Info@hemingwaykits.com

Send £2
(refundable) for our
latest workshop
catalogue or visit
our website

www.hemingwaykits.com




Carols, Cappuccinos
and Lofted Solids v

Bob Reeve tackles an ambitious task using CNC.

This project had nothing to do
with Christmas, did not involve
any singing and there were no
Sy, fancy coffees; only the instant

variety. There was however

. = N a certain amount of cussing,
| which increased as the project
“ _ 1 . proceeded for reasons that will

‘.v'i' T o — __ become apparent. It was one

Ly i B — i

=y ; of those projects that started in
g g an innocuous sort of way with a
s ) Vi - b, request from No 3B nephew (one
ve ; = of twins) and girlfriend Emily, to
' the effect that a little help would
be appreciated with their current
car project. The role of kindly
uncle precludes a refusal!

A rare Carol.

hen the programme had been
Wmodified to include the additional

roughing cut there was first a trial
cut of a single port in aluminium (mainly
to check feeds and speeds) then it was
time for a full size trial of the complete
component. | again did this in wood, a
rather nice piece of hardwood, rescued
from a door frame during recent building
works. Wood is a lot less expensive
than aluminium as well as being more
forgiving in machining trials, but in this
case its use was partly with the intention
of sanding and varnishing it as a reminder
of what would become an insignificant
component buried in the engine
compartment (photo 8).

The machining cycle was lengthy with
lots of tool changes. After all the holes
were drilled, a 10mm slot drill was used to
rough out the ports. This was followed by
a 3mm ball ended cutter (photo 9) for
finishing. A vacuum extract was run
continuously to remove the large quantity
of chips produced and to stop the cutters
machining their own chips at the bottom
of the deep pockets.

After the ports were machined, the
profiling was done with a long series,
centre cutting, end mill. Note the button
head screws that attached the component
to the jig while the excess material was
cut away (photo 10).

0 O O T P o

Profile roughing cut.
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The profiling included a finishing cut
(photo 11) with an optional programme
stop to allow the excess material to be
unclamped and removed for a better
photograph. Note the telescopic vacuum
nozzle repositioned behind the cutter.

The final operation on the manifold side
was to chamfer the profile as shown in
photo 12.

With the component repositioned engine
side up, the first operation was the
chamfering, because the cutter was still in
position. Then the ports were machined to
the tri-lobed shape (photo 13).

The roughing cut appears to be cutting
into a solid area but in fact there is a thin
surface layer just covering the ports where
the cutter did not quite break through from
the other side.

As can be seen from photo 14, the trial
was successful with only a few minor
changes required to add and remove
some optional spindle stops and tool
changes. After sanding and varnishing the
engraving was a somewhat tongue in
cheek addition!

So, days had turned into weeks and then
months but the time had finally arrived to
machine the component. The aluminium
plate was marked out approximately to
ensure there was sufficient material round
the profile to clamp on. The hole marking
the centre of the middle port was drilled
for location on the jig (photo 15) and the
plate, positioned by the pin, then clamped,
down with a sacrificial layer of 8mm MDF
underneath as before.

Note that the clamps have been recessed
to give more clearance for the cutter when
the bottom of the pockets and the bottom
of the profile were being machined (photo
16).

With the locating pin removed machining
began with the centre drilling of the
manifold fixing holes. When all the holes
had been drilled it was time to start on the
ports (photo 17).

Photograph 18 shows the last of the
three ports being roughed out. Then all
three ports were finish-machined with a
6mm ball end slot drill, starting with the
centre port (photo 19).

All went as it should, except for
occasional slight rubbing where the cutter
shank just touched the side of the
previously machined hole. Not enough to
mar the finish of the ports so the
machining of the tear-drop shaped ports
was declared successful and profiling
could begin (photo 20). Note that the
path of the cutter will pass between the
end of the left clamp and the button head
fixing. | needed the confidence of the
previous full size trial to do this with so
little clearance!

At about halfway down the profile things
went seriously pear-shaped. The
programme stopped for no reason that |
could see. It took an hour or so of
investigation to find that one of the
spindle motor brushes had worn out and
so had the cutter. Fortunately | had spares
for both; unfortunately, when the motor
was started up again, it rapidly overheated
and smoke appeared from the ventilation
slots. The last rites were performed and |
went in search of a replacement motor.

To make matters worse, it was now late
on a Friday afternoon. Fortunately not too
late to get in touch with Arc Euro Trade
and talk to proprietor Ketan Swali about a

December 2015

Manifold side finishing cut.

Applying CNC Lofted Solids

Drilling reference pin holes.

— _— —_— s r ~ =
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Finished component, manifold side.

replacement. There was one in stock and
he enquired how old the defunct motor
was. We concluded that this was one of
the very early brushed motors which had
been replaced by a modified version.
Again | was lucky that it was a straight
replacement, no modifications needed. |
am within driving distance of Arc Euro
Trade so | was off first thing on Saturday
to pick it up. It turned out to be one of the
wettest drives ever, with torrential rain all
the way there and most of the way back.
But | did get a tour of the facilities and an
in depth discussion on X3 spindle drives
from a very knowledgeable source, as well
as the replacement motor. | departed with
some good advice, to the effect that

Manifold side fittings.
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Chamfering manifold side.

/ T =

running a hobby machine for 5 hours
continuously is not to be recommended!
Thanks Ketan.

By Sunday the X3 was back up and
running. The work offsets were OK and all
| had to do was re-set the tool offset for
the new tool. Then the ‘Run from Here’
facility in Mach 3 enabled me to continue
with the profiling. The finished profile can
be seen in photo 21.

The last operation on the first side was
to chamfer the edges. | have always
thought that this is one of the things that
CNC does really well. The result is shown
in photo 22.

It was then time to turn the job over and
start on the second side. Again the

Finsihed component

engine side.

chamfering was done first because the
tool was already set up from the last
operation. Then the tri-lobed ports were
roughed out (photo 23) and finished with
a ball ended slot drill as before.

After engraving a ‘maker’s plate’ and
machining the relief for the cam box stud
locations the result was as in photos 24
and 25. As can be seen the smooth
transition from one port shape to the
other is achieved within the thickness of
the plate.

The last remaining task seemed to be a
trial fit onto the head. Photograph 26
shows all was well. Photograph 27 is
the adaptor plate with the six stainless
studs ready to bold on the inlet manifold,
plus a pipe ready for connection to the
cooling system.

At this point the plate and its fittings
were carried off by the intended recipients
and | set about cleaning up the workshop
thinking it was all done and dusted. About
a week later | had a phone call to the effect
there was another problem. It had
originally been intended that the Carol
exhaust manifold would be used but, as
you may have guessed by now, it would
not fit!

The fly in the ointment was that the
exhaust gas recirculation (EGR) system
could not be connected. For those not in
the know, this is a cunning means of
reducing the NOX content of the
emissions. It works by reducing the
amount of oxygen available for
combustion at times when the combustion
temperature is likely to be high enough to
produce these emissions. The effect is to
lower the combustion temperature and so
reduce their formation. Typically this
might be when the mixture in the
cylinders is lean, e.g. on a trailing throttle.
However the exact demands for EGR vary
from engine to engine and there is a valve
provided to control the amount admitted.

The Cappuccino exhaust manifold
(photo 28) was now needed because of
the integral connection to the EGR system.
There is a cast in gallery connecting the
left port to the small hole on the extreme
left. Note the rather coked-up condition of
this, which is one of the main reasons EGR
systems suffer from unreliability.
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Cappuccino exhaust manifold.

This was designed to connect with a
cast-in port passing right through the
cylinder head so that a connection could
be made with the EGR valve mounted on
the inlet manifold of the Carol. This
connection can be seen poking out bottom
right of photo 5. However, the adaptor
plate was designed to blank off the port
for exhaust gases where it emerges from
the head on the inlet side.

The problem was exactly how to connect
the EGR valve to the plate just produced. A
straight through connection was difficult
because of the proximity of the inlet
manifold and its associated plumbing. A
connection out sideways would be too
close to the EGR valve connector. The best
options appeared to be upwards at about
10 o’clock or downwards at about 5
o’clock when viewed from the inlet
manifold side. With either of these there
was barely sufficient material to
accommodate the existing style of
connector based on a hollow nut
tightening on a formed end of a steel pipe.

After some head scratching an adaptor
was devised that would screw into the
adaptor pate (% inch BSP) and have a
socket at the other end that would
accommodate the existing style of
connector. With a little care the 10 o’clock
option would just allow the existing
connector pipe to be straightened and
re-formed to fit the new layout.

The position corresponding to the EGR
port in the head was marked out on the
adaptor plate which was then set up on
the rotary table. With this set up on my
Thiel milling machine, the vertical spindle
would produce a flat bottomed blind hole
(same diameter as the EGR port in the
head) then the horizontal spindle would
make the cross drilling for the adaptor at
the 10 o’clock position.

Photograph 29 shows the set up, with
my trusty sticky pin on the end of the
centre drill which will start the blind hole.
Note the parallels that were to give
sufficient clearance for the drill chuck
when machining the cross hole.
Photograph 30 shows the cross drilling
in progress and photo 31 shows a 1 inch
slot drill used to produce the flat surface
which the adaptor was to seal on.

The adaptor proved more difficult than
expected because it needed a 90 deg male
conical seat at the bottom of a hole
threaded for the hollow nut. |
contemplated making a form tool, but
funny profiles down small holes is what
Model Engineering is all about. | machined

December 2015
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the required form with a slim boring bar.
However, in the absence of an endoscope,
photographs were not an option.

After a bit of iron fighting, to straighten
the connecting pipe and to re-form it to fit
the new set up, all was ready for a trial fit.
There were, in fact, quite a few trial fits but
the result can be seen in photo 32. The
adaptor has been chemically blacked and
can be seen screwed into the adaptor plate.

The connecting pipe can be seen running
from the adaptor to the EGR valve on the
right. Note the cast-in port for the exhaust
gas which forms the chevron shape on the
end of the cylinder head.

The completed components went off to
be installed in the Carol a while ago. So far
there have been no further requests for
assistance. Let it continue to be so!

Completed EGR installation.

Applying CNC Lofted Solids ”

Positioning on rotary table.

In retrospect

This was probably one of the most difficult
things | have ever machined. But | think |
might use lofted solids again for shapes
not achievable with conventional milling. |
was particularly impressed by the smooth
blending of shapes that was possible

| had not used BobCAD before and was
impressed by its capabilities. However,
the price tag is probably too high for
hobby software and | don't expect to be
getting a copy unless there are some very
special offers. m
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One Man
e Lathe

his

GaryWooding and his
Chester 12 x 36 Lathe

Gary Wooding describes one of the larger imported lathes to be found in hobby workshops.

My first lathe was a second-
hand Boxford 4%z inch centre
height CUD, which | purchased
to help create tools for making
hand-made jewellery. When

| retired from my full-time
occupation as a software
developer with a well-known
computer company | joined the
local REMAP panel. In case
you don’t know, REMAP is a
national charity that designs and
makes items, free of charge, for
disabled people. The only caveat
is that they are not available
commercially. This work can be
rather mundane, but, at times,
very challenging. | soon found a
limitation with the Boxford; the
spindle bore was too small. |
needed a bigger lathe.

the Chester 12 x 36 Geared Head lathe.

It's a rather large lathe for a home
workshop, with a 6 inch centre height;
12 inch spindle bore, 36 inches between
centres, and weighs 450Kg. Figure 1
shows the dimensions.

My workshop is in the cellar. Armed with
photographs and dimensions of the cellar
steps | took a trip to the Chester Machine
Tools” showroom. My initial thought was
that, with the head and tail stocks
removed, a couple of friends and | could
man-handle the individual parts down the
steps. This hope was dashed with the
news that, if the headstock was removed,

I looked around and finally decided on
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Camlock back plate.

there was very little chance that it could be
accurately replaced. Chester’s advice was
to contact a local machinery moving
company to request a quote for
transferring the lathe from my garage (the
delivery point), around three sides of the
house, through a rear door, and down the
steps into the workshop. In due course a
guy arrived. He examined the Chester
brochure and took various measurements.

Special pool chair for REMAP.

The verbal estimate was acceptable so |
placed my order, only to receive, a few
days later, a written estimate that was far
too high for my budget. Panic set in, but,
with a lot of planning, and help from my
Model Engineering Club (which | had
recently joined), the lathe was eventually
installed into my cellar workshop. The
12x36 Geared head has now been
superseded by the Crusader DelLuxe.

Model Engineers’ Workshop
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The lathe has an Imperial lead-screw,
screw-cutting gearbox, power drive to
both axes via a separate drive shaft, and is
very well equipped; with 3-jaw self-
centring and 4-jaw independent chucks,
fixed and travelling steadies, tailstock
chuck, fixed centres and the usual toolbox
and change gears. | also added the
optional vertical slide since | didn’t have a
mill at the time. It also has a gap bed,
which I've never actually used.
Photograph 1 shows the (well used)
lathe in its present condition.

It also had an entirely different method
(to me) of attaching the chuck: a D1-4
Camlock mount, which not only makes
chuck changing quick and easy, but
completely eliminates any possibility of it
unscrewing when running the lathe in
reverse. The mount consists of a short
tapered flange projecting from a flat base
that contains 3 sockets, each containing an
eccentric cross-pin that can be turned by
the standard chuck key. The chucks and
backplates have three studs that fit into
the sockets. Each stud has a semi-circular
cut-out which engages with the cross-pin
which, when turned, pulls the chuck
securely onto the mount.

The 3-jaw chuck didn’t come with the
usual second set of reversible jaws.
Instead, each jaw is comprised of two
rather nicely machined parts which are
bolted together and fit perfectly. One part
is a carrier that is directly connected to the
scroll; the other part is the actual holding
part of the jaw, which can be reversed to
provide the facility of reversible jaws.
Photograph 2 shows the Camlock
mechanism and one of the jaws with the
parts separated.

In use it turned out to be very accurate
indeed. The first major task for which |
used the lathe was a REMAP job: a pool
chair (see photo 3). This was a special
type of wheelchair used to carry disabled
people into a heated therapy pool. Since
the water was heavily chlorinated and
maintained at blood heat the chair was
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T-slots on cross slide.

made from stainless steel. Some parts had
to be made from 1.25 inch bar and some
from 1 inch, but since it was cheaper to
buy one 2m length of 1.25 inch rather than
1m of each, it was decided cut the larger
bar in two and turn one half down. One
end was held in the 3-jaw with the other
supported by a live centre. The job was
then swapped end-for-end and the
remaining section machined. It is a tribute
to the machine that there was no more
than 1 thou difference along the length
and the transition between the two
sections was barely detectable.

| soon became frustrated with the
supplied 4-way tool-post and replaced it
with a Dickson Quick Change. | then
started a collection of tool holders. | use a
Kit-Q-Cut parting tool from Greenwood
tools, and preferentially, a homemade
tangential tool holder for most facing and
turning. | also use the CSMT insert in a
Greenwood holder. Other holders have
various boring bars, form tools, and
threading tools.

The first modification to my new Chester
was to install the easily detachable BW

Electronics wire DRO (Digital Read Out)
system that I'd removed from the Boxford.
Each sensor consists of a small box that
houses a coil of thin cable that exits via a
protruding tube. The box contains the
electronics that measure how much cable
has been unwound. It works very well.
The tube guides the cable and, by
snapping into a pair of standard cable
clips, provides a simple method of
mounting the sensor. A major problem
was that the X-axis sensor extended
beyond the cross-slide and fouled the rear
splash guard when the cross-slide was at
its maximum travel. | fixed this by making
spacers to move the splash guard back;
one such spacer can be seen in photo 4,
which also shows the X-axis sensor and
the display. | also fitted a Z-axis sensor to
the bed and a sensor to the vertical slide.

The next big alteration was to the
cross-slide. | used a friend’s mill to cut the
two T-slots that can also be seen in photo
4. This made it much easier to attach the
vertical slide.

For screwcutting in the Boxford I'd made
a mandrel handle that gripped the interior
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Inside the control box.

of the spindle bore. Initial plans were to
make a similar one for the Chester, but the
38mm bore kept putting me off. Eventually
| decided on a very different approach:
variable speed. To this end | scoured a
well-known online auction site and
eventually bought a suitable 1.5hp 3ph
motor and a Mitsubishi VFD (Variable
Frequency Drive - also known as an
inverter) at very reasonable prices. |
encountered no problems in replacing the
motor — it was just the right physical size,
but fitting and wiring the VFD was another
story. | have an aversion to drilling
unnecessary holes in machinery, so |
mounted the VFD on a metal cradle which
was attached to the head-stock by some
strong magnets. My objective in fitting the
VFD was to end up with a lathe that was
used and operated exactly as before, but
with the addition of a speed control knob.

Using the mains switch to supply power
to the lathe does nothing except make the
main power button active. Until this is
pressed, nothing happens, but pressing it
illuminates a green light. When the green
light is on, moving a saddle-mounted lever
up or down energises the chuck
backwards or forwards. | didn’t want the
VFD to interfere with this basic operation.

There is a box on the back of the
headstock that contains the various relays
and switches that control the lathe
electrics and interlocks. The wiring
diagram in the supplied manual was
rather daunting, so | decided to open the
box. The interior was even worse, see
photo 5. After much head scratching |
decided to use a multi-meter to trace what
happened when the power button was
pressed. | discovered that terminals 3 and
5 of Relay KM1 became live, and pressing
the Emergency Off button turned them off
again. Further tracing identified how
certain terminals in the labelled strip at the
bottom of the box were connected to the
forward/reverse lever, etc., fig. 2 shows a
schematic of this.

Figure 3 shows the original wires from
the terminals of Relay KM1 replaced by two
new wires to the VFD power-in sockets.
There were four wires from the forward/
reverse lever but | found that | didn’t need
the blue wire because it was for switching
the motor OFF, a function performed
automatically by the VFD. The remaining
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three were connected to the new chocolate
strip that can be seen at the bottom of
photo 5. The original two blue wires from
terminals 7 and 5 to the Inching lamp in the
original layout were used to connect to the
speed control potentiometer which
replaced the unused inching lamp on the
front panel. Figure 4 shows a speed dial
that | created on the computer and stuck to
a blanking piece that covered the hole left
by the inching lamp and supported the
potentiometer. The potentiometer needed
a third wire; this is the red one in the
modified layout. These three wires were

connected to further terminals of the
chocolate strip. The last remaining
modification was to connect terminals 5
and 4 of the original strip together. The
other side of the chocolate strip was wired
to the control terminals of the VFD, shown
schematically by the strip along the bottom
marked PC, STF, STR, 10, 2, and 5. Because
6 different wires had to be taken from the
chocolate strip in the control box to the
control terminals of the VFD, and | only had
three different coloured wires, | made two
groups and identified them by black and
red bands of tape.

Model Engineers’ Workshop



Upon completion, everything worked
exactly as it did before, plus | could
change the speed by simply turning a
knob. In fact, it was so successful that my
friend with the Crusader lathe has done
the same update to that.

It was when | needed to cut a metric
thread that | found my only
disappointment with this lathe. The
manual gives a table of the various metric
threads that can be cut with the supplied
gears. | needed to cut a 12x1.75mm
thread, when | checked the maths | found
that it was a rather poor approximation at
1.77mm, which is almost 1.2% too big. The
best approximation was +0.06% and the
worst was -2%. | intend to get some more
convenient change-wheels. The friend
with the Crusader reports that it has a
superior gearbox that cuts accurate
Imperial and metric threads.

The later machines come with a 2-axis
DRO fitted. As mentioned above, |
transferred the BW Electronic’s wire
system from my Boxford, but there was a
problem: the bed of the Chester was
considerably longer than the Boxford’s. |
forgot this too many times when moving
the saddle too far to the right and
snapping the Z-axis cable. Repair deprived
me of the DRO to which | had come to
rely, plus it started to get expensive. | sold
the entire system to a friend, where it
continues to give good accurate results,
and purchased a glass-scale unit from
MACHINE-DRO.co.uk.

Fitting the scales involved the usual head
scratching for deciding their placement.
The Z-axis, along the bed, was relatively
straight forward, requiring only careful
measurements and a few drilled and
tapped holes. The X-axis was a bit more of
a problem. Placing it on the left of the
saddle would expose it to the usual swarf
and detritus from cutting metal, and
placing it on the right would cover up the
cross-slide locking screw, as well as
exposing the scale to possible damage
from the tailstock. In the end, | placed it on
the right of the saddle, replaced the
cross-slide locking grub-screw with a
thinned hex head screw, and used spacers
to offset the scale sufficiently for an
open-ended spanner to operate the lock
screw (photo 6). A simple hex head screw
underneath the scale sensor acts as buffer
to stop the tailstock from damaging the
scale. (Incidentally, the scale fitted to the
Crusader covers the saddle-lock). At this
point | thought I'd cracked it; but | was
wrong. | couldn’t access the saddle lock
properly, which consisted of a special bolt
with a square head and a captive washer.
Although it was not covered by the scale,
there was not enough space around it to
swing the spanner. The solution was to
replace it with a long socket headed bolt
with a captive washer half-way along
(photo 7).

Photograph 8 shows a model of an
early BRM racing car, made by a friend, for
which | turned the wheel hubs, rims, and
brake drums on the lathe.

It's very useful having a large lathe. The
large spindle bore means that most bar
stock can be turned without having to saw
it into short lengths, thus minimising
waste, and its mass makes it very rigid.
Would | buy another one? Yes | would, but
| can’t deny that I'd prefer the Crusader
with its superior Imperial/metric gearbox. B
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Scribe a line

YOUR CHANCE TO TALK TO US!

Drop us a line and share your advice, questions and opinions with other readers.

Myford 254 gearcutting

Dear Neil, as we outside Blighty receive
our issues at a somewhat delayed time
this may seem tardy.

Duncan Webster's solution to regearing
his Myford for pitches not include by the
manufacturers in the original design is
reasonably clever and of interest to me as
one of my major interests is gears and
what you can do with them. | have an
alternative solution which might be of
interest:

Problem: Regearing the end gears from
the stud to the screw gear for threads
which have been put in the 'less required’
category by the manufacturers.

Required ratios: 2/3, 4/3, 1/1.

Gears evidently supplied by Myford:
30, 40, 60, 90.

Additional gears used by Mr. Webster:
40, 50, 50, 60.

Drawbacks to Mr. Webster's solution:
Extra intermediate stud, causing a double
reverse in the train as well as an extra
interface, and trusting to precision equality
of spacing between 50/50 and 60/40 gear
sets, which has led him to leaving the
clarance adjustment alone when changing
from one to the other.

Alcan’s Die Sinker

Dear Neil, thank you for your help.Today,

| have now donated it to the historical
machinery exhibition aTooley's Boat yard
Banbury. | will send you some pictures
when it is part of the display. My thanks to
the readers who kindly got in touch with me

Tray Cool

Dear Neil, Please see the attached
photo of my swarf tray solution.
Spurred on by Phil Bellamy's
comments regarding his swarf
covering, | offer my own design

to keep swarf under control. It is

a length of discarded aluminium
Venetian blind slat, carefully crafted
to form a seal onto the cross slide.

Steve Middleyard, by email
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about the machine.
Paul Boscott, Banbury
Readers will recall that Paul has been

this veteran machine, Ed.

seeking somewhere that would conserve

Mr. Webster's 2/3 solution:

40 > 60 > 60, followed by 50 > 50..

Mr. Websters 4/3 solution:

No solution offered, presumably pitches
greater than 2.5 mm not frequently
required by him. Perfectly acceptable
approach.

Mr. Webster's 1/1 solution:

40 > 60 > 60 > 40.

Let me offer a couple of alternatives:
My 2/3 solution: 30 > 90 > 45.
My 4/3 solution: 60 > 90 > 45.
My 1/1 solution: 45 > 90 > 45.

Admitting Mr. Webster has solutions for
2 out of 3 of the required setups and
already has the required hardware, my
solutions have certain benefits:

e Screw gear remains the same for
all setups.

e |dler remains the same for all setups.
This and the one above allow one time
clearance adjustment.

e Change only the stud gear, then adjust
the gear clearance properly. (Yes, | know
it requires clearance adjustment, a bane
for Mr. Webster, but it ought not to be
ignored.)

e Requires only a 5 gear set, instead of 8,
additional two 45 tooth gears, readily
available.

¢ A simple 3 gear train, no compounding,
which reduces disassembly and
reinstallation issues if occasion arises
for some odd pitch, sayTPI, BS, DP,
Module, etc.

(If you like small gears make the setups
20 > idler > 30, 40 > idler > 30, and
30 > idler > 30.)

While | expect Mr. Webster will keep his
setups, as reported, | thought an
alternative approach which has some
benefits would be worth offering.

Anthony Rhodes, Berkeley, California, USA

Heading please

Dear Neil, | was fascinated by Michael
Gilligan's article on BluTack, and thought
that he might like to know that the
property of 'negative thixotropy' is known
as dilatency, and is where the viscosity
(shear stress) increases with shear rate.
Other materials that do this are glucose
solutions, suspensions of cornflour (or
custard powder) in water, and some types
of quicksand, where it is possible to run
across the quicksand without sinking in,
but if you stop, you sink in quickly. Don't
try this at home or Morecambe bay either
where the quicksand is definitely not
dilatent!

Graham Astbury, Skipton

Discussing Degaussing
Dear Neil, The Demagnetiser project in
issue 234 looks to be a useful gadget
reusing an existing transformer, | always
like things that can be reused/recycled.
However there a few safety items that
should be addressed by any builders:-
Tying a knot in the supply cable is not a
good idea and is not an acceptable as cable
anchor in many jurisdictions. Also taking a
cable through a drilled hole is also not a
good idea, needs a grommet to protect the
cable from chafing. However there are
cable glands available which provide a
rubber cushion around the cable and lock it
very securely at the same time. Just drill a
hole in the box and lock it in place with the
nut provided. Then put the cord through it
and tighten the cable locking nut which
compresses the rubber liner onto the cable
to hold it, easy quick and safe.These should
be available from electronics places
anywhere but mine come from Jaycar in
Australia Cat No HP0724 (no connection
except as a happy customer).
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If a light bulb is used as a current limiter,
a technique often used by electronics
service people, the bulb should be covered
to protect it against breaking (especially in
a workshop like mine). Not only is the
broken glass a hazard, but the wires on
the end of the broken filament are live and
potentially lethal, we need to keep all the
Model Engineers fully functioning!

While | have not tried it, and | am short
of time at the moment so can't try it now,
an old fashioned fluorescent tube ballast is
simply a current limiter for the lamp and
should do the job.These are easily found
in old fittings and have a range of
wattages, so an appropriate one can be
sourced. The ballast could easily be put
into the box with the modified transformer
and if used intermittently for short periods
ventilation should not be needed.

While it is not really a serious safety
issue, | would usually fix the terminal
block with a screw holding it neatly in
place in the box.

Lastly if anyone uses a metal box, the
supply cable needs to be 3 core and the
earth wire properly terminated onto an
earth screw into the box wall to earth the
box. Personally | think the original plastic
box is a far better option, especially as
eddy currents could be generated in the
metal by the magnetic field.

Hope this is helpful to potential builders
of a good simple project.

Arthur Davies, Canberra, Australia
Readers will recall that Mike Cox's solution

for protecting the bulb was raised in our
previous issue - Ed.

Backyard

Dear Neil, | am

part of the casting
team on a brand
new BBCTwo series
called Britain’s Most
Spectacular Backyard
Builds, which is
celebrating Britain’s
most passionate
inventors, makers,
engineers and
tinkerers.

Thisis a
programme for
anybody who loves
to create their own
inventions, whether
that be an 8 year old
science fanatic or an
80 year old hobbyist
inventor, we want to
find the most
passionate and
creative backyard
builders.

Up and down the
country,

THE BBC IS LOOKING

MOST ENTHUSIASTIC
MAKERS,

INVENTORS & ENGINEERS

makersardftelevision.com

Scribe a Line ”
FOR BRITAIN'S

Foe BEE

2016 Model
Engineer Exhibition

Dear Neil, | was very interested to
read about the new venue. | have
been to Brooklands a few years ago
and found it very interesting. | think
the combination of the two will be
just perfect, and | shall be there if
possible. | usually visit the Bristol
exhibition, which is good, | live near
Exeter, so not so far to go!

Yours sincerely C. Rowecliffe

Live steam locomotives at the 2014
Model Engineer Exhibition.

extraordinary things are being made, from back garden rollercoasters to homemade
helicopters. They are built with passion and created with purpose and now BBCTwo
are delving into their world to document the most passionate and most magnificent
makers in the UK!This is a celebration of engineering, invention and innovation and
this is a great opportunity for hobbyist inventors, engineers and makers across the
country to take part in something magnificent.

Filming for the series will take place between January - March 2016 and those who
take part will only be required for between 1 to 4 days.

For those who are interested, they can email the team on makers @rdftelevision.
com or visit the BBC website to download an application form http://www.bbc.co.uk/
showsandtours/takepart/most_spectacular_backyard_builds

Davinia Richardson, RDF Television

Turn of the Screw

Dear Neil, you recently published a table
of engineering screw threads, how about
something for wood and self tapping
screws? There are bewildering number
available, from our old Imperial friends to
the more modern self drill type. Surely it is
possible to tabulate these.

| suggest:

¢ Head (csk, round, raised, mushroom)

e Designation (O/D threaded portion,
length of plain portion, pilot drill (soft or
hardwoods or plastic, for self taps metal
gauge)

e Head, slotted, cross point. hex,

¢ Availability:- Steel, japanned, zinc plated,
stainless, chromed, brass, etc.

e Head dia. (in case a wooden cover plug is
to be employed.

e Spiral available, single, twin, quick
thread, pointed or blunt for self taps.

eThe above is not comprehensive, but |
cannot think of more variants.

e A compiler? No idea, the late Tom
Walshaw was considering it when he
died and Harold Hall used to be good at
such things.

| never got time to get it put into MEW or
M.E. but would like to have seen it done if
an enterprising reader could produce such
a table.

Ted Jolliffe

We would love to hear your comments, questions and feedback about MEW
Write to The Editor, Neil Wyatt, Model Engineers” Workshop, MyTimeMedia Ltd., Enterprise House, Enterprise Way,
Edenbridge, Kent TN8 6HF. Alternatively, email: neil. wyatt@mytimemedia.com
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FREE rrivATE ADVERTS

Neks T

MODEL ENGINEERS’
SN = 7

Machines and Tools Offered
M Sherline lathe with 3 chucks,
two 3 jaw and 4 jaw. 40 collets, 8
morse collets. £400. Metalworker
lathe, 3 & 4 jaw chuck. Drill chuck,
2 centres. T. 01932 227294.
Shepperton.

M Since nobody seems to want to
buy older Myfords any more and
mine is just getting in the way,
selling Myford ML7b with clutch
and accessories as spares.

All parts available.

T. 01642 886980.

Stockton onTees.

B Axminster model engineer
micro mill. Compound table

and mill vice accessories, micro
angle vice, 50mm cross clamp,
6mm, 10mm collets 12 pieces.
Round and standard mill set, full
clamping kit, 10mm chuck, seldom
used as new £350.

T. 01398 331959. Tiverton.

M Sealey Mighty MIG 100.
Buyer collects, £50.

T. 01494 7747752.
Amersham.

B Warco WM280V lathe, 3 & 4 jaw
chucks, faceplate, fixed steady,
travelling steady, power cross
feed, splashback stand, 3 years
old, £750. Buyer collects.

T. 01208 330550.

Colchester.

B Axminster manual milling
machine with vice on stand s/
ph-Thp motor 3mt - £980.00 ono.
Axminster dividing head — brand
new - £200.00 ono Hilka bench
grinder 6 inch — 2hp with spare
stones - £40.00 ono Colchester
bantam lathe automatic — with
lubrication-tapered bed-chuck
guard set of thread cutting gears-
back plate-3 and 4 jaw chucks-live
centre and % chuck-3 phase with
Transwave power conductor
single to 3 phase - £1550.00 ono.
T. 01435 882907. Dursley.

M Vertex 6 inch rotary table
including dividing plates., £80.
Also Vertex 4 inch precision milling
vice with swivelling base, £35.
Both items in good condition.
Buyer collects.

T. 01235 751768. Wantage.

B Myford Super 7 lathe with
gearbox power cross feed, 3 jaw
chuck, leadscrew handwheel, on
Myford drip tray and stand. One
owner from new £1,200. Cash on
collection. T. 01404 881558.
Axminster.

M Warco BH600 lathe nearly new
condition, swing over cross slide
173, power X/Y axis, screw cutting
gears, leadscrew belt drive, 172

HP single phase 13 amp plug.
Accurite X/Y DRO, stand, tray, back
splash. Weight 360 kg. £400.

T. 01326 617365.

Falmouth.

M Fobco star floor standing
pedestal drill. Cowells X-Y table,
machine vice, angle vice. New
chuck fitted. £200. Buyer collects.
T. 01283 760917.
Swadlincote.

Models Offered

M Clayton steam wagon, 2 inch
scale, needs cab and flat bed to
finish - £1,500 ONO.

T. 01985 211779.
Warminster.

Wanted

M Information and change wheels
for my Grayson lathe, 1940s any
info on screwcutting with this
lathe. | only have a part set of gear
wheels. Ring evenings before
9:30 please. T. 07811 548312.
Tewkesbury.

Books, Plans and Periodicals
M Quorn construction book,
unmarked 1987 edition with
additional build notes £10. Rabone
Chesterman fibron 100 foot/30m,
tape in round blue case. Excellent
condition 1970s vintage £10. Both
plus postage. T. 01643 702750.
Minehead.

B Masie drawings and manual
regulator complete with steam
pipe to smokebox, LBSC injector
new superheater £60. Postage

at cost. T. 01273 455774.
Brighton.

M 5 inch gauge Enterprise
drawings, build articles, frames,
fitted hornguides, castings etc.
£400 ONO. T. 01785 813299.
Stafford.
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The Sieg X3 vertical milling machine is deservedly popular

as it offers excellent value for money; it also offers many
opportunities for improvement. One of these involves

replacing the final drive gears with a belt in order to reduce

eleNsNalls
shelyefye

A Belt Final Drive
for the Sieg X3 Mill

noise and vibration. This article describes the design and
manufacture of an HTD belt final drive for the X3 mill.
The design stage was also an exercise in 3D CAD that
demonstrated some of the advantages of this method.

David has produced 3D models of the
X3 gearbox and some of the critical
dimensions. Naturally these are a bit
difficult to print in the magazine, so we
will be making them available on the
website www.model-engineer.co.uk

David Thomas revisits Dick Stephen's conversion of his X3 mill, published in MEW a decade ago.

Background

The Author’s workshop (photos 1 and

2) is a bit less than 2 metres wide by 5
meters long and by the time the Hercus
9-inch lathe, a fitting bench and storage
were installed there wasn’t much room for
a mill. The first machine was a homemade
version of the Westbury machine (non-
Dore) which provided many ‘learning
opportunities’ in its construction but was
limited in its capabilities. The available
space limited the possible choices of
commercial machines and my strong
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preference for a dovetail z-axis ruled out
most small mill-drills except the X3. In a
small brick-walled workshop the noise
level of the mill, particularly at high speed,
is significant and some of this is due to
the final spur gear drive to the spindle. A
search of the internet and the MEW and
M.E. indexes brought up the article by Dick
Stephen (MEW November 2005) where
the author described his conversion of
the gear final drive on his X3 to a High
Torque Drive (HTD) belt drive which

gave a significant reduction in noise and

an improvement in the surface finishes
obtained. The author had a few problems
trying to follow Dick Stephen’s approach
and this article describes how these were
overcome as well as giving details of the
design of the belt drive.

A first attempt

Following the drawings in Dick Stephen’s
article, | made the two pulleys in
aluminium, creating the grooves by the
hole-drilling method he described, and

Model Engineers’ Workshop



The author’: Wo;kshop north end.

the results looked good. Unfortunately,
when | came to assemble the drive the
300mm belt was clearly much too long.
The same experience has been reported
on the X3 forum by someone else so either
that person and the author both made the
same error, which is possible but unlikely,
or the final drive of the X3 exists in more
than one form, which is more likely. The
critical details are the shaft centre-to-centre
distance (which is not given in the Stephen
article) and the module (or diametral pitch)
of the gears. The gears on my machine
have the same number of teeth (28 driving
34) as described in DS and appear to have
very similar teeth so there is a bit of a
mystery there. With hindsight, | should
have stopped and done some proper
design calculations right away but instead
| set to and guessed the sizes needed and
modified the first set of pulleys; not too
surprisingly, this did not work.

Starting again

Having made the pulleys (particularly
having cut the keyways by hand,
something | find hard work and difficult
to get right) | was not about to give up on
the project but it was time for a rethink
of the design from first principles. This
was something that seemed like a good
idea at the time but led to more work than
expected. Perhaps this article will reduce
the work for others who decide to follow
the same path.

For those who want to get on with
making things and don’t have any need to
read the rest of the text then the final
version uses the same pulleys as ref. 1
(30 grooves driving 32) but with a 280mm
belt 15mm wide. Remember that this is for
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The author’s workshop south end.
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Section Of The Original X3 Head

a mill with 61.5mm between the spindle
and final drive shaft centres. If you do not
use the mill at spindle speeds below about
1500 RPM then a 9mm belt is adequate
and you can follow the Stephen article, for

the 15mm belt version and a lot more
information, please read on.

The basic idea of replacing the final drive
gears with an HTD belt seemed sound so |
started by studying the manufacturers
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literature for HTD belts (search for
‘Fenner’, ‘Gates’ or ‘Optibelt’ HTD belts).
For the high-speed work of clock making
in brass that motivated Dick Stephen the
9mm belt is adequate but for low-speed/
high torque work across the full range of
possible applications of an X3 mill 9mm
would be outside the specified limits and a
15mm belt is necessary (see below for the
calculations). A further cause for thought
about the belt size is that the primary drive
belt on the X3 is a 15mm wide timing belt
so using a narrower belt at the higher
torque end of the drive train seems odd.
This is where the project began to expand
well beyond the original intention. In order
to fit the pulleys for a 15mm belt some
modification of the X3 top cover (a
substantial iron casting) would be
necessary and the best way to determine
the nature of the changes was to draw up
the top-end of the machine in its entirety.
As | had purchased a copy of the Alibre
Personal Edition 3D CAD programme (now
known as Geomagic Design in commercial
form, or Cubify for hobby work) the
project also became a learning exercise in
the use of this. | hope that this article will
provide readers who have not yet used a
CAD package with some insight into the
considerable advantages of these tools.
As | suspected that my version of the X3
might not be identical to the one in ref 1
the first exercise in Geomagic Design was
to measure up and draw the top of the
head of my machine, see 3D models
online and sketch 1). | did not model the
input and output shafts of the gearbox or
the pulley driven by the motor in any
detail but what detail is there is correct for
size and allows you to assess clearances
correctly. What can be seen straight away
is that both the vertical and horizontal
clearances around the input pulley
constrain the driving pulley size. Figure 2
also shows the strange vertical offset
between the two gears for which | can see
no purpose but which would have been
easy enough for the manufacturers to
eliminate, if this is normal | would like to
know why it is there. From fig 2 you can
see that using a 15mm wide belt will
require removing metal from the
underside of the top cover, most having to
come off the boss that carries the oil-way
that is intended to lubricate the gears.
With the belt in place the oiling has to stop

anyway, in fact it is vital to blank off the oil
nipple to prevent anyone in the future
using it. Another 3D view available online
shows the 15mm pulley drive with the
original cover with interferences shown in
light blue. A cross-section view of the
existing X3 head is shown in sketch 1 with
the critical dimensions from the author’s
machine included. Having accepted the
need to machine the top cover then fitting
the 15mm belt drive looked to be no
problem so it was time to get on and sort
out the correct belt length.

Belt selection

The manufacturer’s literature gives a
method for designing a drive for a given
power and speed where both the pulley
sizes and shaft centres are freely variable
but for the conversion of an existing drive
there are more constraints. Note that the
manufacturers do not recommend the use
of idler pulleys. This section will follow the
recommended design process but, as will
become clear, what we are actually doing is
setting a limit on the lowest speed at which
the mill can use the full motor power. The
first step is to choose the tooth pitch and
width of belt necessary for transmitting
the required power. The process starts
with the motor power to be transmitted
multiplied by a ‘service factor’ that reflects
the level of usage. For most modeller’s
workshops, the service factor should
probably be 1.0 but if you use the machine
more than intermittently (up to 10 hours
per day) then the motor power should be
multiplied by 1.2 to arrive at the ‘design
power’ that is used for belt selection. In the
case of the X3 the rated motor power is 600
W and | assumed intermittent use so it is
reasonable leave this factor as 1.0. In our
case the centre distance is fixed so we can
estimate that the belt length is likely to be
less than 400mm and we therefore have
to apply a ‘belt length correction factor’ for
belts less than 400mm which is 0.8 giving
a design power of 750 W. We now have

to choose the tooth pitch of the belt and
here we hit the next design constraint: we
are limited to using a 5mm pitch belt as
the short belts that we will need are not
available in the 8mm pitch that the Fenner
catalogue indicates would be appropriate.
The fixed centre distance also allows us to
estimate that the total number of grooves
on the two pulleys cannot be more than

about 73 before the pulley flanges will
interfere. If we are to approximate the
speed ratio of the gear drive then the
number of grooves on the pulleys will be
close to equal and both in the low 30’s.

In the table of power ratings for 15mm
belts the columns for pulleys of 28 and 32
grooves show that for 750 W the minimum
rated speed is around 1000 RPM, for 600
W it is between 600 and 700 RPM. Based
on these design calculations the full motor
power may not be available (without some
signs of strain) when using the drive for fly-
cutting or boring operations that demand
low speeds.

Now we have determined the necessary
belt pitch and width, the length has to be
calculated to give pairs of pulleys with
5mm groove spacing. Replacing an
existing pair of gears, where the centre
distance is fixed, adds greatly to the
difficulty of choosing the correct length of
belt. HTD belts are only available in a
limited range of lengths so a usable
combination of pulley sizes and available
belt length had to be worked out. This
was done using a spreadsheet program
that implemented the formula for
calculating belt length for any pair of
pulley sizes. The results of this exercise
are shown in table 1 where pulley
combinations that | think will be
satisfactory are listed. The clearances
between the flanges of some of the larger
pulleys will be small and you will need to
take care with this.

First time around, | chose to use a
34-tooth pulley driving a 37-tooth with a
calculated belt length of 300.2mm. This
looked very close to 300mm, itis only a
whisker too short, but the belt is actually
very tight and quite difficult to fit. This
experience (a bit more thought in the first
place and it would have been obvious)
suggested that pulley combinations (table
1, if the centre-to-centre distance on your
X3 is 61.5mm) where calculation indicates
a belt length a little under a standard
length should be chosen. In fact, the
Fenner catalogue recommends an
allowance of 1.8mm extra for fitting but
this assumes that the centre distance can
be adjusted to tension the belt after fitting.
The final choice for pulleys was the same
as in ref 1, but now | knew the process
behind the selection and could have
confidence that the sizes would work.

Table 1| Pulley 2

Pulley 1 | # of teeth

# of teeth 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
20| 223.0 2255 | 227.9 | 230.2 | 232.5 | 234.7 | 236.9 | 239.0 | 241.0 | 243.0 | 244.9 | 246.7 | 248.5 | 250.3 | 251.9
21 228.0 | 230.5 | 232.9 | 235.2 | 237.5 | 239.7 | 241.9 | 2440 | 246.0 | 248.0 | 2499 | 251.7 | 253.5 | 255.3
22 233.0 | 235.5 | 237.9 | 240.2 | 242.5 | 244.7 | 246.9 | 249.0 | 251.0 | 253.0 | 254.9 | 256.7 | 258.5
23 238.0 | 240.5 | 242.9 | 2452 | 247.5 | 249.7 | 251.9 | 2540 § 256.0 | 258.0 | 259.9 | 261.7
24 243.0 | 245.5 | 247.9 | 250.2 | 252.5 | 254.7 | 256.9 | 259.0 | 261.0 § 263.0 | 264.9
25 248.0 | 250.5 | 252.9 | 255.2 | 257.5 | 259.7 | 261.9 | 264.0 | _266.0 | 268.0
26 253.0 § 255.5 | 257.9 | 260.2 | 262.5 | 264.7 | 266.9 | 262.0 | 271.0
27 255 belt 258.0 | 260.5 | 262.9 | 265.2 | 267.5 | 269.7 | 271.9 | 274.0
28 263.0 | 265.5 ) 267.9 ) 270.2 | 272.5 | 274.7 | 276.9
29 265 belt 268.0 | 270.5 | 272.9 | 2752 | 277.5 | 279.7
30 270 belt 273.0 | 275.5 @ 277.9 @ 280.2 | 282.5
31 278.0 | 280.5 | 282.9 | 285.2
32 280 belt 283.0 | 285.5 | 287.9
33 288.0 | 290.5
34 Values in this region are duplicated above the diagonal 293.0
35 295 belt
36 300 belt
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Pulley manufacture

The pulleys (table 2) were made by
drilling holes to form the grooves rather
than milling the full HTD profile although
there are notes on the drawings with the
correct dimensions for the pulley OD if
you want to mill the grooves. An integral

enough not to need any great tensile
strength, and you can use whatever is to
hand. Figures 1 and 2 give the necessary
details for making the 30- and 32-groove
pulleys respectively.

The machining sequence is very similar
for both pulleys, each starting with a

X3 Mill Belt Drive ”

(32-groove) pulley but the clearance
between the driving pulley shaft and the
existing X3 gearbox input pulley is tight
and the driver (30-groove) pulley shaft
must not be over size.

lower flange was included as there is length of 60mm diameter 6061 alloy cut Table 2: Small pulley di ions for HTD bel
no reason to make more parts than from the stock and faced to length. If you able 2: omall puliey dimensions for elt
necessary. Lacking any keyway broaches leave the bore solid at this stage and just drives, all dimensions are millimetres
(and planing the 8mm one looked like hard form a large centre then, after setting the Full
work) | made the keyways in inserted steel centre of the rotary table accurately under profile Hole
sleeves and glued these in place. If you the spindle axis of the mill, aligning the Pulley Belt Pitch | Pulley |Hole |PC
have 4mm and 8mm broaches, a slotting blank on the rotary table is straight- . .
attachment for the mill or a planer then forward. The centre needs to be in the end grooves | diometer | OD PCD_| radius
you can produce the keyways by a more of the blank that will later have the 20 31.83 30.69 129.89114.95
traditional method. grooves formed in it. Reverse in the chuck, 21 33.42 32.28 |31.48|15.74
Aluminium alloy 6061 was used for the leave the outside diameter of the 17.5mm
pulley bodies, mostly because that was portion at the stock size at this stage (in 22 35.01 33.87 13307116.54
what was in stock in the right sizes, but order to have plenty of metal outboard of 23 36.61 35.47 |34.67[17.33
using a relatively soft material helps with the holes when forming the grooves) and 24 38.20 37.06 |36.26118.13
machining. Nothing in the design turn the pulley shaft to size. The diameter
demands a light material, speeds are low of this is not critical for the driven 25 39.79 38.65 137.85[18.92
26 41.38 40.24 |39.44119.72
Fig 1 27 42.97 41.83 |41.03]20.52
¢ 28 44.56 43.42 |42.6221.31
s U | 29 46.15 45.01 |44.21 (2211
? 30 47.75 46.61 |45.81122.90
© 31 49.34 48.20 |47.40123.70
@23 ~ 646 - 32 50.93 |49.79 |48.99|24.49
33 52.52 51.38 [50.58 | 25.29
34 54.11 52.97 |52.17126.09
35 55.70 54.56 |53.76]26.88
t 36 5730 |56.16 |55.36]27.68
37 58.89 57.75 |56.95|28.47
o 38 60.48 59.34 |58.54129.27
I =y 39 62.07 60.93 [60.13|30.07
S 40 63.66  |62.52 [61.72[30.86
41 65.25 64.11 |63.31]31.66
42 66.85 65.71 |64.91|32.45
A 43 68.44 67.30 |66.50|33.25
44 70.03 68.89 |68.09|34.04
45 71.62 70.48 |69.68|34.84
46 73.21 72.07 |71.27|35.64
47 74.80 73.66 |[72.86|36.43
30 Groove Pulley And Keyway Insert 48 7639 17525 {74.45/37.23
49 77.99 76.85 |76.05]38.02
50 79.58 78.44 |77.64]38.82
35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
253.5 | 255.0 | 256.5 | 257.9 | 259.2 | 260.5 261.7 262.8 | 263.9 | 264.9 | 265.8 | 266.6 | 267.4 | 268.1 | 268.8 | 269.3
256.9 | 258.5 | 260.0 | 261.5 | 262.9 | 264.2 265.5 266.7 | 267.8 | 268.9 | 269.9 | 270.8 | 271.6 | 272.4 | 273.1 | 273.1
260.3 | 261.9 | 263.5 | 265.0 | 266.5 | 267.9 269.2 270.5 | 271.7 | 272.8 | 273.9 | 274.9 | 275.8 | 276.6 | 277.4 | 278.1
263.5 | 265.3 | 266.9 )| 268.5 | 270.0 | 271.5 272.9 274.2 | 275.5 | 276.7 | 277.8 | 278.9 | 279.9 | 280.8 | 281.6 | 282.4
266.7 | 268.5 | 270.3 | 271.9 | 273.5 | 275.0 276.5 277.9 | 279.2 | 280.5 | 281.7 | 282.8 | 283.9 | 284.9 | 285.8 | 286.6
269.9 | 271.7 | 273.5 | 275.3 | 276.9 | 278.5 280.0 281.5 | 282.9 | 284.2 | 285.5 | 286.7 | 287.8 | 288.9 | 289.9 | 290.8
273.0 | 2749 | 276.7 | 278.5 | 280.3 | 281.9 283.5 285.0 | 286.5 | 287.9 | 289.2 | 290.5 | 291.7 | 292.8 | 293.9
276.0 | 2780 | 279.9 | 281.7 | 283.5 | 285.3 286.9 288.5 | 290.0 | 291.5 | 292.9 | 294.2 | 295.5 | 296.7
279.0 | 281.0 | 283.0 | 284.9 | 286.7 | 288.5 290.3 291.9 | 293.5 | 295.0 | 296.5 | 297.9 | 299.2
281.9 | 284.0 | 286.0 | 288.0 | 289.9 | 291.7 293.5 295.3 | 296.9 | 298.5 | 300.0 | 301.5
284.7 | 286.9 | 289.0 | 291.0 | 293.0 | 2949 296.7 298.5 | 300.3 | 301.9 | 303.5
287.5 | 289.7 | 291.9 | 294.0 | 296.0 | 298.0 299.9 301.7 | 303.5 | 305.3
290.2 | 292.5 | 294.7 | 296.9 | 299.0 | 301.0 303.0 304.9 | 306.7
2929 | 2952 | 297.5 | 299.7 | 301.9 | 304.0 306.0 308.0
295.5 | 297.9 | 300.2 | 302.5 | 304.7 | 306.9 309.0 In this region pulley flanges interfere
298.0 | 300.5 | 302.9 | 305.2 | 307.5 | 309.7
303.0 | 305.5 | 307.9 | 310.2
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Now transfer the pulley blank to a rotary
table fitted for dividing and clamp
securely. Carefully centre the rotary table
axis under the spindle axis of the vertical
mill and lock the fore-and-aft travel. Early
in the project | mounted the pulley blanks
between a pair of V-blocks which gives
very good alignment but is fiddly to set up
(photo 3); later | took time out to make a
mounting plate for a three-jaw chuck
which is a bit less accurate but much
easier to use. Whatever method you use to
mount the blanks to the rotary table
remember that the future true running of
the pulley depends on this alignment.
Photograph 3 shows a 3MT centre fitted in
the mill spindle nose being used to align
the pulley blank with the spindle axis.

If you are going to form the keyways
directly in the pulleys a method that will
reduce the work of planing the keyways is
to drill 4mm and 8mm holes in the pulley
blanks in positions that remove much of
the material. Offset the blank by the
amount shown on the drawings and drill
the pilot hole at 4mm or 8mm as
appropriate (photo 4). After the pulley is
bored out for the shaft the ‘half hole’
remaining provides a start for planing (or
could even be a guide for filing out the
keyways by hand).

Now move the blank across to the
correct radius for the number of holes. Set
the dividing gear for the appropriate
number of holes and index round making
small pilot holes with a centre drill. This
will ensure that the 3mm drill starts
cleanly and serves as a check on the
division plate settings (photo 5). When
you are confidant of the settings, change
to a 3mm drill and index round again
drilling the final holes (photo 6). The alloy
used is a bit prone to building up on the
drill and the holes are deep relative to the
drill diameter so flooding with cutting fluid
is a good idea.

The method | adopted to form the
keyways was to bore the pulleys oversize
for the shafts and insert sleeves with the
keyways milled into them. These sleeves
are shown on figures 1 and 2, their
manufacture in photos 7 and 8. One
process that does need care is locating the
keyway grooves centrally on the axis of
the insert and here you can return the 3MT
centre to the spindle and use it to locate a
V-block under the spindle axis and set the
V-block parallel to the table travel with a
square off the table edge. When the insert
is mounted in the V-block, it should be
accurately aligned with the table travel
and centred under the spindle.

With the inserts complete, these can be
used as gauges while boring out the
pulley blanks. After assembly with Loctite
603 (photo 9) the composite pulleys were
turned between centres on mandrels to
make sure that the outer diameters ran
true (photo 10) and to reveal the grooves.

The driving pulley is secured to its shaft
using the original axial threaded hole in
the gearbox output shaft but the driven
pulley covers the original circlip groove
and could only really be held with
grub-screws. In practice this has not been
a problem as the drive has run many
hours now without this pulley being
locked to the spindle sleeve and there is
no sign of it moving up the shaft.

Two small components are needed to
complete the project: an upper flange for
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Milling the 4mm keyway in the insert. A V-block is clamped to an
y angle plate and the insert held down into it with a bar through the

Boring a keyway insert. central hole.

L9 Fig 3

@4 thru & c/bore @7.1 x 6
for cap screw

greov
(inserted keyway)

A pulley ready for final machining. \
The 3mm rods were for a final calliper \l_/

check on the hole PCD.

'
the 30-groove driving pulley and a 3.1
retaining collar to hold this down and @78 > =Y
secure the pulley to its shaft. The retaining - -

collar (fig. 3) has a counter-bored hole for @100

the fixing screw in order to clear the head Mat'l: Mild steel, 1.5mm thick

cover. The flange (also fig. 3) is just a large
washer in 1.5mm (or Vi inch) steel and
photo 11 shows the hole being bored out
in the mill with a sacrificial piece of .
plywood to protect the mill table. The Flange And Retainer For 30 Groove Pulley
outer surface was roughed out from the
sheet with a hacksaw and turned to size on
the outside of the jaws of a 3-jaw self-
centring chuck.

1

Turning a pulley on an expanding mandrel to reveal the grooves. Boring a pulley upper flange.
The lower flange is formed at the same operation. >
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Machining the extra clearance
in the X3 head cover.

Head cover modifications

In order to accommodate the 15mm wide
pulleys it is necessary to remove a few
millimetres from the inside of the top
cover. The dimensions for this are given
in fig. 4 and the process is illustrated in
photo 12 where a 16mm inserted tip end-
mill is being used to remove the metal.
The top of the cover is already machined
all over and is a good reference surface
for clamping to the X3 table with a sheet
of thick paper in between (I still have a
stock of 8 by 4 inch file index cards which
are idea for this). The cast iron proved to
machine easily and was free of chilled
areas or porosity.

One further essential modification is to
blank off the oiler apparently provided for
lubricating the final drive gears. This
lubrication is only ‘apparent’ as it does not
look likely that any oil from this will get to
where it is needed and the inside of the
top cover had a line of dirty oil that had
simply been thrown off the top of the
turning gears. With a geared final drive
this weakness doesn’t matter, with the belt
drive it needs to be avoided at all costs.

Further work

An alternative to the complications of
finding a workable combination of pulley
sizes and belt length would be, despite
the manufactures instructions, to devise
a way of fitting an idler wheel. This is not
ideal, and space will be a problem, but

Fig 4
9 r5.33

Cutter radius is

not critical Section A-A

Ar =

A—>

E N —

A—>
This is the measured dim.—# ~—30
- to the original surface on | -
87.34 the author’s machine 33.67

Machine away hatched area
to provide clearance for pulleys

Modifications To Existing Top Cover

it would free up the possible choices of
pulley sizes and allow a wider choice of
speeds. A much better method for driving
the spindle would be to replace the motor
with a more powerful one and eliminate
the two-speed gearbox and this is the
only argument | can see for buying the
Super X3 rather than the basic model. The
replacement motor could also be a three-
phase unit with variable-frequency speed
control or a DC motor and speed control
(ex-treadmill for instance) and this is what
I will consider next.

Most noise is generated when there is an
interrupted cut and a device for clamping
the splined drive to the spindle would be
worth experimenting with, this might also
improve the surface finish where the
cutting is continuous. The major things |
learnt were the strengths and weaknesses
of the X3: the finish on the machine is
good where this is needed but there
simply is not enough cast iron in the
structure. In particular, the column is
much less robust than it appears with the
sheet-metal cover in place, for the

machine to perform well the column
needs stiffening.

Conclusion

After all the work the project needs to be
evaluated: was it worth it? As a learning
exercise it was certainly worthwhile, for
the practical results, possibly not. The
reduction in noise is noticeable but not
great and, for the type of work | do, no
real improvement in surface finish is
noticeable. The X3 is very good value but
has some inevitable weaknesses; | still
think it was worth the money and will
persist in working on improvements. B

1. Dick Stephen, Modifications to the
X3 milling machine, Model Engineers
Workshop, No. 110, November 2005

W -~ - Y.

eoff Walker has shared
several Drummond M
projects, now he shares the
full story of his machine for
One Man and His Lathe.

Issue

Coming up in issue 237
On Sale 31st December 2015

Gold-star work with
Marcus Bowman and
CNC in the workshop.

Richard
Gordon
shows
you how
to make
this handy
set of
precision
parallels.

DON'T MISS THIS GREAT ISSUE - SEE PAGES 49 AND 65 FOR QUR LATEST SUBSCRIPTION OFFERS




ST — .

TOOLS LIMITED iy

Tel: +44(0)1780 740956 . .
Fax: +44(0)1780 740957 o

Precision machines made'in Italy for't e discerning engmee

ACCESSORIES Ceriani 400 E

Lathe Chucks, Drill Chucks, Tipped
Tools, Boring Bars, QCTP. HSS Tools, LA
End Mills, Slot Drills, Machine Vices, *|S030 Spindle
Clamping Sets, Slitting Saws, Arbors, e Table size -
Boring Heads, Radius Mills, DROs, 580 x 150mm
Rotary Table, CNC fits, Collet Chucks, e Travel - 420 x
Collet Sets, Flanges, Face Mills, 160 x 300mm
Shell Mills and Much More... (XYZ)
* 1.5 KW Motor
*100-3000 rpm
vari-speed
» Weight - 150 Kgs

All lathes and mills are backed by an
extensive range of tools and accessories

e Optional splash-
back and

safety ==
guard ¥

I Ceriani 203 Lathe

* Centre height - 100mm e Centre distance - 500mm
* Swing over gap - 260mm e Spindle bore - 20 or 30mm
* Motor - 1 HP * Weight - 80 Kgs

CoO | Hi
- Maﬂchmenbﬂu

MORE MACHINES AND ACCESSORIES ON LINE

Our machines suit the discerning hobbyist as well as blue chip industry

We regularly ship worldwide PRO Machine Tools Ltd.

Pi tact us for stock levels and technical detail - -
ease contact us for stock levels and more technical detai 17 Station Road Business Park, Barnack,

All of our prices can be found on our web site: Stamford, Lincolnshire PE9 3DW

www.emcomachinetools.co.uk R e

* Semi Norton gearbox e Four selectable feed rates
* Vari-speed option plus screw




From ARC to MIG

Part 2

In the second and final part of this series, Neil Wyatt
recounts his experience of putting mig welding into practice.

Like many MEW readers, |
have had a basic arc welder
for several years. | don't claim

any great proficiency with this
technique but | have managed
a few useful jobs. Now I've
decided to take the plunge and
try out MIG welding in the hope
of getting better results.

My arc and MIG
welders side by side.

between my simple old arc welder,

and my new Clarke MIG145 Turbo
from Machine Mart (photo 18). | went
through the various safety gear used for
welding so now I'll take it as read that
you will have this equipment, but may |
just cover a few more points. Obviously,
welding creates a very hot workpiece, but
it also throws showers of hot sparks in all
directions. Make sure that the area around
where you are working is free of any
combustible materials, in particular watch
out for oily rags. Another thing to watch
for is galvanized sheet — welding will
evaporate the zinc coating, and breathing
zinc fumes causes a very unpleasant
condition called ‘fume fever’. This can give
you nasty flu-like symptoms that may take
a few weeks to wear off.

I ast time | described the differences

Fig. 1

N

— O
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It's also important to let people know not
to walk in on you when you are welding,
and why - and to keep pets away as well.
Dogs and cats can get arc eye too!

Prepping

Just as with arc welding, MIG welding
benefits from good preparation of
‘prepping’ of the joint. This is not as
onerous as preparing for silver soldering,
partly because welding has much greater
gap-filling properties. Essentially there
are two things you need to do: make sure
the material is clean and that the joint will
allow the metal to flow right into it.

This is not an article that will go into the
details of joint design, but it is worth
remembering that the penetration of a
welding bead is limited. This means that if
you want to join thicker material the joint
will be much stronger if you grind a bevel
on edges to be joined. This allows weld to
be built up from the base of the groove,
creating a much deeper cross section to
the joint. Figure 1 gives an example to
show how this can greatly improve the
penetration of weld, although ideally in
this example you would want to weld
from both sides to get complete
penetration.

First Attempt

So after all this, we are finally ready to
start welding. In my case | decided to start
with some practice beads on some small
pieces of scrap. | cleared a space outside
as it was a windless day, and | have a very
sheltered spot enclosed on three sides that
| use for brazing. | donned my gear, set up
a pieces of 3mm steel and dialled in the

suggested settings of wire feed 7, gas flow
at about 7 and the lowest power setting.

In principle, the welder worked straight
away — out came the wire, it sparked and
drawing the torch along created a bead.
However, my first attempts were very
‘sputtery’ and inconsistent. | didn't seem
to be getting good penetration and the
weld was more a series of ‘blobs’ than a
real continuous bead (photo 19).

|

. .- T .I -

: - s
My first test piece with the MIG,
note the blobby weld.

The rusty coating should have told me
the gas wasn’t getting through.

Model Engineers’ Workshop



Damage to the shroua caused
by slow wire feed.

Naturally | tried various settings for the
power, gas and wire feed, but it didn't
make a great deal of difference. A bit
disappointed | packed everything away
and looked for more advice. The ‘rusty’
appearance of the welds (photo 20)
suggested that there wasn’t enough gas
getting through, although | had the gas
turned right up at the end. Was my
‘sheltered spot’ actually too exposed? |
had managed to make a bit of a mess of
the nozzle shroud, and the reason for this
was almost certainly that the wire feed
was too slow allowing the arc to travel
right up into the torch (photo 21).

Getting a helping Hand

| decided it was time to take some advice,
so | arranged to take the welder and my
kit over to see John Stevenson at the
legendary Bodger’s Lodge. Now one of
John’s specialities is building up worn

UAL PURPOSE Pila)

v
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Beginning MIG Welding ”

John quickly buzzed down a weld with one of his big

machines; two things were obvious - the ’‘sizzling bhacon’

sound of the weld forming, and the “hiss’ of the shielding

gas as soon as the trigger was pulled.

shafts with MIG weld and some of his
welds are almost a work of art (photo
22). Standing at a proper welding bench
showed some obvious advantages of just
having the work at a comfortable height.
John whizzed an angle grinder over the
thick metal surface of the bench, so with
the earth clamp attached, work could
simply be dropped down and placed in a
comfortable position for welding. A weld
bench isn’t essential for success, but easy
access to the work is a big advantage
when you are learning.

John quickly buzzed down a weld with
one of his big machines; two things were
obvious - the ‘sizzling bacon’ sound of the
weld forming, and the ‘hiss’ of the
shielding gas as soon as the trigger was
pulled. I had a go, and found it nice and
easy to get a passable bead on a flat metal
sheet. But the object of the exercise wasn’t
for me to play with a top-end professional
machine, it was for me to get the hang of
using my machine, which is aimed more
at the hobby or occasional user.

So, we set up the Clarke MIG 145. How
would it compare to the much more
sophisticated machine? The first thing
John noticed was the lack of gas coming
out of the torch. It turned out that | hadn't

— 195

The control panel of the MIG145.

December 2015

fully pushed the tube into the regulator
and in my enthusiasm to get on hadn’t
realised the hissing sound was coming
rom the wrong place. John was able to get
a reasonable weld almost instantly, but he
had a play around with the wire feed and
power controls and soon had the machine
working well (photo 23).

The Clarke MIG145 has two power
switches — min or max and 1 or 2 (photo
24) as well as the wire feed speed and gas
settings. We found that for 0.8mm mild
steel wire a feed rate of 7-8 with a power
of low 1 or a higher feed rate of 9-10 with
power of low 2 both gave satisfactory
results. The ‘high’ settings would clearly
be suitable for Tmm wire, and smaller 0.6
wire would probably need to be used on
Low 1 with near maximum wire feed.
Naturally, there may be some variation
between machines, but these settings are
probably a good starting point. The gas
setting isn’t critical — as long as enough is
getting through to shield the work.

Into action

Now | could have go with the machine
knowing it was perfectly able to lay down
a neat bead of weld, so | set too with a

John laying down a bead with the MIG145.
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This lap joint would be okay,

slightly larger pile of scrap and started
learning the best way - by practicing.

It really wasn't difficult at all to create a
half decent bead, with the settings above
(photo 25).

With the federate too low, or the power
to high, the wire melts and creates a bead,
but it doesn’t penetrate the work fully, and
it sits on top looking like a sort of ‘worm’
(photo 26). If the feed rate is too high,
then you feel the wire push back and get a
less well formed, broken, bead -

78 www.model-engineer.co.uk

if  hadn’t missed a bit.

accompanied by sputtering and sparking.
The result to aim for is where the wire
feeds into a small ‘pool’ of molten metal
that you draw along with the torch, and
this gives the steady ‘bacon sizzle’ sound.

As | continued | started to feel the wire
‘pushing’ the torch away from the work
even at the initial settings. Dropping the
feed a little improved things again, and |
suspect this was the feed mechanism
running in and getting a little freer and
faster.

A rather uneven attempt at big fillet.

i

Going back to a flat plate was easy, after trying to weld in corners.

Eager to run before | could walk | used a
magnetic clamp to hold some decent sized
sections of square tube together, and
practice some actually joints. This was
only 2mm steel so penetration wasn’t an
issue, and the tube corners were rounded
creating a good ‘target’ for the weld. | then
upended my construction and welded the
end of a tube onto a flat sheet.

My first attempts gave mixed results, but
they improved with practice (photo 27). |
rapidly discovered that unlike stick

Model Engineers’ Workshop



welding, where you nearly always have a
great view of the weld, it is quite easy to
find the MIG torch spoiling your view. It
took me while to realise that the weld
bench made it easy to reposition the work
and get a much more comfortable view of
the weld.

John saw these first fillet welds, he
suggested that it would be good practice
to go over them again ‘weaving’ the torch
to create a broader fillet, and also said that
using both hands to guide the torch would
help. It was quite surprising just how large
a fillet | could produce in this way,
although | need plenty more practice to
get an even result (photo 28).

| then decided to try a lap weld, this is
where two thick sheets overlap and you
fill the two resulting right angles with the
bead. My first bead wasn’t brilliant, but

| turned over the work and although it
isn't perfect the resulting weld is certainly
starting to show some progress

(photo 29).

By now | was happy with the settings
and far more comfortable with handling
the torch, so | finished off my practice
session by trying to lay down the best
straight beads | could across a steel plate.
The work was propped up at 45 degrees
and | allowed the shroud to drag on the
work ahead of the bead to help me keep
nice and steady.

The results are in photo 30 and though |
say it myself, given my relatively limited
experience, | think that the three bottom
ones made at the higher power with faster
wire feed, are a satisfying result. | won't
pretend that this experience has made me
into a coded welder, but although my

Beginning MIG Welding ”

practice welds aren’t perfect, they are
certainly neater than the results that | had
been getting with my stick welder. | can
also be confident they are good and clean,
without the slag inclusions left by arc flux.
I'm happy that the Clark 145MIG will
meet all my foreseeable needs in the
workshop, and I'm already putting
together a mental list of jobs for it. For a
start | need to make a two-wheeled trolley
and | have a big sheet of Tmm steel to
make a bigger splash back for my lathe.

Coda

My brother rang me up to wish me a
happy birthday and | mentioned I'd been
trying welding. Oh, he said, I've got a
spare MIG welder at Dad’s if you want it,
it's been there for years... B

Readers' Tips

EE—

We have £30 in gift vouchers
courtesy of engineering
suppliers Chester Machine Tools
for each month's 'Top Tip'.
Email your workshop tips to neil.
wyatt@mytimemedia.com
marking them 'Readers Tips', and
you could be a winner. Try to keep
your tip to no more than 400 words
and a picture or drawing. Don't
forget to include your address!
Every month we will choose a
selection for publication and the
one chosen as Tip of the Month
will win £30 in gift vouchers from
Chester Machine Tools. Visit
www.chesterhobbystore.com
to plan how to spend yours!

Giant Height Gauge

When marking out the frames for Rob
Roy | had a lack of height on my marking
gauge. | drilled and bolted the gauge to
a substantial angle plate as per photo
adding 5.905 inches to my calculations.
The height gauge is a Mitutoyo and is a
joy to use, it cost £20 at a car boot sale.
The surface plate cost £40. The giant angle
plate measures 9 x 12 x 16 inches and |
can't lift it. | paid for it less than it would
fetch for scrap. If nothing else the collapse
of our industry has certainly helped model
engineers by offering so much equipment
onto the model engineer's market.

Paul Lynch

—
Ao\ CHESTER MACHINE TOOLS

No more than one prize with a value of £30 will be given each month. By entering you agree your entry can be freely published and republished MyTimeMedia on
paper or electronically and may be edited before appearing. Unpublished tips may be carried forward to future months. You will be acknowledged as the author of
the tip. There is no guarantee that any entry will be published and if no publishable tips are received a prize will not be awarded. The decision of the editor is final.
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Al advertisements  will be inserted in the first available issue.
There are no reimbursement for cancellations. All advertisement must be pre-paid.
The Business Advertisements (Disclosure) Order 1977 - Requires all advertisements
by people who sell goods in the course of business to make that fact clear
Consequently all trade ads in Model Engineers’ Workshop carry this ‘T" symbol

NEW ADDITION TO PRODUCT RANGE  VISIT OUR WEBSITE FOR FULL

» 1130GV Variable Speed Lathe PRODUCT RANGE n TL L www.tOOICO.CO. u k
P

=344 B0 Balike «1130 GV Lathe . VARIABLE SPEED MILLS  Unjt 4, Ebley Industrial Park,

T [ ]
' + 280mm swing ; VM30 x 2MT Westward Road, Stroud, Glos GL5 4SP
i

=L 8 .« 700mm bc E """j'.- 700mm Table (Just 4 miles from Junct 13 M5 Motorwa
y)
W« Power cross feed -n‘:\ YM30V x IMT
* Spindle bore 38mm 700mm Table Tel: 01453 767584
g * Fully equipped T3z £ t1Y Email: sales@toolco.co.uk

840mm Table :
View our full range of machines and

[ R 7
T —— i.'" * Optioral 2 Axis DRO i
5 “y__ available equipment at our Stroud Showroom

Table
power feed

N available J_f ‘:]1

* Now with 38mm spindle bore

Phone for opening times before travelling

THINKING OF SELLING YoUR LATHE [~ Tol T oL ETR Tl
MILL OR COMPLETE WORKSHOP? e |

Cowells Small Machine Tool Ltd.

Conull Srmall Machin Tasks Lnd.
Tandring Rosd, Litls Renley, Calchabter CO7 RSH Fasax England
TulFax +84 [0}1206 351 792 s-mail sulwsfomwelliomm

WWW, lis. r 80mm X 800mm |
Mmuh:iurnolhin::::smsﬂcomMm1ﬂli.- ) | d tth dl d i k ' i mmi;“' )I‘no“\m[
resla oirsslrption Home workshops cleared for LG I [ n b |

milling mochines, plus comprehensive accessory ron : : - ¥=390mm :
™k ey o e oocrr professional no fuss manner? Contact | | M= R

5 y | PLEASE RING FOR FREE Compatible with Mach3  ©

David Anchell Quilstar (Nottigham), | oowonrmemauines owlbamimncs "
(01159206123 07779432060

Tel: (01269) 844744 or |
Order Online :

. www.routoutcnc.com |

01205 480 666

Cap. Csk. Button. Grub. Shoulder
METRIC. BA. BSF. BSW. UNF. UNC
Hexagonal & Slotted Screws Nuts & Washers.
Dowel & Spring Pins. HSS Taps & Dirills. Draper Tools.

NO MINIMUM ORDER * PROMPT SERVICE
Spepial Offer »++ Workshop Discount Pack ++*

socket, hex, and slotted screws

R
S i . Sodis 0 ey
I would now like to spend more time with my familj Seric Catalogue value of pack i over £50.00 %, XF:-"; ;’f’r A 3
interested in purchasing this lifestyle occupation geniai a-modestincom: E“3%";,:}232,:2'5{51'2222},4%3'"?5;"?,25:&‘: Y 't / ,;‘, “5
. -+ 4 > useful stock of screws in your workshop! LY e
in glorious East Devon, then please email or write to meft [ LB | i ot b sappit Rt Gartes \.g‘gs;';» g eiwoo [Iwn

David Fouracre, The Tool Box I.iﬂﬂt[.-. www.emkaysupplies.co.uk =5 LI E -

) . = mai: emkaysupplies@talktalk.net ‘

Umborne Bridge, Colyton, Devon EX24 6LU « e: info@thetoolbox.org.uk ey

ALL STEAM LOCOS WANTED

Anvy age, size or condition - any distance, any time.
,FREE VALUATIONS - with no obligation

VALUATIONS FOR INSURANCE

VALUATIONS FOR PROBATE - including
i advice for executors on family division,
= delivering models to beneficiaries, etc.

CASH PAYMENT - on collection.
WORKSHOPS BOUGHT AND CLEARED

With 50 years steam experience from driving BR Full Size locos down to
miniature locos, I guarantee to offer a professional, reliable and friendly
service, please don’t hesitate to telephone me-

Graham Jones M.Sc. 0121 358 4320
www.antiquesteam.com
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The Business Advertisements (Disclosure) Order 1977 - Requires all advertisements
by people who sell goods in the course of business to make that fact clear.
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For more than 25 years | have been serving model engineers, offering services
including the supply of top quality ‘used' machines and accessories, valuations,
pre purchase inspection of third party machines plus general advice and information,
For an onfine stockfist plus details of services available please

WESTERN STEAM
Model Engineers

Founder Member Assi of Copper Bolker Manufocturers (ME)

LU PPFR BOILE Rb

. . ; STATIC CONVERTERS,
go to my website or contact David Anchell direct. ROTARY CONVERTERS, DIGITAL

www.quillstar.co.uk MOTOR PACKAGES, APACTORS
Telephone: 0115 9206123 ¢  Mobile: 07779432060

INVERTER PRICES FROM £106+ VAT
Call: 0800 035 2027

transwave@powercapacitors.co.uk

www.transwaveconverters.co.uk

i 5‘ TAPS & DIES CONVERTERS MADE IN BRITAIN SINCE 1984;
g ] T 3-YEAR WARRANTY ON ALL CONVERTER
i £} Bucslont Gualy mrstusaplumc-sippiied PRODLICTS: BS EN 80012008 QUALITY
e N ; ASSURED MANUFACTURING ENVIRONMENT:
[ LA - A5 E‘:’a CE MARKED PRODUCTS COMPLIANT WITH
B Uﬂﬂﬁ Forge Way, Cléveland Trading Estate == [T EMC REGULATIONS, THE LOW VOLTAGE
°~~Darlington, Co. Durham. DL1 2P = F i (==, DIRECTIVE and BS EN (S0 61000-3-2:2006.
5 —=s
Hetals for Model Makers Brish e HOS taps dies culs stainless
Contact us fmCopper Brass, Aluminium, l:lEh::{Dsdaaﬁ) “3524 33039‘3;}‘&5';;(3351;;?; P:S
"Steel, Phospho B et a ng 32+401pi BA, i c
~ e bigeshor fronze, e, THE TAP & DIE CO
PHONE & FAX 01325 381300 445 West Green Rd, London N15 3PL
e-rnaﬁ sales@m-machine.co.uk Tel 020 8888 1865 Fax 020 8858 4613
\iw.m-machine-metals.co.uk www.lapdie.com & www.tap-die.com

PN [olu T olu Tl CINICE MPC
0 3 Axis CNC Kit Q

I i W e Mot Metal Procurement Company

Daughi Sk e ey 'mm"ﬁgmw Stockists of Carbon, Alloy, Tool, Duplex
new addiion 1o the workshop from your PG with sase. and Stainless Steels, Metals & Plastics
¥ Tsr:m 2 EM »:r:wup mmﬁtgg%:u Dia, Sq, Hex, Flats, Sections, Sheet & Blocks.

=] r ] i i
; Easﬁr SRS From 1mm - 250 mm Section, cut to size.
4 Free Roulout - Linux EMC CD We also buy unwanted tools & machinery
{Or add mach 3 CNC for £111.55) Unit1. 4 Lyme Street, Rotherham S60 1EH

W cam -uumnd-w-
(21178 2 RUTATY o clnictionc Bl WWW.metalsprocurement.co.uk

:ﬁ:,é?@‘.?,’,f:,ﬁ;ﬁ;:'m“"“'“"‘“‘“‘“ Tel: 01709 306127 Fax: 01709 306128

mg(c:i%ls

www.maccmodels.co.uk , _ _
Drawings, Castings & Machined parts.

We stock a vast range of materials in bar, e e S e e s R

tube and sheet. Including brass, copper, RUSTON-PROCTOR, FOSTER,
phos bronze, stainless steel, bright mild BURRELL FOWLER & MARSHALL

steal and aluminium.

We also stock a wide range of British made

=
=]
o
=
°
4]
=
4]
=
-
>
=
(C)
o0
=
(=]
S
el
7]
=
]
-
=
S
Q
=
S
=]
]
(=]
0
(%]
AN
0
0
<
0
<
<
0
(=)
=
(=]
o)
=
(=]
S
)
)
£
)
<
c
©
3]
c
=
(]
-t
1)
©
-t
=
=]
o
)
%)
o0
®©
o
: i [<}]
taps, dies and steam fittings. 3
=
-t
=
(=]
[<}]
L
-t
t
o
>
°
(1
2

Catalogue & pricelist - £4.00 from:
Live Stream Models Ltd.; Unit 7, Old Hall Mills, Little Eaton. Derbyshire DE21 5DN
E-Mail:info @ mmodels.co:uk www. livesteammodels.co.uk

el: 01352 850811
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making things possible

Remap is a charity
that helps children
and adults with
disabilities to achieve
greater independence
and enjoyment of
life’s opportunities.

Our volunteers make
special one-off pieces
of equipment and
everything we do

is given free to our
clients.
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Hawarden Industrial Park
) CHESTER
Nr Chester

Machine tools CH5 3PZ

W: www.chesterhobbystore.com

Orderline: 01244 531631 E: sales@chestermachinetools.com

H80 Bandsaw
90mm 90° Capacity
0.54HP Motor
£195 inc vat

SBC-90 Shotblast
Cabinet

100PSI@5CFM Air delivery
Includes FREE bag of grit
£102 inc vat

Model B

w2, Lathe/Mill/Drill

Rk (’ﬁ 520mm Between centres

-~ 420mm Swing over bed
2 £989 inc vat

Century Mill

400mm Vertical travel
600x180mm Table size
£1086 inc vat

DB7VS Lathe
300mm Between centres
180mm Swing over bed ‘ o
£699 inc vat -2
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626 Turret Mill
320mm Spindle to table
660x152mm Table size
£2364 inc vat

Conquest Super Mill
270mm Spindle to table
460x120mm Table size
£547 inc vat
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w Imperial
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180mm Swing over bed

£

| Brand new catalogu%

£399 inc vat ~, ‘:
- OUT NOW‘- Machifgﬁs _é

920 Lathe

T
L
&
=
£
©
=
_—
£
[

500mm Between centres

240mm Swing over bed ition

£699 incvat New cofnp?aw‘
and prize aras

- ZOMPETITION &'

www.chesterhaobbystore.com Call USI"W -l
salesEchestermachinetools.com to get vou



