FREEI WIXEY DIGITAL ANGLE GAUGE

B FOR ALL NEW UK SUBSCRIBERS

rmnMODEL ENGINEERS™

.' G BACKGEAR
VUNIMAT SL LATHE

CNC MILLING I THE (MODEL CU'ITING GEARS FOR MAKING AN INJECTION
ENGINEERS ') WORKSHOP A COWELLS I.ATI-IE MOULDING MACHINE

o e
e e

'I'HE MAGAZINE FOR THE HOMEWORKSHOP MACHINIST



PRO
MACHINE

TOOLS LIMITED m EMCO

Tel: +44(0)1780 740956 Maschinenbau y:u-\
Fax: +44(0)1780 740957 o g

Wabeco CNC Mill Wabeco Lathe - centres - 600mm
CC F1410E D6000E « Centre Height - 135mm
, ®

s Speed - 30-2300 rpm
= Power - 1.4 KW

«Table - 500 x 200mm
»Z axis - 280mm = Speed - 140-
3000 rpm = Power - 1.4 KW

*Table - 450 x 160mm e
= 7 axis - 320mm
= Speed - 365-1800 rpm .
* Power - 250 W

(kT

Wabeco 1 ® « Table - 500

Ceriani
i X 150mm .
Mill = g Mil
F1210E §, | David
* 7 axis - 403
280mm » Centres - 500mm = Centre Height - 200mm =
‘W N * Speed - = Speed - 100-1800 rpm = Power - 0.75 HP = Table -
& Jwarranty 140-3000 rpm 420 x 160mm

| Power - 1.4 KW ACCESSORIES 7 axis - 300mm

Lathe Chucks, Drill Chucks, Tipped =

. 100-3000 rpm

*_ Tools, Boring Bars, QCTP, HSS Tools, S PpgeE - 1.5 KW
: End Mills, Slot Drills, Machine Vices, i c

Clamping Sets, Slitting Saws, Arbors,
Boring Heads, Radius Mills, DROs,

CNc lathe cc DﬁoooE Rotary Table, CNC fits, Collet Chucks,

o Contre itinca - c0mm Collet Sets, Flanges, Face Mills,

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

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

'D ACCESSORIES ON LINE
Our machines suit the discerning hobbyist as well as blue chip industry

We regularly ship worldwide PRO Machine Tools Ltd.

Please contact us for stock levels and more technical detaif ; ;
17 Station Road Business Park, Barnack,

All of our prices can be found on our web site: Stamford, Lincolnshire PE9 3DW
01780 740956 = 01780 740957 I

WWW. el'l'l GOI‘I’I a Ch i I‘IBtOO IS. CO " u k sales@emcomachinetools.co.uk

.

warranty
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On the

Editor’

On the move

Please note that there is a new editorial
email address for Free Adverts and
articles. Please use the address
on the Free Adverts page for all
correspondence direct to David Clark.
Letters will be forwarded by the Post
Office for a few months. | will update the
Contributor’s Agreements soon.

Teach-In 2014

This new series starts in this issue. |
have started with a look at planning
permission and sheds and will continue
with sheds and prefabricated garages
next time. The series will be very
comprehensive and will probably last
into 2015.

The first machine purchased will be a
lathe, | have chosen a Myford ML10 as
they are well made and are readily
available for about £600 with some
equipment. You can of course buy
whatever lathe you wish, it will make no
difference to the series.

| ariginally purchased an 8 foot x 6 foot
garden shed but | found out two weeks
later that we were moving so | sold it on
eBay. | would have taken the shed with
me but the new property has a
substantial clean and dry brick outhouse
so | will use this as a workshop instead.

| am looking forward to the Model
Engineer Exhibition, | am going for a
few hours on Sunday, hopefully getting
there for about 10am. The maker part of
the show will be first on my agenda as
this sounds interesting especially as you
can buy a RepRap 3D printer for about
£600 from the RadioSpares website:
http://ulc.rs-online.com/web/

MACHINE MART GIFT CARDS

Take the stress out of choosing
the right present, just give your
friends or family a Machine
Mart gift card or e-voucher, or
better still, ask them to buy
one for you!

You can add any value, from
£20 - £600 when you buy in
any of Machine Mart's 64
superstores or online at
www.machinemart.co.uk
or by telephone on
0844 880 1250.

To find out more about
Machine Mart’s gift cards, their
huge choice of tools and machinery or to

or call 0844 880 1265.

order their FREE catalogue you can visit any of their 64
superstores nationwide, go online to www.machinemart.co.uk

ARTICLES WANTED

| would like to see some more
interesting and unusual articles for
Model Engineers’ Workshop. | still have
quite a few articles in the bank but this
will soon deplete if | don’t get some
more. All articles are being moved

on to a central server so if you think |
have one of your outstanding articles,
please let me know so | can ensure it is
included in the article bank.

| have an account with RadioSpares so |
am seriously considering buying one and
doing a short series on it. The printer
sounds very useful for making patterns
and things as well as printing out
complete components. Also on the list of
things to look at is a laser cutter, a small
Ad one would be fine.

Scribe a Line

Scribe a Line is not dead, it is just having

a rest. It should be back in MEW 212.

Keep those letters coming, | will need
more shortly. Please supply a head and
shoulders photograph of yourself to
accompany your letter. | also need to know
where in the country (or the World) you
live. We will only print the nearest large
town or the country if you prefer. Other
readers like to know where you live.

Dol 40l




« AMADEAL Ltd.s

www.amadeal.co.uk

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

For prnfessiuna! or fmbby purposes

i YOS
Bgs T

machines Ihdt we Gd.’!}' I you require parts and e
they're not fisted on the website, drop us a line &
or email us and we might be able to help you.

{Between 11-4pm)|

{Between Ham Bpm|

Tel: (+44) 0208 558 4615 or 07887 945717 or (+44) 0208 553 9055

QUALITY WELSH STEAM GOAL
from SIGNAL FUELS

6 x12 mm

Peas/Grains

GRADED Beans 12 x22mm WASHED
Small Nut 22 x 45 mm |
SIZES Large MNut 45 x 65 mm SCREENED

(all sizes pre packed in 20 kg bags)
We can supply from one bag to any quantity required,
»>>>>>> to any destination! <<<<<<
For an efficient and friendly service, please contact:
Signal Fuels - 01773 747 027
Trevor Evans - 07974 434 447

Email - signalfuels@hotmail.co.uk

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

Hemingway

Hemingway Kits
128 Dunval Roed, Bridgnorth
Shropshire WWV1E 4LZ
Unitad Kingdon
TelFao: +44 (0) T74E 767730
Ermail:Info@hemingwaykita.com

www.hemingwaykits.com

he| a
gahé’ad

Discerning craftsmen the
world over trust Hemingway
Kits to add precision,
productivity and capability
to their workshops.

Order with confidence from
our 40 page catalogue or
sacure website and add real
“satisfaction” to every job.

@® TOP DESIGNERS
® HUGE RANGE
@ GREAT SERVICE

Don’t know what it’s worth?

® (Good prices paid for all live steam models
Locomotives from gauge 1 to 10% inch
Traction engines to 6 inch scale

Part-built or broken through to exhibition quality

* A no-obligation offer and firm decision
over the telephone

* Fully-insured collection nationwide

e Payment in full on collection

Speak to the experts

STATIONROADSTEAM COl\I

Build, buy & sell all types and sizes of locomotives, traction & stationary engines
Call Mike or Jayne Palmer on 01526 328772

Station Road Steam Ltd, Unit 16 Moorlands Industrial Estate, Metheringham, Lincs LN4 3HX
Open daily Monday to Friday from 8am to 6pm, visitors welcome by appointment
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ull‘h‘ ENGINEERS HEAVY u.rt'-
o:’;‘égBENCNES o
INCLUDES SINGLE MECHANICS >

T g o g *Sturdy lower shelf *Durable PROFESSIONAL
P el TOOL GHESTS/

i CABINETS
OMLY

WHERE QUALITY
COSTS LESS

m ENGINEERS

BENCH VICES
9= A range of fixed and swivel
vices with top quality
cast iron construction FrOM ONLY
2
| BS.m,.m
Shown fitted with
optional 3 drawer unit
ONLY £84.99 Ex.VAT
£101.99 Inc.VAT

gl * 300mm between cenfres = U{IHH thread
screw cutting = Electronic variable 3pe
= Gear change sat = Self centerlnu aw chuck q

BALL®00050
I’EI.I.I'NG BRAEs
DESC.  DINS

COMPACT
i PRECISION LATHE
CL250M (DCTCG00B 6 Drehest BOZ260G4) 55208
LR CTCO00B 8 Drohest G10E568) £6408 £77.00
MEASURING CTCB085 Or vt ESECTD 1108 14150

= Variable spee
= 250mm between centres
‘Power feed, optional screw cutting

MIG
w WELDER

Al models include:

EQUIPMENT ’ Al S
T > (DCTL70087 Dr cabinet 61053303875 £139.98 £167.98
. v 62033001320 £149.98 £170.98

MICRO MILLING

& DRILLING

MACHINE

= 1 50w/230v motor = Variable

speed 100-2000mpm = MT2

Spindle Taper = Face mil

capaeity 20mm, end mill 10mm

*Table cross travel S0mm

longitudinal
B0

travel 180mm

r/

INDUSTRIAL
ELECTRIC FAN HEATERS

y ARC/TIG
INVERTERS
= |Ised for ARC & TIG
welding, utilising the

enamelled finish
= Adjustable heat output

* Precision engineered with thermostat to achieve

metric milling/drilling
with cast iron head,
base & column

= Low amp operation -
ideal for auto bodywork
& mild/stainless steel

= High quality gas torch kits
for use wzth propane

= 16mm drill ehuck.
= Spindle speeds
100 - 2150rpm

= 750w, 230v motor

4 14197d%
CMD1225D

H'.I.HE OF SIEVERT WELINNG
SUPPLES ALSO IN S]W.‘A’

DESCRIPTION
PC109  Gas torch, 3 nozzles E!Sﬂ £31.10

ﬂlé&i}'m] 1.5m hosa & mgﬂa.tar
PC108 Gas torch, 3 nozzles £2 £31.19
rzs,xtnssnmm], 1.5m hosa & regulator

£230
ARC ACTIVATED

si'master
HEADSHIELDS ‘

COMPRESSORS

* |deal for liffing &
maoving models
= Foot pedal operated

STAPLE & NAL GUN

KITS HUGE RANGE N
CATALOGUE & OMNLINE
= Superb range
ideal for DIY, hobby
f semi-professional

BENCH GR!NDERS

. Siﬂndﬁ come cumplete an bokt mountings
Bl'ld feet ETIGI’!)I’ UV cramp AVALABLE FROW
ONLY £471.99 EX. VAT
21 LR £50.39 INC. VAT

£3 3%

CBGBW features
8" whetstone &

%STDTH.
#With sanding belt
* Inc one grinding &

HTL300
HTLS00

Glarke roLisHING KIS

= Kit Inc: Tapered spindle,
Ehing, pag (a0

o m

forhogn pz;umsﬁ finish & i

compound

4" EI EXVAT £23.98 Inc VAT
6" £24.99 ExVAT £29.99 Inc VAT
8" £20.00 ExVAT £35.98 Inc VAT

CLARKE 88 AIR HOS:
FROM ONLY £5.99 EX VAT
 ET19 NG WAT
‘i?:&o.t:.lﬂ‘-'!

500kg  340-900mm_£279.00 £334.80

Hp £19.
EI-HI 7.5cfm 24fr £99.98 £110.08
EHp aa 24ftr £100.98 £131.08

LlFF 24l £114.99 £137.00

CABLE MAX LOAD
B)  HEIGHT EX VAT ING VAT

AMTECTS) 3y 16 150 $419,00 §50280
e T8 £ was £155.08 in, VAT # was £191.98 inc. VAT

OPEN 7 DAYS
3 EASY WAYS TO BUY...

IN-STORE
64 SUPERSTORES

ONLINE
www.machinemart.co.uk

CORDLESS ROTARY TOOL WITH 262 FIECE KIT ALSO)
IN STOCK, ONIY £34.99 EX. VAT £41.99 NC.VAT

OPEN MON-FRI 8.30-6.00, ™
VISIT YOUR LOCAL SUPERSTORE <5 30:5.50, suii 100020030 10 3
BARNSLEY Pontefract Rd, Barnsley, 571 1EZ [Pl % vz: BN EXETER" 16 Trusham Rd. EX2 BOG NORWICH 282a Heigham St. NR2 4.7 01603 766402
B'HAM GREAT BARR 4 Bimningham Rd. 0121 358 7977 GATESHEAD 50 Lobley Hill Rd. NEB 4XA 01914932520  NOTTINGHAM 211 Lower Parliament St. 0115 956 1811
B'HAM HAY MILLS 1152 Coventry Rd, Hay Mills 02 773433 GLASGOW 280 Gt Western Rd. G4 9EJ 92‘31 PETERBOROUGH 417 Lincoln d 01733 31770
BOLTON 1 Thynna St. BL3 6BD 01204 365799 GLOUCESTER 221A Barton St GL1 4HY 01462 417 48 pyypaouTH
BRADFORD 105-107 Manningharm Lane. BT 35N 01274 330962 GRIMSBY ELLIS WAY, DII32 960 TIATEIAMI: Cout b e e e
BRIGHTON 123 Lewes Rd, BN2 308 916999 HULL 6-10 Holdernass Rd. HUS 1EG A 2 Bl o e e o B Dogmor O b AT
BRISTOL 1-3 Church Rd, Lawrence Hl. BS59JJ 0117 9351060 ILFORD 746-748 Eastem Ave. 152 7HU 0208 518 4286 .
BURTON UPON TRENT 12a Lichfield St. DE14 302 01283 564 708 IPSWICH Unit 1 Ipswich Trads Centre, Commercial Fioad_01473 221253 PRESTON 53 Blackpool Rd. PR2 68U 01772 703263
CAMBRIDGE 181-183 Histon Hoad camhrld e. CB43HL mmm 0113231 0400 SHEFFIELD 453 London Rd. Heeley. 52 4H) 0114 258 0831
CARDIFF 44.45 City Rd. CF2: 0116 261 0688 SIDCUP 13 Blackfen Parade, Blackfen Rd 0208
A 01522 543 036_ SOUTHAMPTON 516-518 Portswood Rd.
0151 709 4484 SOUTHEND 1133-1141 London Rd. Leigh on Sea 01702 483 742
01244 311258  LONDON GATFORD 285/231 Southend Lans SE6 3RS 0208 6956684 STOKE-ON-TRENT 362-39F Waterlon Rd, Hanlsy 01742 287321
COLCHESTER 4 North Station Rd. COT1RE. 01206 762831 LONDON & Kendal Parade, Edmonton N18 020 8803 0861 SUNDERLAND 13-15 Ayhope Rd. Grangetown 9 510 8773
n, E10 020 8558 5284 01792 792969
CROYDON 423427 Brighton Rd, St Croydon 020 8763 0640_ LONDON : 020 7 24

MAIL ORDER
DARLINGTON 714 florthgate, DL1 1RB 01325 380 841 01582 728 063 758 L7 0115 856 5656
0 8. i .

DEAL (KENT) 182-188 High &t. CT14 660 01304 373434 MAIDSTONE 57 Upper Stone St ME1S BHE 01622 769 572 TWICKENHAM 85-85 Heath Rd.TW1 4AW 00 8802 17 |
DERBY Derwent St. DE1 2ED 01332 290 931 MANCHESTER ALTRINCHAM 71 Manchester R, Aftrincham 8161 9412 666 WARRINGTON Unit 3, Hawley's Trade Pk. 01926 630 937
DONCASTER Wheatizy Hall Road 01302 245 999 Unit 5, Tower Mill, Asfiton Ol Rd 0161 2238376 WIBAN 2 Harrison Street, WS 3AL 01942 323 785 l c o LL E c.r

DINBURGH 163-171 Piersfield Terrace 0131659 5919 MIDDLESBROUGH Mandale Triangle, Thomaby 01642 677881 WORCESTER 48a Upper Tything. WR1 1JZ 01905 723451
Minimum call charges from a BT landline are 5p/min to 0844, Calls from mobiles and other networks

MANCHESTER OPENSHAW
DUNDEE 24-26 Trades Lane. DD1 3ET 01382 225140 MANSFIELD 169 Chesterfield Rd. South 01623 622160 WOLVERHAMPTON Parifield Rd. Bilston (1902 494186
may vary.
For security reasons, calls may be monitored. All prices correct at fime of going to press. We reserve the right to change products and prices at any time. All offers subject to availability, E&OE.

LEEDS 227-229 Kirkstall Rd. [ 54 2A5
LEICESTER 59 Melton Rd. LE4 6PN

LINCOLN Unit 5. The Pelham Centre. LNS 8HG 023 8065 7788

SWANSEA 7 Samlet Rd. Llansamiet. SAT 3AG
SWINDON 21 Victoria Rd. SN1 3AW
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CNC IN THE

(MODEL ENGINEERS")
WORKSHOP

Marcus Bowman continues
his series of articles aimed
at beginners to CNC.

MAKING AN
INSTRUMENT
MAKER'S VICE

David Piddington machines
a Hemingway kit of casting
and materials.

BUILDING A MINIATURE
DRILLING MACHINE
Stephen Bondfield uses an
outrunner motor to power

a drill.

UNIMAT SL LATHE
MODIFICATION

Terry Gorin adds back gear
to his Unimat lathe.

TEACH-IN 2014

The editor looks at setting up
a home workshop.

ontents

37

40

43

47

SUBSCRIBE TODAY!

AND SAVE UP TO 23% OFF THE SHOP
PRICE PLUS RECEIVE A FREE WIXEY
DIGITAL ANGLE GAUGE WORTH £22.50.

ENHANCING A CENTEC
VERTICAL HEAD

Gary Wooding adds a

depth stop to his mill.

REPLACING

LATHE BEARINGS
Alan Hearsum Fits Taper
Roller Bearings to a Myford
ML7 Lathe.

CONVERTING A WARCO
GH1000 LATHE TO CNC

John Pace increases his CNC
machine capacity.

60

IN PRAISE OF THE
HUMBLE FLYPRESS
John M. Smith shows
you how to select a press
and make a simple Vee
bending tool.

BUILDING A

PLASTIC INJECTION
MOULDING MACHINE
Trevor Ford makes a

useful machine.

HOLDING SHORT
ENDS FOR CUTTING
WITH A BANDSAW
Brian Woaod offers a
woodworking solution to a
metalworking problem.

www.model-engineer.co.uk

Model Engineers’ Workshop



Coming up...

in the February issue

Brian Wood looks at simple gearing
for metric threads on Myford ML7
lathes with gearboxes.

Mark Noel uses a computer mouse
as a Digital Readout Device.

David Clark continues his new beginners
series with advice on sheds and garages.

Regulars

3 ED’S BENCH

The editor’s news and views.

49 BOOKREVIEWS

62 FREE ADVERTS

ONTHE COVER  >»

This Unimat Conversion is
described in this issue, see page
25. Photo by Terry Gorin.
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THE MOST VERSATILE TOOL FOR TURNING & FACING

It's easy to see why our best selling turning tool is the SCLCR. It can turn and
face a har without altering the toolpost, and the 80° noss angle gives much more
strength than a 60° (trlangular) insert. The N.!ﬂ" insert cuts steel,
stainless, cast iron, ph bronze, al per, brass
etc. Please state shank size required - 8, 10 or 12mm square
Spare inserts £6.22 each for §-10mm tools, £7.22 for 12mm.

SPECIAL OFFER PRICE £39.20

USE THE OTHER 2 CORNERS FOR ECONOMY!

Our SCRCR rough turning tool uses the same inserts as the SCLCR Ev
tools above. The good news is that it uses the other two corners! These [ T57

very strong 100° corners are rigid enough for rough or intermittent
turning. The insert is mountad at 75° to the lathe axis. 10mm sq section [
(for CCMTO6 insert) and 12mm section (for CCMTO02 insart).

SPECIAL OFFER PRICE £39.90
PROFILING WHEELS or SHAPING AXLES & PILLARS?

If you need to create complex shapes, our SRDCN button tool is invaluable. The
10mm square shank holds a Smm dia cutting insert, and gives great versatility,
superb strength and excellent tool life. The late Mr D Hudson of Bromsgrove SME

used these tools for many years to profile the special form &8
of tyre treads for his self-steering wheel sets with great
consistency. Spare inserts just £5.72 each,

SPECIAL OFFER PRICE £39.20
TURN SMALL DIAMETERS with LIVE CENTRE IN PLACE!

The SDJCR tool uses a 55° insert, allowing access to small diameter components]
when using a tailstock centre. It can also profile back-angles. © A

The NJ17 insert cuts steel, stainless, cast iron, phosphor
bronze, brass, copper, aluminium ete. Shank size 10mm
square section. Spare inserts just £6.22 each.

SPECIAL OFFER PRICE £39.20
A TOP QUALITY BORING BAR FOR YOUR LATHE

Here's your chance to own a top quality bering bar which
uses our standard CCMTOS insert. Steel shank bars can

Bar Dia.

Min Bore

8mm 10mm |generally bore to a length of approx 5 times their]

10 mm 12 mm diameter. Please state bar dia req'd - 8, 10, 12 or 16mm.
18pare inserts just £6.22 each. @

12 mm 16 mm

16 mm 20 mm

SPECIAL OFFER PRICE £42 .58 j
WAKE UP FROM YOUR NIGHTMARE WITH KIT-Q-CUT!
The original and famous Kit-Q-Cut parting tool fits the vast majority of ME lathes,
including ML7 & ML10 machines, regardiess of toolpost type. Th ol can)
effortlessly part through 1.5/8" dia. bar, It comes complete with
key to insert and eject the tough, wear resistant insert.
Cuts virtually all materials. Spare inserts just £9.92 each.
SPECIAL OFFER PRICE £65.50 #h i
55° NEUTRAL THREADING and PROFILING TOOL

Cur SDNCN tool with neutrally mounted 55° insert allows Whitworth,
BSF & BSP threads to be generatad, as well as profile turning - both
towards and away from the chuck. The 10mm sguare shank comes as
standard with 0.2mm point radius insert. Inserts also available with
0.4mm or 0.8mm radius at the same price of £6.22 each.
SPECIAL OFFER PRICE £39.90

TITEX 20° TiN COATED COUNTERSINK SET
This 6-piece set of Titex 3-flute, 90° HSS countersinks
represents exceptional value for money, The reliel ground
tools cut without vibrating or scoring, giving accurate
ceniring and good chip removal. For deburring,
countersinking and chamfering of holes, e.g. for screw heads
and rivels. Also suitable for cylindrical counterboring of screw
holes and chamfering of tapping holes. Titanium Nitride
copaled for improved ool life and surface  finish,
The set comprises one of each size, 6.3mm, §.3mm, 10.4mm. 12.4mm,
16.5mm and 20.5mm, and comes boxed in a plastic presentation case,
SPECIAL OFFER PRICE £49.90

DORMER DRILL SETS AT 60% OFF LIST PRICE!

All our Dormer drill sets are on offer at 60% off list price. The Domer A002
self-cantring, TiMN coated drilla are also available to order individually in Metric
(1.0mm to 13.0mm in 0. 1mm increments) and Imperial (3/64" to 1/2" in 1/64"
increments} sizes. Please see our web site for details and to place your order.

TURNING, BEORING AND PARTING TOOLS COMPLETE WITH ONE INSERT

Please add £2.75 for p&p, irrespective of order size or value

bREENWO()D TOOLS

Greenwood Tools Limited
2a Middlefield Road, Bromsgrove, Worcs. B60 2PW
Phone: 01527 877576 - Fax: 01527 572365
Email: GreenwTool@aol.com

Buy securely online: www.greenwood-fools.co.uk




CNC In the

(Model Engineers')

This series of articles starts
with the fundamentals and

covers many aspects of CNC
programming and machining.
The series is not specific to one
make or model of machine tool,
but it does feature Mach3 and
Vectric software throughout.
There is a support website

for the series at:
www.cncintheworkshop.com

All we have

If all we had were straight line moves, we
would still be able to do some good work
with our CNC machines. That's just as well,
because the straight line move is all we
have. But it's surprising where straight lines
can take you. Remember that the control
software, and the NIST core within that, can
make the Controlled Point (CP) travel in a
straight line between any two points.

A line is fine, and if we combine a
sequence of moves we can travel around
a square path. If we do a bit of
trigonometry, we can use straight lines to
travel around the periphery of any
polygon. A polygon simply means a shape
with many corners, and in a regular
polygon the sides are all the same length
and the angles are all the same.

Workshop
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Marcus Bowman looks at CNC for the beginner.
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The more sides on a polygon, the closer it approximates to a circle.

Fig. 39

Figure 39 shows that if we start with a
square and increase the number of sides,
we soon get to the stage where the shape
looks awfully like a circle. You might think
a circle has a curved periphery, but unless
we use a rotary table, a CNC circleis a
polygon with a lot of small straight lines.
The more lines there are, the shorter they
will be, so the better the polygon will
resemble a circle, and because we can
easily cut lots of sides we can usually get a
pretty good result. The result will certainly
be good enough for everyday use and we
are limited only by the effects of backlash
and rigidity.

The trouble is, working out where the
vertices (corners) are for a square is
usually not too difficult, and doing the
same for a polygon with a few more sides
is do-able, even if it requires more
troublesome calculations, but calculating
the co-ordinates for lots and lots of sides
leads to what the Victorians often called
brain fag.

Flat circular tool path, showing
CP travelling round in a circle
at a constant Z height.
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Fortunately, there are G code
commands which can do that for us. In
fact, we can use two simple commands
designed specifically to move around a
circular path, and all the relevant
calculations are done while the machine
moves the CP.

G1 moves the CP in a straight line. G2
moves the CP in what appears to be a
circular path, clockwise (as viewed looking
down through the Z axis and the mill
spindle).

G3 moves in a ‘circular' path,
anticlockwise.

Editors note: The direction of G2 and G3
are easy to remember. G2 is clockwise
(two characters = CW) while G3 is counter
clockwise (three characters = CCW).

We will refer to these G2 and G3 paths
as being circular, from now on, but they
are not; they just use small straight lines
to approximate a circular path. That
should be good enough, under most
circumstances. When we run into
unexpected problems, we can return to
the fundamental truth that the CP follows
a polygonal path.

A circular path can be a part-circle (i.e. an
arc) or afull circle, or more than a full
circle. The path can be ‘flat’, parallel to the
mill table and in the X-Y plane (fig 40), or it
can be a spiral, moving the Z axis up or
down as the CP moves in an XY circle.
That creates a spiral path which looks a lot
like a helical spring (fig 41).

To be able to work out the path, Mach3
needs to know some basic information. If
you were going to draw a circle on paper,
you would want to know the position of
the centre of the circle, and the radius of
the circle (the distance from the centre of
the circle to any point on the
circumference of the circle) as shown in
fig 42. Using G code, there are two basic
ways to specify the size and position of
the circle. For the moment, we will use
just one of those methods, because it's
more versatile. It's the ‘Centre Format Arc’.

Model Engineers’ Workshop



First, the CP must be on the
circumference of the circle (fig 43) so this
is a circular move from where the CP is
right now. If you want to machine a circle

Tool0

or an arc somewhere else, you will have to Helical tool

go there first. We will refer to this starting path, showing
position as the current location, or the the CP
‘current point’. spiralling down

Next, we need to know where the end of into the work.
the path will be. If we move a full circle that
would be a move back to the point where
we are now but if the CP is to move in an
arc and not a full circle, Mach3 needs to
know where to stop. Sometimes it is easy
to identify that point, and at other times we
may need to do a bit of careful reasoning
from a drawing, but we do need to know
that point. We will call that the ‘end point’.

Finally, we need to know where the centre
of the circle is, in relation to the current
point. The G code interpreter can then work
out the radius of the circle, which will be the

Computer Aided Manufacture "

distance from the current point to the centre

of the circle. It is aware of the starting point

because that's where the CP is right now, Fig. 42
and it can simply travel around the circle 19.
until it gets to the end point.

There are two ways to specify the centre
of the circle. One is to specify the actual
co-ordinates of the centre, and it is called
‘Absolute IJ mode’. This is not too handy,
because it nails down the centre of that
circle quite firmly, and we will see later
that it is useful to have a bit of flexibility
so that we can cut the same circular path
in a different place. If we specify the actual
co-ordinates (i.e. the ‘absolute’ co-
ordinates) we will find it difficult to do
that, because we have said where the
centre of the circle is always to be.

The second way is to specify the X and Y

Fig. 43
End Are
Current
Centre {Start)

distances from the current point to the

centre of the circle. That means the centre is
always placed in relation to where the CP is
currently located. If we move the CP to Parts of a circle.
another place, we can cut a similar circle

Segment

An arc, showing the Current (Start)
and End points and the Centre.

there because the centre is located in

relation to the current point. There is a

wrinkle or two, but that's a big advantage.

This second way is our recommended Circular
method, for now, and it's called ‘Incremental workpiece
IJ mode’, such handy names? with two
We can specify which mode we want by through
using the command G91.1 to set holes and a
Incremental IJ mode, or by using G92.1 to shallow arc.

set Absolute |J mode.

In a program, our recommended
initialisation block already contains G91.1,
so that takes care of that, while that
program is running.

Startup Modals -
I~ Use Init Sting on ALL "'Resets"
Initialization String
'|G80

Motion Mode-
(" ConstantVelocity ¢ Exact Stop
Distance Mode 11 W Mode
& Absolte ¢ Inc | T Absolute & Inc

R22

Active Plane of Movement (0,0)

X Edge of material
[l A8 il b S Ve 1l '
L= —————— Fig-44 Green arc 0.25mm deep
Set the I] Mode from the Config > Red holes cut right through material Fig. 45
General Config menu. >
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The finished work.

You can also type G91.1 in MDI mode. But
to simplify things, in case you forget, Mach3
can be set up to use G91.1 by default. From
the menus, choose Config > General Config;
look in the second column from the right,
about half way down, in Startup Modals,
and set |J Mode to Incremental (fig 44).
When Mach3 starts up, it issues some
commands to set itself up, and this is where
it gets some of its settings.

Good practice means we should specify
the IJ Mode within a program, for example,
but having this set as the default condition
means if we are working in MDI mode and
not running a program, we can still use
Incremental IJ made without having to
issue a G91.1 command every time.

For now, you should also check the box
marked ‘Exact Path'.

An example

After all that preamble, let's take an actual
example.

Figure 45 and photo 73 show a circular
plate with a pair of circular holes and an arc.

Let's assume a workpiece which is a
1.5mm thick piece of aluminium or brass
sheet, 50 x 50mm, with the work origin (0,
0) at the front left corner.

The programs which follow assume the
use of a 2mm diameter end mill or slot
drill, but you could use a 3mm or 3.16mm
diameter cutter if you adjust some of the
sizes given in the example programs.

The largest arc is a shallow groove,
0.25mm deep. The two smaller circles are
cut out of the workpiece and then the
circumference of the outer circle is cut to
full depth to release it from the sheet.

The centre of the large circle is at (24,
26). You may wonder why it's not dead
centre, at (25, 25). That's because you will
not learn as much if X and Y have the
same value. Think of it as an excuse for
more advanced mental gymnastics.

Taking the green arc first:

If the CP is at the left-hand end of the arc,
at (9, 34) and the arc ends at (39, 34) then
the CP will need to move clockwise, so we
need to use a G2 command.

The format of a circular move is:

G2 X~Y~Z~A~B~Crl~d~

where the ~character (the tilde character)
stands for a number.

We will not be using the A, B or C axes
for a while, so we can simplify that to:
G2 X~YnlZe s Je

The X, Y and Z values are the co-
ordinates of the end point of the arc.

10 www.model-engineer.co.uk

| is the distance along X from the current
point to the X co-ordinate of the centre of
the arc. Calculate it using the formula |l =
Xcentre — Xcurrent.

In this case, | =24-9=15

J is the distance along Y from the current
point to the Y co-ordinate of the centre of
the arc. Calculate it using the formula J =
Ycentre - Ycurrent.

In this case, J =26-34=-8

So our command becomes:

G2 X39Y34Z-0.2115J-8

To try that out, set Z0 with the tool at the
top surface of a convenient piece of
material. Then, aftering the following code
to take account of any obstructions,
cutting in air 10mm above the work:

G0 Z10
GO X9 Y34
G2 X39Y34Z10115 J-8

How could we take that cut, for real? If
you use a centre cutting end mill or slot
drill, you could use

GO Z10 (take the cutter above the work)
GO X9 Y34 (position the CP above the start
of the arc)

GO0 Z0.01 (lower the CP to just above the
work)

G1 Z-0.2 (take a plunge cut to depth)

G2 X39 Y34 Z-0.2 115 J-8 (cut at constant
depth)

Or you could position the CP on the top
surface, at the start of the arc; cut around
the arc, descending as you go, reaching
full depth at the end. Then cut back at
constant depth to the start of the arc. That
way, the cutter will gradually ramp into the
work as it cuts, then remove the tapering
bottom of the arc on the way back.

If the return cut starts at the right hand
end of the arc,

Xcurrent = 39, Ycurrent = 34
| = Xcentre - Xcurrent =24 -39 =-15
J = Ycentre — Ycurrent = 26 - 34 =-8

The cutter travels anticlockwise this time,
so the return cut for the arc is:

G3X9Y34Z-0.21-16J-8
and the code becomes:
GO Z10 (take the cutter above the work)

GO X9 Y34 (position the CP above the
start of the arc)

GO0 Z0.01 {lower the CP to just above

the work)

G2 X39Y34 Z-0.2 115 J-8 (cut clockwise,
ramping into the work)

G3 X9 Y34 Z-0.2 I-15 J-8 (cut anticlockwise,
at constant depth)

GO Z10 (lift the CP clear)

Look ut where you are going
If we were orienteering, | imagine it would
be useful to look up from the map, from
time to time, and use common sense to
decide in which direction we should travel.
Oh lock; it's over there, to the left... 500
metres away.

| and J state how much the CP needs to
travel from the current point to get to the
centre of the arc. Imagine standing at (9,
34). How would you move the CP to get to
(24, 26)7? For X, you would move it 15 to
the right, so 115. For Y, you would move it
8 towards the front of the table. That's
travelling in the negative ¥ direction, and
that's -8 units, so J-8.

This amounts almost to counting on
one's fingers, but it gives a useful check on
our calculations.

Arithmetic interlude

The arithmetic of all of this is quite simple,
except that it is sometimes not. Negative
numbers can cause local overheating of
long dormant brain circuits, especially when
there are multiple negatives in a subtraction.
Forgive me for teaching my grandpa to suck
eggs, but here's how | see it:

A sum like 39 - 24 should cause no
trouble, because we are subtracting two
positive numbers. But look at this arc
{fig 46):

If the CP is at X-21Y34

| = Xcentre — Xcurrent=-6--21=15

If you are comfortable with that
calculation, just skip the rest of this
arithmetic explanation. If not, please
continue.

Just to be pedantic, every number has a
sign. Where it is a positive number, we
usually omit the sign, but it is useful to
leave it in, sometimes. In that case, our
sum becomes:

(-6) —(-21}

There are a couple of simple rules as to
how to handle multiple signs which occur
together:

+ next to + is the same as one + sign
+ next to — is the same as one - sign
- next to — is the same as one + sign

Fig. 46

(-21, 34)

(-6, 26)

(9,34)

Another example arc.
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So our sum becomes:
-6 +21

Now look at the size of the numbers. 21
is bigger than 6. How much bigger? 15.
But the biggest number is positive, so the
result will be +15 (written simply as 15,
omitting the positive sign).

Check using the Look Where You Are
Going method. Standing at the current
point (-21, 34), is the centre of the arc 15
units to the right {or 15 units towards the
back of the table, for Y movements)?

If the CP is at the right-hand end of the
arc, at (9, 34),

Xcentre — Xcurrent=-6- +9=-6-9=-15

Check: Is the X co-ordinate of the centre
15 units to the left of the current point?

Cutting out a circular hole
Now look at the left-hand circle in fig 45.
Its centre is at (14, 21) and its radius is 5,

We could position the cutter over the
circumference of the circle, and cut an arc
all the way round, finishing where we
started. The trouble is that wouldn't give
us what we want. Unlike the previous arc,
where we simply cut along the path of the
arc, this time we must take into account
the radius of the cutter. Figure 47 shows
that when we cut inside a circle, to leave
the circumference at the final finished size,
the path of the CP is inside the
circumference, and its radius is the radius
of the circle minus the radius of the cutter.
That's because the cutter cuts on its outer
edge, which is further away from the
centre of the circle than the CP.

Assuming a 1Tmm radius (2mm diameter)
cutter and a 5mm radius (10mm diameter}
circle, the CP needs to follow a path with
4mm radius (i.e. 5 — Tmm).

Where to start? It doesn’t matter much
for this circle. Move the CP to (18, 21)
which is as good as any other point. From
the centre, moving to left or right, up or
down takes us to a point whose co-
ordinates are easy to calculate. It is
unnecessarily difficult to calculate the
co-ordinates of any other point on the
circumference of the circle, unless you
fancy a bit of recreational mathematics.

The cutter moves around the inside of
the circle, and the spindle turns clockwise,
so conventional milling means the teeth of
the cutter should bite into the material as
it moves forward. That means the cutter
should move clockwise.

The End of the path will be the same as
the Start: X18 Y21

The Centreis at X14 Y21s01=14-18=-4

and J=21-21=0

That makes sense, because standing at
the current point (18, 21) which will be the
Start, moving 4 units in the -X direction
(to the left) takes the CP to the centre of
the circle.

G0 Z10 (Safe Z)

GO X18Y21

GO0 Z0.01

G2 X18Y21Z-0.25 1-4 JO

will spiral around the circle, descending as
it goes, until Z is -0.25

Add some G2 commands with the same
values except that Z should increase each
time, perhaps in increments of -0.25, until
Zis-1.50
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Fig. 47
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The CP lies
inside the circle,
displaced by the

radius of the
cutter.

That reaches full depth but leaves the
ramped part created at the beginning of
the last pass. There's a choice here:

Continue with the G2 commands, making
the last two Z values -1.75 and -2.00, or
take the cutter down just below the bottom
surface of the work, then do a final pass at
that Z height, to leave a flat bottom on the
groove, removing the remaining tapered
section left from the previous cut. The pass
with Z-2.00 is simply to ensure that the
cutter does cut all the remaining material
and is right through the sheet, because the
previous cut started at Z-1.50 and there
may be small errors in the sheet thickness
or our Z positioning.

G2 X18 Y21 Z-1.60 |-4 JO (ramps down
from the last height)
G2 X18 Y21 Z-1.60 I-4 JO (flat bottom)

That frees the centre from the rest of the
disc, but the cutter will cut into the surface

under the workpiece, so that should be the
same material, or softer, than the
workpiece itself. It also means that we
need to get into the habit of regarding the
supporting material as sacrificial, because
it is going to get cut every time the CP
descends below the bottom of the work;
and that will be often.

The waste should break free, so be ready
to step out of the way. | recommend
blowing the waste away as it breaks free,
using an airline or a puffer of some sort.
The waste itself won't do much harm, but
with a small cutter working in a small hole
like this there is always the danger of
damage if the waste jams between the
circumference of the circle and the cutter.

The other circle, with centre at X34 Y21
can be cut in just the same way. In fact the
commands will be the same except for the
values of Xcurrent and Ycurrent.
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Making an

Instrument Maker’s Vice

« Part 3

David Piddington machines a Hemingway kit of casting and materials.

[ was asked by one of our regular
advertisers ‘Hemingway Kits' if

[ would make two of these vice
assemblies to check the drawings
for accuracy, and to compose an
outline of how the project might
be worked.

ext, slacken off the cross slide
N locking screw and wind the slide

towards you. We now need to take
a minimal cleaning-up cut across the box
face which is easily done by improvising
a flycutter (photo 36) where it can be seen
that | used a right-hand HSS turning tool
set across the jaws of my selfcentering
chuck. This is not the correct use of a
chuck, but a light loading such as this
should not damage your equipment and it
works well for me.

It is necessary for both ends of the boss
to be true to the bore for if not, both the
head end, and particularly the clamp nut
will tend to sit at an angle and easy
rotation will suffer.

Facing off the opposite end was then a
problem that | puzzled over for several
days. Obviously it had to be at exactly 90
degrees to the bore. The ideal would be a
face mill of % inch bore and of a greater
diameter than the boss. | used a cutter like
this when an apprentice on the fitting
benches where two internal bosses had to
be ‘trued’ up prior to hand-scraping while
fitting an oscillating component between
them, However, | don't have a face mill
and suspect few readers will have either
and, having had a brief look on the
Internet, I'm not certain what these are

Facing the boss.
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The two
finished vices.

catalogued as anyway, so the option of
cutting this face while still in situ for
boring had to be abandoned except for the
possibility of making a special cutter and a
bore-sized mandrel for same and back
facing; experts only.

Using my equipment including the rotary
table with both a horizontal and vertical
mounting, | made a split expanding
mandrel from silver steel and with a
MNumber 3 taper tap size % inch BSF did a
trial assembly as shown in photo 37 and
photo 38.

Oh! And, yes, | know it's a crude slit
made with a saw in a vice, but if readers
really want to set up with a slitting saw
and make a precision slot just for one job,
please go ahead. Photograph 39 shows
the initial test cut being completed using
the side of an end mill, and with an
additional rotation prevention device, a
small Myford angle plate, at the front to
‘push’ against the cutting force.

Expanding mandrel to take the casting.

Editor’s safety note. Please add a clamp to
the casting and the angle plate.

| was surprised at having removed only a
minimal amount of metal from the first
face to find that my castings must have
been close to final size as received.
However, measure your casting before
machining remembering that the overall
dimension is not critical, in fact the design
of screw and clamp knob allows for a
shorter upper boss. Warning, take light,
smooth cuts, limiting the onward cutter
feed to no more than % inch for each pass,
as this is not a robust method of securing
the casting.

Remove the sharp bore edges and do
any additional surface trimming that you
desire and then we can continue with
machining the steel components. There is
a cutting list on Hemingway Sheet 1 of 3
and | suggest that you identify each piece
with a felt tip pen mark on the item
number. Please note that there is no

The casting on the mandrel.
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Machining the boss.

number 10 on the list, though as | was
supplied with two off x 4BA socket head
cap screws, | assumed these were for that
item. There is sufficient metal on item 4 to
make this and item 12.

To establish a route towards completion
of this project, the numbers of the cutting
list seemed a good way to proceed.
Photograph 40 is of my unmachined parts
numbered for identification. | used white,
as this shows better on a photo.

The clamp spindle (drawing 2) is 7
inches diameter mild steel and is provided
with a % inches chucking and machining
allowance. Face both ends of both lengths
of bar and put a BS2 centre drill at both
ends having checked that the end is
running truly. If it is not, then use your
fixed point steady to keep it true. A Griptru
chuck is ideal as it can be reset when
required for accuracy. Alternatively,
particularly for the centering, use the
four-jaw chuck setting the bar using a DTI
(Dial Test Indicator).

Photograph 41 shows the centering and
facing set-up. Incidentally, to set the
steady first loosen the three steady bars
with the main unit close up to the chuck
jaws. In press them in turn finger-tight on
to the component bar and tighten the
clamp nut. This operation should be done
with the over arm clamp nut also finger
tight only. Tighten the steady bar nuts

—

The raw materials.

A\

fully. Now move the unit outward to the
end of the bar, as in the picture, and put a
few drops of lubricating oil on the bar and
tighten the over arm clamp nut. Now
carefully face off the component bar to 3%e
inches long and centre drill. Repeat for the
other ends and parts.

Next, between centres, ‘rough out’ the
bar as seen in photo 42 but starting from
the larger end would be better. Imagine
that the smaller diameter length has yet to
be machined, thus the large end is first
‘roughed’ to % inch diameter and % inch
along and then the bar is reversed and the
smaller diameter taken to %s inch diameter
and 2%: inches long. This part will remain
a chucking spigot and will ultimately be

al

removed. The remaining diameter may be
machined to '%s inches diameter

Note also the crude swarf deflector made
from an offeut of 0-010 inch brass shim,
vital for me as my workshop is an indoor
ground floor spare bedroom, or at least
that's what the building was designed for.
Also note the extended ‘Piddington’ tool
holder which | described in Mode/
Engineer volume 162 of 1989, issue 3844,
which enables the top slide to remain
parallel to the lathe’s axis and still clear
the tailstock.

Remember that removing metal also
creates a lot of heat, which in turn creates
expansion of the workpiece so after every
long cut, and after 2 or 3 of the shorter
ones, readjust the tailstock centre to be
firm with no slack. In ‘the good old days’
before live centres were readily available,
hardened plain centres were used and
with these it was essential to frequently
re-adjust the centres for, if you didn't, you
incurred the foreman’s wrath when the
centre point welded itself to the
component and scrapped both that and
itself. We frequently used to lubricate with
tallow in attempts to avoid these disasters,
but | believe we all learned the hard way,
possibly more than once.

| am assuming that you will already have
a driving plate and carrier. My home-made
unit is shown here. The plate is made from
% inch x 2 inch MS plate as is the carrier.
The driving plate is centrally secured to a
Myford (reference 1935) chuck back plate
with 4 inch x ¥4 inch BSF Countersunk
socket screws. The contact arm of the
carrier is shaped to a width of 5/8 inch to
fit closely in a slot machined centrally on
both halves of the driving plate. Cutting
slots both sides make for equal balancing.

3
h;

7/8

76—

e .
Centering and facing the bars. Roughing out the bar.
§ = Initial dim. for drilling @1/2in hole
- §7/8
0.750 ————— = [—
After drilling @1/2
face off 0.005
0.125 -~
After drilling @ 1/2 8 d
face.off 0.005 ! 8 I2in BSF
— 2 |/ [/
{10
| 2 - I I B P
Q
N_gir o112 | T
76— ~—=E
§ = Drill & ream
together in situ 33/8 o
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Tangential tool finish right;
Carbide tool finish feft.

The completed shoulder.

The contour of the plate has proved
satisfactory in its rotational balance.
However, the drive part was bent at its
upper end with the aid of an oxy-acetylene
torch to get it red hot. Anyone copying this
idea without the necessary heat could
substitute a 90 degree piece to fit between
the forks double-screwed to the main dog
body. It will also be noted that the Vee
where the workpiece is clamped has two
brass contact inserts to reduce clamping
damage to components; these were
brazed in position, but again could be
screwed on.

Returning to the clamp spindle, finish
machine between centres being very
careful to adhere to strict dimensions. No
manufacturing tolerances are given but the
% inch length should become a close
running fit inside the upper boss of the
casting and the other end and the clamp
ring should be machined similarly. So, if
the drawing says 2'% inches, then work as
close as possible to the decimal
conversion, i.e. 2.500 inches. The 3% inch
diameter shown % inch long which has to
be a close sliding fit inside the clamp ring
should be made exactly 0-750 inches
diameter so that it can be used as a gauge
when finish boring the ring. For the actual
finishing it is perhaps best to revert to HSS
tools rather than carbide tipped. The best |
have found is a tangential tool described
and advertised in recent years though |
made my own. Carefully ground, this tool
can produce an excellent surface.
Photograph 43 shows the difference; that
on the right is the tangential tool result and
that on the left was done with an almost
new carbide tip, only used for these two
shafts, both using the same spindle speed
of 600rpm and the same feed of 0.002
inches per spindle revolution.

| took additional photos to show how,
should readers have a batch of identical
parts to make, | machined the angle to
accept the clamp ring. Photographs 44 and
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Ready for rhreadfn-g.

45 are of some length and depth stops
improvised with toolmakers clamps and
photo 46 is of the completed shoulder to
accept the clamp ring.

Reverse the clamp spindle between
centres and set a length stop so that the
major diameter is exactly 0.875 inches
long and reduce the smaller diameter to
about ¥ inch. This is now only a chucking
spigot for the threading operation and will
eventually be removed altogether. Pick up
a very fine file with a handle and remove
the burrs from the three machined corners
giving these a tiny radius. It is best to use
the file left-handed to keep your hands as

Beginners Start Here "

The finished thread.

tightened, tighten the chuck also. The
thread length is given as % inches. Make a
felt tip pen mark around the bar at this
distance to work to with the front face of
the die. Use a lubricant such as RTD. And
the highest spindle speed in back gear.
Photograph 48 shows the result, though
the tool post had to be removed to allow
support for the die handle as it would be
unwise to attempt this using your hand for
this operation. After the threading there
will be some burrs left so remove these
carefully with the fine file used recently. A
rub with some well-worn emery cloth
might not be amiss either.

Remember that removing metal creates a lot of heat,

which in turn creates expansion of the workpiece so after
every long cut, and after 2 or 3 of the shorter ones,
readjust the tailstock centre to be firm with no slack.

far away as possible from the revolving
driving plate and carrier.

As already mentioned, we can now
thread the clamp spindle end. For those
intending to screwcut this will be done with
it already between centres. As | already had
a pre-set die in its holder which will cut an
exact size thread | chose that option. If you
are like me put the clamp bar back between
centres but without the carrier and then
position your fixed steady and adjust the
bearing blocks on the ‘to be threaded
shank’ as in photo 47. Now remove the
steady, driving plate and headstock centre,
re-fit your three-jaw chuck putting in the
clamp spindle spigot end with the chuck
jaws finger tight. Reposition the steady
leaving sufficient protrusion for the die to
cut the thread and with the over clamp fully

The part list for the clamp ring (drawing
3) lists it with diameter of 1% inches and it
is supplied as bright drawn stock at this
nominal size, which, when measured, is
one thou' undersize and not necessarily a
precision diameter along its length. With
the possibility that your chuck is well used
and not accurate, the use of machine-able
soft chuck jaws is recommended. Readers
who have not used this process before
should note that after buying a set, these
must be carefully fitted to your chuck
using a fine file along the inner slot sides
of the jaws, but not the chuck slides, until
the new jaws will slide smoothly into their
appropriately numbered slot. It would be
best to dismantle the chuck and clean out
any swarf and grease internally, then
grease-lubricate and reassemble.
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A ‘spider’.

Before boring the jaws to accept your
workpiece, a block of metal, or a special
device called a ‘spider’ must be positioned
at the back of the jaws so that they may be
tightened on to it. The spider must be
sufficiently large to enable the minimum
amount of metal to be bored from the jaws
to a diameter of about 0-000 to 0-002 inches
less than the diameter you wish to hold
ensuring a firm grip. If larger, then the
workpiece can ‘wobble” and accuracy will be
lost. These spiders are badly named as they
usually have three adjustable bolts in it at
120 degrees. A spider is shown in photo 49;
you might make several of these in different
sizes. The boring process is shown in photo
50 where the ‘spider’ is just visible. When
you have more than one component it is
best to set a depth of cut stop for the tool. If
possible the % inch hole should be reamed,
but lacking one of those, bore to a gauge
made from 3 inch diameter precision
ground mild steel or silver steel. Aim for a
close sliding fit on the gauge.

Boring the jaws.

Finish boring for the body of the clamp
screw at 7% inch, setting a depth stop for
the tool as described before using the
body of the component as the gauge.
Make sure that the bore depth is exactly
the same as the length of the clamp bar
where this will fit. Then carefully part off
leaving an amount for cleaning up to
length later. | recommend using a live
tailstock centre to support the work,
though you might wish to make an
oversize slip-over centre for larger bore
diameters. Photographs 51 and 52 show
this operation and the home-made
accessory unit.

Re-chuck the clamp ring and face off
both ends as required making certain that
the end with the internal collar is exactly in
line with the mating face on the clamp
spindle. Then, noting that the length of the
turned boss on the spindle is exactly 0-875
inches long, make sure that the outer end
of the clamp collar is exactly in line with
its mating face. Carefully remove all sharp
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The tooling bush.

edges just enough so that you cannot cut
your fingers on. This was called ‘breaking
the edge/corner’ in my younger days.

We now need to hold these two
components securely together while the
cross hole for the vice strut is drilled and
reamed. The way that suggested itself to
me was to have a special long bush that
could be clamped to the threaded end of
the clamp spindle and pressing firmly onto
the clamp collar using a nut on the
threaded end. This would be reamed
through ¥z inch diameter having a shallow
recess in one end to clear the % inch
diameter of the clamp spindle’s central
boss. A piece of % inch diameter by 1%
inch long mild steel with a shallow recess
on one end face, machined out to just
larger than % inches, will serve for this and
| will recommend a drawing to be
included, as well as a piece of bar in the kit
(photo 53).

In order to use this we now need a
locking nut and it is unlikely that most
readers will have a standard hexagon nut
for this. However, the vice needs a clamp
knob (drawing 4) and a vice knob {drawing
11) of which the former has the thread
needed. The 1% inch diameter bar
supplied is long enough for both
components. Face the minimum of metal
from both ends ensuring that the faces are
at ninety degrees to the axis.

My method now uses my rotary table
together with a chuck with a dedicated back

Model Engineers’ Workshop



plate solely for use on this equipment. First
align the table with the axis of the milling
head spindle and, as an optional extra, also
align the unit square to the mill table (photo
54). Make sure you take up the entire
leadscrew backlash, and note in which
direction, so that when you set the radius
for the grip indents, 1 inch for a 2 inch PCD
(Pitch Circle Diameter, you wind the table in
that same direction and then lock firmly
both the X and Y table axes. Note also that
there is a location bar from the Clarkson
chuck to the three-jaw chuck with which the
bar is gripped (photo 55). This is before the
backlash setting is done and the chuck
locked to the table (photo 56).

After fitting and clamping a % inch end
mill into the quill chuck, set a depth stop
to, say, ¥ inch from the top of the clamp
knob steel and plunge the cutter carefully
down. Repeat this for the other eleven
grips making sure that you index
accurately at 30 degrees each which on a
60:1 ratio worm wheel is five turns of the
setting handle for each division. If you
have an industrial dividing head, this may
have a different worm and wheel
combination in which case you will have
to work out the correct number of turns or
just use the degree scale on the rotary
table. Photograph 57 shows the work in
progress. [t is inevitable that swarf will
enter the body of the chuck, but this can
be considerably reduced by forcing in
small wedges of ‘kitchen roll’ paper as can
be seen in this image. Then invert in the
vice and repeat for the other end, though
make sure the chuck jaws grip between
the machined indents.

With two knobs of unequal dimensions |
spent a long time deciding on whether to
leave the bar in one piece and turn end on
for common dimensions, or to part off
into two separate pieces. Parting off in a
smaller lathe has its difficulties,
particularly for larger diameters such as
for this project but | felt this was the way
to go remembering that soft chuck jaws
would enable the inner tapers to be
standardised even though their diameters
differed. Put some marking pen around
the circumference at about half way
between where the small ends of the two
nuts reach and then scribe a line to the
approximate centre. Then with the bar in a
standard chuck, supported with a tailstock
live centre, plunge your parting tool in as

Cutting the sca;‘;‘..

Parting off in a smaller lathe has its difficulties,
particularly for larger diameters such as for this project
but 1 felt this was the way to go remembering that
soft chuck jaws would enable the inner tapers to be

standardised even though their diameters differed.

far as you can, say 'z to % inch using
cutting oil. The remainder is best hand
sawn through. There is a great temptation
to do this in the lathe instead of in the
bench vice, so if you do then (a) set the
lathe spindle to the slowest direct drive
speed, say 200rpm and (b) secure a piece
of wood to the lathe bed beneath the line

January 2014

of cut. With a new 18tpi saw blade using
straight, purposeful, forward strokes, cut
through the bar keeping your leading
hand and overall sleeve well clear of the
revolving lathe chuck. This procedure may
prove impossible if you have a chuck
safety guard fitted so recourse to the
bench vice may well be the safest anyway.

Beginners Start Here "

Having sawn through almost to the
middle, remove to the bench vice and
finish sawing there. Should your sawing
have taken you right through, that piece of
wood will save the embarrassment of
cutting into the lathe bed where anyone
who sees it will know you are a clumsy
*ﬁ******!

As | mentioned at the start, | am making
two of these vices to check the drawings,
and this being so | desired to make them
as identical as possible. So for the clamp
knobs | imagined | was making a larger
batch and adopted suitable processes. My
Super 7 has had a number of changes
over the years to facilitate such
manoeuvres and to this end | made up a
simple adjustable length stop for the top
slide (photo 58) and also a three-position
rotating saddle stop as in photo 59.
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Building a

Miniature

Drilling

Very little has been published outside of the realms of radio controlled
models, on the subject of outrunner power units which are used to drive
model aeroplanes, boats and trains. The brushless outrunner motor has not
yet found its way into mainstream mechanical and precision engineering
applications. The design of this bench drill produces an efficient,
functioning item that is simple to make and simple to use.

Machine

Stephen Bondfield uses an outrunner motor to power a drill.

similar bush is in the lower arm to
Aallow free rotation of the drilling

table to ease the positioning of
the workpiece on the table. All of the
aluminium inserts for each arm’s clamp
ends were also fitted with bronze bushes,
which greatly enhance smooth movement
and adjustment and prevent wear when
moved on the column of the drill.

The bronze material used for the bushes
was found to be quite compatible with
both the stainless steel column and the
barrel which contains the bearings and
drive shaft for the drilling assembly. There
hasn’t been any evidence of ‘spalling’
between the surfaces of the two different
metals that might otherwise occur when
two metal surfaces are moved against
each other under pressure and force.

Photograph 17 shows a collar that can be
clamped onto the column to allow the
drilling head to swing without falling
down. There is no need for a column
under the drilling table as the arm rests on
the lower column mounting.

The column collar.
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The brushless motor is attached to the
drill/barrel assembly by a flange fitting to
one end of the motor (photos 18, 19, 20
and 21). The extended section of the
flange mount is fitted into the barrel
section and secured by three equally
spaced 3mm screws. A simple linkage is
secured on to the shaft of the motor, by
three equally spaced grub screws around
its circumference.

A horizontal slot machined through the
other end of the linkage forms the secure
location for the Tee formed at the end of
the drill shaft which is also slotted, drilled
and tapped 3mm to accept the 4.5mm
diameter rod fitted across its slotted upper
end (photo 22).

The drive dog on the motor.

The finished drill.

The drilling assembly is fed by a pinion
driving a 32 Diametral Pitch rack which
has a sprung return as in a conventional
bench drill.

The barrel was made from a piece of
32mm diameter 304 grade stainless steel
round bar, drilled 16mm through its entire
length. One end was bored out to accept
the motor flange and linkage to the drill
shaft and bearing. The other end was
bored out to accept the thrust and ball
bearings for the drill chuck.

b

The motor fits onto the flange.
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The barrel and motor flange.

The rack slot milled and drilled.

[24

The threaded tabs.
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Worktable Assembly

Side view of the tabs.

The tabs in the barrel.

Machining the rack slot

After these actions had been completed
the barrel was held within the parallel
clocked jaws of the milling machine vice
and the 10mm wide slot for the rack was
then machined 3mm deep and 63mm
long. Two holes were then drilled and
tapped 3mm, at 41mm between centres,
in the centre of the slot, the first being
16mm from the drive motor end (photo
23). These tapped holes accept the two
tabs (photo 24) that fit inside the slots that
will be machined into the underside of
the rack. Photographs 25 and 26 show the
tabs fitted to the barrel.

Model Engineers’ Workshop
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When in place, the rack is drilled across
its width and the two holes are positioned
to intersect the two tabs at their centre
height within the rack. The holes are then
reamed out with a taper pin reamer to
accept the taper pins that hold the rack
securely within the recess of the machined
slot on the outer surface of the barrel.
When fitted, each side of the rack is filed
to remove any projection of the taper pins.

The barrel is the most important
member of the drilling assembly and its
vertical movement is provided by a
capstan/quill action integrated with the
rack and pinion (photo 27).

Accuracy in the construction and mating
of the moving parts is necessary if
precision is to be achieved. Firstly, the
close fitting of the barrel within the bronze
bearing and the subsequent vertical
movement is prerequisite to accuracy
when drilling and must be at exactly 90
degrees to the work table of the lower
radial extension below.

The enclosing tension of the plain
bearing can be varied by tightening the
four 3mm grub screws which locate and
secure the bearing within the aluminium

January 2014

insert within the steel box section. These
four screws are fitted from the outer
surface of the box section and are then
tapped to extend all the way through the
aluminium insert to the bearing shell
itself upon which they exert pressure.
This action has a direct effect on the feed
of the barrel, creating more resistance as
the screws are tightened.

After adjustment there shouldn't be any
free movement of the barrel within the
bearing shell and aluminium insert,
neither sideways nor forwards or
backwards.

The significance of the tensioning
becomes apparent when the pressure of
the rotating drill bit comes into contact
with the surface to be drilled, as the drill
bit might be found to wander off centre
and break if the fit of the vertically moving
barrel is sloppy or slack.

Secondly the relationship between the
rack and pinion must be such that the feed
of the drilling assembly is smooth and
uninterrupted and that any backlash is
taken up by the tension of the spring
within the mechanism that causes the
vertical return of the barrel.

The rack and pinion assembled. >
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Drive Linkage

FURTHER INFO.

Motor and electronic items were
obtained from; 4-Max
www.4-Max. co. vk

Editor’s note: The power specification
of the motor is correct. However, the

o I \3 off M3
0
~0

|
|
Motor Flange i
|

Assembly

t«— Motor Shaft

|<— Motor Flange

r—r—Bearing

maximum power is at @ much higher
voltage than the 12 Volts used here. If
you have a need fo run this motor at
full power you must upgrade the wiring
efc. fo suit the working voltage and
amperage drawn by the motor.

Accuracy is required

Machining measurements must be
accurate in order to allow the moving
parts of the quill assembly to reciprocate
and function efficiently.

The pitch of the pinion must mate to the
correct depth with the teeth of the rack to
provide a smooth feed for drilling,
without excessive backlash. Tolerances
for this purpose are quite small and
accurate fitting of the component parts is
necessary if the following drilling action
is to be completed with efficiency when
power from the drive motor is applied.
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| SUCCESSFULLY SUPPLYING MODEL -
ENGINEERS FOR MORE THAN 30 YEARS

Order on-line at any time, by phone or in our

showroom from 8.30 am to 5 pm Monday to Friday.

Please add £3.99 postage and packing if your order is less than £30.00. Prices include VAT. These prices apply to UK mainland orders

Capacity 5 - 20mm
Knurl size 3" x %"
x " bore

Item no. 5566

Body diameter
32mm,

length 37mm
ltem no. 9428

Length of pipe extended 283mm,
overall height 310mm

Hose inlet diameter Bmm

Item no. 4825

BA TAP AND DIE SET

BA tap and die set
Tapsets124681012

3 Dies 0 - 12BA
Item no. 9022

WARCO GIFT VOUCHERS

Available
in units of

Belt size 1" x 30"
Table tilts 45°
Item no. 7055

£69

r | »
TR, Belt size 1" x 30"
Item no. 7065

SET OF 115 DRILLS

HSS fully ground,
tin coated

k Item no. 5439
Imperial, letter

- and metric sizes
N
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-

38pc TCT BRAZED TIP LATHE TOOLS
5/16” Item no. 9431 5/16

\\\Ww' e 2351

FIBRE FACED VICE JAWS

Item numbers:

8886.75mm £7.40
8886.100mm £7.85
8986.125mm £8.30
8886.150mm £8.75

Daylight fluorescent magnifier
Lens diameter: 89mm

Lens magnification: x 1.75
Item no. 9105

SPECIAL
SALE PRICE graf PAK: 1]

SMALL BODY 2MT LIVE CENTRE BS130 BELT SANDER LED LAMP
-

Magnifying glass

LIS with light, bench top
Battery powered
Iltem no. 9102

Magnification: 1lens x 1.8
2lensesx2.30r 3.7
3lensesx 4.8

Light weight - 110g

Item no. 5409

HEAD LAMP MAGNIFIER WITH LED LIGHT

Up to x B magnification
Requires 2 x AAA batteries,

\ & not supplied

HEAD BAND MAGNIFIER

Item no. 5408

T: 01428 682929 warco House, Fisher Lane, Chiddingfold, Surrey GU8 4TD
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SMOOTH, QUIET, HIGH PERFORMANCE
VARIABLE SPEED CONTROL FOR YOUR LATHE OR MILL

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

MITSUBISHI ELECTRIC HIGH PERFORMANCE INVERTERS
For serious machining duty!

240-volt 1-phase input Inverters for you to run a
dual-voltage (Delta wired) three phase motor off
your domestic 1-phase supply.
Six sizes from 0.1kW(0.12hp)
CNC COMPATIBLE.

Built-in user keypad, frequency
display & Digital Speed Dial.
Unique Emergency Stop Function.
Advanced Torque Vector contrel for optimum
performance. High Reliability & Long design life.
Fully CE/UL Marked and RoSH Compliant.
Compatible with our Remote Control stations, and
supplied pre-programmed at no extra cost. Prices
from £123 inc VAT

to 2.2kW(3hp).

MITSUBISHI
ELECTRIC

INVERTER REMOTE CONTROL STATIONS

Remote control station Pendants suitable for use with all our
Mitsubishi Electric and IMO Jaguar CUB Inverters.

Also available for other makes of VSD including TECO.
Industrial grade push buttons;

Featuring START & STOP Pushbuttens, FWD & REVERSE,
RUN, 10G, & VARIABLE SPEED POTENTIOMETER.

3-wire control, MVR (No-Volt-Release) function for greater
safety. Beware of low guality copies of our original tried and
tested controls. Fitted with 2-metre control cable and sup-
plied with wiring diagram and programming instructions to
suit your make and model of Inverter drive.
From £66 inc VAT

IMO "Low Cost” INVERTERS

2-YEAR WARRANTY

230V 1-phase input, 220V 3-phase output, for you to run -
a dual voltage three phase motor off domestic single
phase supply. Five sizes: 0.2kW up to 2.2kW (3hp). o
Built-in programming keypad display & Digital Speed Dial. @
Low-cost Inverter drive with simplified torque vector
control, Integrated EMC radio noise filter as standard.

CE Marked. Compatible with our Remote Control stations,
and supplied pre-programmed at no extra cost
Prices from £102 inc VAT

IMO “Jaguar CUB"” High Performance Inverters
5-Year Warranty

230V 1-phase input, 220V 3-phase output, to run a dual
voltage three phase motor off domestic single phase
supply. Four models: 0.4kW up to 2.2kW (3hp). Built-in
programming keypad display and Digital Speed Dial
Advanced torque vector control for optimum motor
performance at |low speeds. Integrated EMC radio noise
filter options. CE Marked. Compatible with our Remote
Control stations. Prices from £170 inc VAT

PRE-WIRED INVERTER AND MOTOR PACKAGES Pre-wired ready to go!
The original and best lathe speed control
system, suitable for MYFORD ML7, Super 7, RAGLAN Little
John, & BOXFORD lathes.
NOW WITH AN AMAZING 10-YEAR WARRANTY!
Power Range: 1/2hp, 1.0hp, 2.0hp and 3.0hp.

Smooth control across entire speed range, giving chatter free machining, and
an excellent finish that is unattainable with single phase motors!
Quiet, vibration free operation. Fully EMC Compliant.

- High torque even down to the lowest speed.
Powered from domestic 240V AC single phase mains.

Complete alactronic motor protection. Featuring START 8 STOP, FWD & REV,
RUN & JOG, and VARIABLE SPEED. Simplifies screw-cutting and tapping.
Designed & Manufactured here in the UK by Newton Tesla.
1509001 /2008 Quality Assured.

Prices start from £425 including VAT UK Delivery is £18.

Full terms & conditions about the new Extended Warranty are available on
our website: www.lathespeedcontrol.com

MOTOR, INVERTER & REMOTE PACKAGES
Comprising a Mitsubishi Electric D7205
High Performance Vector Drive, new Metric
3PH motor, and Remote Control Station.
The Inverter drives are supplied ready
pre-pregrammed and “auto-tuned” to the
matched motor for optimum performance.
Standard moters supplied are 4-pole
1450revs, B3 Foot mounted. 2-pole
(2800revs) and 6-pole also available.

UK Delivery is £18.

Motor Frame Size  Shaft Diameter Price inc VAT
1/8HP D56 O9mm £250.66
1/4HP D63 1imm £279.76
1/3HP D71 1i4mm £290.82
0.5HP D71 14mm £320.22
3/4HP D80 19mm £351.99
1.0HP D80 19mm £364.23
1.5HP D90sS 24mm £417.60
2.0HP D90L 24mm £448.23
3.0HP D100 28mm £563.86

PAYMENT ACCEPTED BY ALL LEADING CREDIT / DEBIT CARDS AND PAYPAL.

TECHNICAL SUPPORT AVAILABLE 7-DAYS A WEEK

CALL OUR SALES TEAM NOW ON 01925 444773

SINGLE PHASE & 3-PHASE ELECTRIC MOTORS
We stock a large range of high quality AC moters, Single & Three Phase, both in the standard METRIC and IMPERIAL sizes, 0.09KW to 375KW,
We have extensive knowledge regarding which motor frame sizes go on which Machine, and can match the correct specification of motor for you.

Newton Tesla (Electric Drives) Ltd,

Warrington Business Park, Long Lane, Warrington,
Cheshire WA2 8TX,
E-mail: info@newton-tesla.com

Visit our new online webshop at www.newton-tesla.com

Tel: 01925 444773, Fax: 01925 241477

HITSUBISHI
ELECTRIC

AUTOMATION SYSTEUS

]

Automation Dealer




The modified
Unimat.

Unimat SL

Lathe Modification

Terry Gorin adds back gear to his Unimat lathe.

onstruction details shown on the
‘ drawings included with the articles
are the result of many pencil sketches
and/or modifications during fabrication
and whilst the end result has proved more
than adequate for my purposes, | have
commented where dimensions, etc. might
be modified to advantage.
It is important to re-emphasise here that
none of the modifications compromised the

original lathe design nor were intended to
increase the lathe’s cutting capability, which
is limited by the headstock spindle and
bearing design and rigidity of the round bar
bed rails. The method and sequence of
machining, drilling and screwcutting of
components shown on the drawings will be
self-evident to experienced readers and |
have only commented on the method and
sequence of specific operations.

An earlier article (ref 1) gave

an overview of my reasoning
and methodology in modifying
my Unimat SL to perform as a
conventional screwcutting lathe.
In this and following articles the
modifications have been grouped
into modules and presented in
the sequence in which they were
constructed in the prototype.

The new spindle components.
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The back gear components.
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Spindle and back gear subassemblies.

Headstock

The satisfactory completion of this
module was a first essential in the
modification of the lathe. Figures 1 and
2 show constructional details for the
components mounted on the spindle

extension (screwed to the rear of the The assembled headstock.
original spindle after removal of the
existing cone pulley). Figures 3 and shown separately (photos 2 and 3) as obtained from Rapid Metals Ltd (ref 2).
4 show constructional details for the sub-assemblies (photo 4) and assembled Free cutting mild steel was used for all
backgear components mounted on a to the Unimat headstock (photo 5). circular components and all machining
new bracket at the rear of the spindle The original Unimat spindle return was carried out on a Myford ML7 lathe. All
sleeve which replaces the original motor spring and flanged washer, shown in the gears were obtained from HPC Gears
bracket. Figure 5 shows the general latter photo, was refitted during the International Ltd (ref 3} and further
assembly of all components, which are headstock re-assembly. All materials were machined as described.
Fig. 1
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@26 drz
Drill & tay
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@20 ! L 355
(2) Cone Pulley Bush
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ep = 1 1.5
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el Detail A - Pulley groove
Headstock Spindle |
All di ions in mm unless otherwise stated
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Spindle components

The components are numbered in the
order in which they were fabricated. The
spindle extension (1} was fundamental to
the success of the project and only when
this had been fabricated and performing
satisfactorily could the remainder of the
headstock be completed and the following
modules made. The completed extension,
with keys fitted (photo 2) was a second
attempt to achieve acceptable running
concentricity (run-out is within 0.001

inch on the cone pulley bearing diameter
nearing 0.004 inch at the power take-off
gear bearing). These limits are acceptable
for my purposes but a more able engineer
might achieve greater accuracy. This
second extension was fabricated from a
150mm length of 25mm bar. Using the
Myford lathe, a fine line was inscribed

on the circumference at 30mm from one
end and a further line inscribed 109mm
from the first. These lines denote the
longer temporary work holding stub at
one end, the finished overall length of
the component and a shorter temporary
stub 11mm long at the other end. Using
the three-jaw chuck the bar was then
machined in the following stages:

Stage 1 -The longer stub was chucked
with the inscribed line protruding 2 or 3mm
from the jaws. The shorter stub end was
then lightly faced and centred for tailstock
centre support. Only a small central area
needed facing and a steady was not

needed. All diameters and shoulders were
then machined to within approx. 20thou or
emm of the finished sizes.

Stage 2 — The part machined bar was
removed from the chuck and the long stub
sawn off 2mm or so from the inscribed line.
As a ship modeller, first and foremost,
serious parting off is not on my agenda! The
bar was then reversed, with the chuck now
gripping the ‘20mm’ diameter shaft and the
‘24mm’ diameter collar tight to the jaws.
The protruding end was then faced full
width, the finishing cuts up to the inscribed
line being the final facing this surface will
receive, and the 13mm bore and M12 x 1
female thread cut. Good engineering
practice dictated that the thread should be
machine cut to part depth with final
cleaning up with atap. Lacking the expertise
and confidence, however, to attempt this on
a deep ‘hidden’ thread | resorted to the
following alternative method. The full length
of the bore and thread were initially drilled
and bored to the M12 core diameter. The
bore length was then increased in diameter
to a close running fit to the M12 tap when
inserted, the bore both centralising and
supporting the tap, the end of which was
then gripped in the tailstock chuck. Thread
cutting commenced by hand turning the
lathe and finished and bottomed out by a
tap wrench and tailstock centre support.
Finally the bore diameter was increased to
the closest possible sliding fit to the 13mm
spindle diameter, but still allowing the

Machine Tool Improvement "

spindle shaft to be drawn into the bore by
the thread. The 19mm (#2) bore and 16mm
(#1) thread lengths ensure that when the
spindle extension is fully tightened to the
rear bearing inner race the spindle shaft
remains clear of the bottom of the bore and
the spindle thread is not clashing with the
shoulder at the end of the female thread.
The near finished extension was again
removed and the remaining stub sawn off
short of the inscribed line.

Stage 3 - In order to maximise concentric
running of the extension, when screwed to
the lathe spindle, a mandrel to replicate the
pulley end of the Unimat spindle was
turned as fig 6. The part machined
extension was then screwed onto the
mandrel, tight up to the shoulder, the sawn
end faced up to the inscribed line, centred
for tailstock support and all diameters and
shoulders machined to final dimensions.
To avoid problems later the 4mm (#4) collar
and 35.5mm (#5) shaft lengths should be as
accurate as possible. In this instance the
M12 x 1 thread and all other male threads
on this project were machine cut to part
depth and finished by die.

Stage 4 - For the remaining operations,
milling the keyways and cross drilling the
4mm tommy bar hole, the extension was
held in a previously made centre drilling
fixture (MEW Issue 113 ) clamped to the
cross slide. Centre finding was
unnecessary and only minimal
longitudinal and cross feed was needed to

|i| Slotted hole for M5 bolt

Mat'l: Steel (HPC DP32

0.394in (10)  Part no. XG32-96)

16 sq.x 6 wide
(or other suitable

spanner size)
Knurl -\=\

(5) Spindle ‘Bull’ Gear

Drill & tap M5
4.5

T—u

1.3 I E

File to profile of
cone pulley gear teeth
(6) Key

Mat'l: BMS

“_’H'W’|

(7) Modified M5 Cap Screw

O/D 1.813in

PCD 1.75in

PCD 34
Bore @26

Drill @4 & c/bore :

@7.2 x 4.5 deep
(4) Cone Pulley Gear o
Mat'l: Steel (HPC DP32 -3741In

Drill & tap M4-\

Part no. XG32-56) (10)

H |15
| l PCD 0.936in .394in (|0) Is?_\ 23
89 O/D Tin
(8) Spacer
Mat'l: BMS
: 9) Power Take-Off Gear 32
Ha?.)l 'gﬁgk'“g Nue sda)fl:steel (HPS DP32 Detail B k(”g‘“)
J Part no. XG32-30) el B = keyway
Headstock Spindle 2
All dimensions in mm unless otherwise stated .
Fig. 2
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116 ' (12) Stop Pin P 42 '
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’ 1010 17
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All dimensions in mm unless otherwise stated
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Mat’: Modified M6 cap screw

Fig. 3

complete the machining of this
component. All shaft keys on this project
were cut from an existing scrap length of
¥ inch thick brass bar. Some 3.5mm wide
strips of appropriate length were cut, the
ends profiled to shape and then soft
soldered to the keyways. Any protruding
solder was removed and the final key
heights adjusted, by filing, to achieve a
sliding fit with matching components.
Cone pulley bush (2), cone pulley (3) and
cone pulley gear (4) together form a sub
assembly freely rotating on the 20mm
spindle extension shaft. The cone pulley
bush was machined from phosphor bronze
cored bar. The external diameters of the
bush and collar were machined to
reasonable accuracy, but the bore was
carefully finished to a very close running fit
to the appropriate spindle shaft. The
35.5mm (#5) overall bush length needed
finishing as accurately as possible to ensure
that when the spindle bull gear (5) was
clamped tight to the shoulder at the end of
the 20mm shaft, the bush could rotate freely
with negligible end play. The bush overall
length needed a further 0.001 inch removed
to achieve this. Any inaccuracy in the 2mm
(#6) shoulder length would have needed
compensating for when machining the
circular recess in the spindle ‘bull” gear.
Cone pulley (3) was machined from a
35mm length of 3 inch diameter
aluminium bar held in the reversed jaws of
the chuck. A line was inscribed close to the
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jaws to denote the start of the larger
pulley and then all of the pulleys and the
1.5mm long spigot were turned to finished
sizes. | decided early in the project design
to use 5mm round belting in preference to
small section Vee belting.

Power transfer has proven adequate for
the size and cutting loads of the Unimat.
This belting is widely available and easily
joined by thermal welding. Belt
circumferences can be tailored as required
and the flexibility of the belting, together
with flexible motor mountings, enables easy
belt changing without the need for any belt
tensioning device. The belt grooves were
machined with a 6mm square HSS form
tool ground to Detail A with front and side
rake and corner edges lightly rounded. The
included angle of the Vee groove is the
same as the original Unimat pulley but with
groove depth and width increased to
accommodate the larger diameter belting.
Although not shown in the detail the top
width of the groove read on the CAD
drawing as just under 5.5mm and two lines,
at this distance apart, were centred on and
inscribed on the circumference of the larger
pulley nearest the chuck thereby denoting
1.5mm shoulders each side of the pulley.
The tool was advanced to contact the pulley
and note taken of the cross slide dial
reading. Using the lowest backgear speed
the tool was then progressively advanced
and moved from side to side to cut on
alternate faces. On reaching the point when

= Chuck jaws

ol

|
|
@25 i
|
i

i
About 5mm for tool :

run-over when turning | T 12
extension collar.
Diameter to size.
Replica Spindle End
Fig. 6

both guide lines were about to be
obliterated with the tool about to cut on
both faces and chattering just noticeable,
power was switched off and machining of
the grooves finished by hand pulling. The
tool was again advanced until the 4mm
groove depth was reached and, at the same
time, keeping an eye on the shoulder widths
to maintain a centralised groove. This last
stage was laborious but produced smooth,
ripple free grooves; the same procedure
was followed for the remaining grooves on
this and all of the pulleys on this project.
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1. A Tale of Two Lathes MEW lssue 197.

2. Rapid Metals www.rapidmetals.co.uk

3. HPC Gears International Limited
www.hpecgears.com
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Lathes
Boxford 125TCL CNC Bench Lathe, 1ph
Boxford 3 1/2 Inch x 12 inch Bench lathe, 1ph

Baucford BUD 4 1/2 inch x 18 inch Lathe, Tooled, 3ph

Baucfiord BUD 5 inch x 22 inch Centre Lathe, 3ph
Baoefiord CUD 5 Inch x 22 inch Centre Lathe, 3ph
Colchester Bantam 800 5 inch x 20 inch

Cenfre Lathe, 3ph

Colchester Chipmaster Variable Speed Lathe, 3ph

Colchester Student Mk 2, Gap Bed Lathe, Tooling, 3ph

Colchester Student Round Head Lathe, 3ph
Denfiord Viceroy Synchro 280 Centre Lathe, 3ph

Emco Compact 5 Bench Lathe for Restoration, 1ph

Emco Compact 5 GNC Bench Lathe,1ph
Emco Compact 5 CNC with Indexable Turret,1ph
Hobbymat MD 65 Bench Lathe with Tooling, 1ph
Karry 5 inch x 20 inch Gap Bed Centre Lathe, 3ph

Labormill Lathe/Milling Boring Machine, Tooled, 3ph

Lorch Plain Lathe with Collets.3ph

Myford MLY Lathe with Gearboi, Stand, Tooling, 1ph

Myford Super 7 Cantre on Cabinet Stand, 3ph
Raglan 5 inch x 20 inch Variable Speed Cantre
Lathe with Phase Corverter, 3ph

Schaublin 102-VM Centre Lathe, Tooled, 1ph
Sleg CEM2 Centre Lathe with Milling/

Drilling Head,1ph

Itern Code
£475.00 +VAT 0766
£375.00 +VAT 9530
£585.00 +VAT 9341
£675.00 +VAT 9667
£525.00 +VAT 9738

£850.00 +VAT 0492
£2250.00 +VAT 9728
£450.00 +VAT 9767
£450.00 +VAT 9521
£850.00 +VAT 0583
£2685.00 +VAT 9691
£475.00 +VAT 9690
£875.00 +VAT 9689
£400.00 +VAT 9732
£O75.00 +VAT 0495
£1975.00 +WAT 9699
£750.00 +VAT B804
£1250.00 +WAT 9659
£725.00 +VAT 9394

E875.00 +VAT 9700
£1500.00 +VAT 9427

£775.00 +VAT 9737

ﬁj :—-_--a_.--ﬂ- o ‘-‘ :

ATNCINTO
— ) O N )

Just a small selection from our current stock

Go to the “new arrival” section of our website: www.gandmtools.co.uk for our latest additions to stock.
Check out our ebay shop for many more bargains, go to: www.sfores.ebay.co.uk/theplaneironshop

Milling Machines, Engravers, Jig Borers ltem Code

BCA Mark 3 Jig Borer/Vertical Milling Machine, 3ph £2200.00 +VAT 9698
Boodford VM30 Vertical Milling Machine, 30 INT, 3ph £1250.00 +VAT 9685
Centec 2B Vertical Mill with Quill Type Head,

Stand Etc, Damaged, 3ph £525.00 +VAT 9498
Dahlgren Wizard CNC Bench Engraver, 1ph E575.00 +VAT 9765
David Dowting Pantograph Bench Engraver

Needs Rewiring, 1ph £275.00 +VAT 9502
Denford CNC Microrouter, 1ph £850.00 +VAT 9564
Denford Micromill 2000 CNC Vertical

Milling Machine, 1ph £585.00 +VAT 9058
Denford Micromill 2000 CNC Vertical

Milling Machine, 1ph E£585.00 +VAT 9057
Dore Westhury Vertical Miling Machine, 1ph £1050.00 +VAT 9661
Emco F CNC Vertical Milling Machine, 1ph E875.00 +VAT 9693
Gravograph IM3 Bench Pantograph Engraver, 1ph F525.00 +VAT 9660
Pallas Universal VerticalMorizontal Milling Machine, 3ph  £500.00 +VAT 9744
Roland Camm PNC2300A CNC Bench Engraver,1ph E575.00 +VAT 9423
Sigma Jones Jig Borer on Cabinet Stand Fitted

with Variable Speed Drive,1ph £1450.00 +VAT 9730
Unimatic CPM 4030 CNC Router,1ph E750.00 +VAT 9378
Drilling & Tapping Machines Item Code
Fobco Star Pillar Drilling Machine, 1ph £550.00 +VAT 9605
Pollard High Speed Bench Drill, 1ph £325.00 +VAT 9626
Startrite Mercury Mark 2, 5 Speed Bench Drill, 3ph £225.00 +VAT 9505
‘Womer High Speed Bench Drill, 8 Speed, 3ph £325.00 +VAT 9506

91 =

Grinders, Polishers, Linishers Ttem Code
Bamkin Tool & Cutter Grinder, Cabinet Stand, 1ph £750.00 +VAT 9746
Clarkson Tool & Cutter Grinder, 3ph £675.00 +VAT 9760
Dentford Viceroy Double Ended Buffer/Polisher, 3ph £285.00 +VAT 9720
Duplex D29 Toolpost Grinder, 1ph £425.00 +VAT 9574
Elliott Double Ended Bench Grinder, 3ph £85.00 +VAT 9024
Myford MG12 Cylindrical Grinder, 3ph £2750.00 +VAT 9729
Nu Tool Double Ended Bench Grinder, 1ph £65.00 +VAT 8712

RJHVertical Linisher Mounted on Dust
Extraction Cabinet, 3ph

Tauco Double Ended Bench Grinder, 1ph
Vanco Vertical Bench Belt Linisher, 1ph

£375.00 +VAT 9118
£100.00 +VAT 9741
£325.00 +VAT 0B96

Hacksaws, Cut Off Saws, Bandsaws Itesm Code
Fletcher Light Duty Power Hacksaw, 1ph £200.00 +VAT 9514
Kennedly Portable Power Hacksaw, 1ph £325.00 +VAT 9662
Mac TS30 Pedestal Cut off Saw, 3ph £225.00 +VAT 9727
Manchester Rapidor Major Power Hacksaw, 3ph £150.00 +VAT 9725
Rapidor Power Hacksaw, 3ph £250.00 +VAT 9515
Rex Power Hacksaw, 1ph £275.00 +VAT 9743

Roller Bar Support Stand for Use with Power Hacksaw  £50.00 +VAT 7873

Warco 4 1/2 inch Universal Metal Cutting Bandsaw, 1ph £165.00 +VAT 9692
Wellsaw 6 inch cap. Power Hacksaw, 3ph £250.00 +VAT 9606
Machine Vices, Clamping kits, Hold

Down Clamps Etc Ttem Gode
1/2 inch Machine Clamp Set in Plastic Holder/Stand £45.00 +VAT 9733
/4 inch Machine Clamp Set with Stand £40.00 +VAT 9734

V54

« Telephone enquiries welcome on any item of stock. - We hold thousands of items not listed above.
« All items are subject to availability. - All prices are subject to carriage and VAT @ 20%. - We can deliver to all parts of
the UK and deliver worldwide. . Over 7,000 square feet of tools, machines and workshop equipment.

Opening times: 9am -1pm & 2pm - 5pm Monday to Friday. Closed Saturdays, except by appointment.
tel: 01903 892510 - fax: 01903 892221 + www.gandmtools.co.uk - e-mail: sales@gandmtools.co.uk

G and M Tools, The Mill, Mill Lane Ashington, West Sussex RH20 3BX

Maidstone-engineering.com
i NEW ONLINE SHOP, SUPPLYING MODEL MAKERS FOR 30 YEARS!

PROMPT MAIL ORDER
01580 890066

Brass

C.l Bar
PTFE

Rivet Snaps
Drills
Reamers

Phos. Bronze
Copper
St.Steel

Nylon
Stainless Tube
Screws & Nuts

Slot Dirills
End Mills

Gauge Plate
Silver Steel

Studding
Rivets

Taps &Dies
Silver Solder

Flux
O Rings
Gauge
Graphite Yarn
Jointin
Steam Qil
Cutting Oils

lass
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A beginners’ guide to

Home Metalworking

David Clark looks at setting up a home workshop from scratch.

Having moved around the country
for various reasons | have set up
and used several workshops. Most
of these were based in awooden
garden shed although one was in
a brick outbuilding (photo 2).

irst we will lock at planning
Fpermission, buying a wooden shed,

erecting it and installing the electrics.
Then we will look at purchasing hand tools,
a workbench and the lathe. The use of the
lathe and hand tools will be looked at in
detail from a beginners’ point of view.

Later in the series, we will look at
purchasing and setting up a milling
machine and learn how to use it.

| have a lot of experience in using
machine tools. A lot of it was gained in an
industrial environment but it is still
relevant to the home workshop.

The most important part of this series
will be the feedback. Like most people
with expert knowledge, | may overlook the
obvious (I will try not to) so please feel
free to contact me about anything you
don't understand or if you have any
questions. Anything relevant can be added
to the next article in the series. | will also
set up a thread on the Model Engineer
wehsite where readers can ask questions
about the series.
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Planning permission
OK, let’s look at planning permission
for the humble garden shed. Please
remember that | am not a town planner
so the information that follows is given
in good faith. If in doubt, check with the
relevant local authority.

The first stop for planning permission in
England is:
http:/ fwww.planningportal.gov.uk/
permission/commonprojects/outbuildings/

There is also a link to the Welsh planning
site at the top of this site and the allowed
permissions are very similar the England
ones. Readers in Scotland should check
with their local authority for planning
permission.

For those readers without Internet
access, | will summarise the important
information here.

The following rules are general
guidelines for councils. If in doubt give
them a friendly phone call as it's better to
be safe than sorry.

Rules governing outbuildings apply to
sheds, greenhouses and garages as well
as other ancillary garden buildings such as
swimming pools, ponds, sauna cabins,
kennels, enclosures (including tennis
courts) and many other kinds of structure
for a purpose incidental to the enjoyment
of the dwelling house.

Under new regulations that came into
effect on 1 October 2008 outbuildings are
considered to be permitted development,
not needing planning permission, subject
to the following limits and conditions:

» No outbuilding on land forward of a wall
forming the principal elevation.

+ Outbuildings and garages to be single
storey with maximum eaves height of 2.5
metres and maximum overall height of
four metres with a dual pitched roof or
three metres for any other roof.

* Maximum height of 2.5 metres in the
case of a building, enclosure or container
within two metres of a boundary of the
curtilage of the dwelling house.

Model Engineers’ Workshop



+ No verandas, balconies or raised
platforms.

* No more than half the area of land
around the ‘original house™ would be
covered by additions or other buildings.

+ In National Parks, the Broads, Areas of
Outstanding Natural Beauty and World
Heritage Sites the maximum area to
be covered by buildings, enclosures,
containers and pools more than 20
metres from house to be limited to 10
square metres.

» On designated land** buildings,
enclosures, containers and pools at the
side of properties will require planning
permission.

+ Within the curtilage of listed buildings
any outbuilding will require planning
permission.

*The term "original house" means the
house as it was first built or as it stood on
1 July 1948 (if it was built before that
date). Although you may not have built an
extension to the house, a previous owner
may have done so.

**Designated land includes national
parks and the Broads, Areas of
Outstanding Natural Beauty, conservation
areas and World Heritage Sites.

Please note: the permitted development
allowances described here apply to
houses not flats, maisonettes or other
buildings.

Building Regulations

If you want to put up small detached
buildings such as a garden shed or
summerhouse in your garden, building
regulations will not normally apply if the
floor area of the building is less than 15
square metres.

If the floor area of the building is
between 15 square metres and 30 square
metres, you will not normally be required
to apply for building regulations approval
providing that the building is either at
least one metre from any boundary or it is
constructed of substantially non-
combustible materials.

In both cases, building regulations do
not apply ONLY if the building does not
contain any sleeping accommodation.

This section provides you with general
information to help you comply with the
Building Regulations when constructing a
new outbuilding within the boundaries of
an existing property, such as:

» Garage or carport
» Summerhouse or shed
» Greenhouse

Building a new garage attached to an
existing home would normally need
building regulations approval.

Building a detached garage of less than
30 square metres floor area would not
normally need building regulations
approval if:

» The floor area of the detached garage is
less than 15 square metres.

+ The floor area of the garage is between
15 square metres and 30 square metres,
provided the garage is at least one metre
from any boundary, or it is constructed
from substantially non-combustible
materials.

January 2014

However, if erecting a garage, do check
the planning Portal website regarding
regulations for the foundations.

Obviously, if you rent from a council,
housing association or private landlord,
you will almost certainly need their
permission and | would make sure it is in
writing stating the size of the shed and if
necessary where it will be erected.

Purchasing a shed

There are two basic types of shed, the
apex roof shed and the pent roof shed.
The apex has a pointed roof, basically
a roof panel at each side meeting up
at the centre, the apex (photo 3).The
shed shown in photo 3 is ideal for a new
workshop. This shed is not as small as it
looks, it is 8 feet long x 6 feet wide and
the headroom is adequate in the middle
where you would be working.

The door could do with stronger hinges
secured with a couple of coach bolts as

well as screws but other than that it will do

fine. | know other people may have
smaller workshops but | consider an 8 x 6
is the absolute minimum for a decent
waorkshop. This size of shed allows you to
put a workbench at each side of the shed
and still have room to work in the middle.
A pent roof is a flat roof; normally this
sort of roof runs downhill from the front of
the shed to the back (photo 4). | have had
two pent roof sheds and both made ideal
workshops. One was sold when we moved
and the other was left when we moved
house. There was nothing wrong with

either of the sheds, | just don't want to keep

taking them down, moving them around
the country and erecting them again.

View before you buy
If at all possible you should try to see
the shed you are thinking of buying and
walk around inside it. Some sheds have
sufficient headroom but others are not as
tall so your head will bump on the roof.
Slightly low headroom at one or both
sides will be fine if you have a workbench
against the side(s) as you will not be
standing close to the edge in this case.
Another reason to see the shed is to
ensure the construction is done with a
good thickness and grade of wood. |
purchased a shed online from a large
supplier and basically it was a kit of parts
made out of what could only be described
as matchwood. A shed should comprise a
floor, two sides, two ends and one or two
roof panels, not a pile of wood that needs
to be used to fill various gaps.

Teach-In 2014 "

Fortunately, as | purchased online, |
phoned the company and they collected
the shed and gave me a full refund.

The door

The shed door should be substantial as

it is a security measure as well as a door
(photo 5). However, the door in photo

1 has found to be perfectly adequate
although it could be strengthened if
necessary. We will cover workshop
security later in the series. | prefer a single
door although sheds with double doors
are available. | had to get a large machine
into a shed a few years back where
double doors would have been useful but
we managed to get the machine in by
removing the side of the shed.

To be continued...

Next time we will finish our look at

sheds and take a quick leck at a
preformed concrete workshop and
some concrete and wooden garages.
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Enhancing a
Centec Vertical Head

Gary Wooding adds a depth stop to his mill.

The Centec Mk 3 VH (vertical head) is beautifully made, with a drilling quill
and fine feed, but it always bugged me that it had no depth stop. Since |
couldn't think of any way of attaching a depth stop without removing the
quill, it remained a pipe dream until | eventually plucked up the courage and
attacked the quill. The only change was to drill and tap three M4 holes in the
end of the quill.

Stop
'Angle-eye Block &
LED lamp Bracket
Digital
The ;omp;‘ered project. Scale
Stop-rod
purchased my Centec 2B mill about 6 &Tile
years ago; it came with power feed, Mk Nuts
3 Vertical Head, 30 International taper .
sockets and 415 Volt 3phase motors running Quill
from a rotary converter. My first change to it Bracket

was to convert the motors to delta and feed
them from a pair of 220Volt inverters. This
was not a trivial task because the motors
hadn’t been designed for delta. The second
change was to fit a three axis DRO, but
these are separate stories. The component ; : o

It occurred to me that, while the quill was  parts. . = -]
removed, | could also fit a Chinese digital
scale as a depth gauge. | also took the
opportunity to fit a rather novel, but
effective, work light.

The finished project

Photograph 1 shows the finished project
on my Centec while photo 2 shows the
component parts. Photographs 3 and 4
show the effectiveness of the new work
light. Photograph 5 shows the machine
before the modifications were made.

Removing the quill

This turned out to be much easier
than | expected. However, before
removing the quill, and thus rendering

t:.'.(- ] ...'3

your mill unusable, read the whole
article first as you may need to make . y > ! .
a few simple tools. The LED lamp from below. The LED lamp from above.
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The aluminium cover over the top of the
quill comes off quite easily to reveal the
large spring and retaining nut shown as A
in photo 6.

The spring is quite tough, so | made a
couple of simple coil clamps from pieces
of clothes hanger wire. Use the quill lever
to compress the spring and position the
clamps to hold it compressed enough to
safely remove the nut (photo 7). Don't
forget to remove the drawbar; | forgot
when | took the photograph.

To unscrew the nut you need a pin
spanner. | didn't have one so | made one
from an odd steel strip and a couple of
turned pins (photo 8).

The Vertical J;;'ead Ibefore the modifications.

Identifying the parts for quill removal.

The Centec uses Imperial sizes, so the
pins are 0.2 inch diameter x 0.15 inch long
spaced at 1inch centres.

Unscrew the spring retaining nut. Mine
was a very tight fit, so tight that |
suspected a left-hand thread, but don't
worry, it's a normal right-hand thread.

With the nut removed, the spring can be
removed. The up/down quill movement is
constrained by a socket head grub screw
on the side of the vertical head casting (B
in photo 6). It's on the left of my Vertical
Head, but a friend has it on the right.
Remove this, together with the one it
reveals and, using the lever, carefully
lower the quill until it can be removed

from below the casting. Be very careful
because the quill is hollow and doubles as
the oil reservoir. Pour the oil into a
suitable container before continuing.
Incidentally, there is no seal between the
quill and casting and this, rather than
failure of the spindle oil seal, is the source
of many oil leaks.

To be continued...

Fig. 1

Quill Bracket

LED Ring

General Arrangement

The pin spanner.
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Fig. 2
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Replacing

Lathe Bearing

Alan Hearsum Fits Taper Roller Bearings to a Myford ML7 Lathe.

This article explains how to replace

the original whitemetal bearings
(or alloy of same) on a Myford ML7
lathe using taper roller bearings in
their place. The completed project
is pictured right. The only external
aesthetic difference is the presence
of lithium grease cups in place of
the traditional glass oil feeders.
Observing more closely there is the
outline/shape of an oil/grease seal
protruding from or flush with the
side of a bearing cap.

Preparing the completed
bores for assembly

The first stage of cleaning was washing
away the cast iron particles and dust in

a paraffin bath (photo 27). The ring of
each bearing was used to ensure the
bearings could be assembled from above
and then the end caps providing the
closure forming the complete housing.

It was necessary to remove burrs from
the edges, particularly on the joints. This
was done with a rotary toolmaker’s file
sometimes referred to as a ‘rotary tool’ to
make use of a tungsten or diamond burr.
This involved simply testing the ring until
it would enter the half housing from above
and if not | continued the filing process

s ¢

Cleaning swarf and muck off.
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. Part 3

-
The finished headstock.

using the bench vice to hold the headstock
firm. A similar operation was performed
when fitting the oil seals to see that they
seat properly in the bores from above. It is
important that the bearing caps are a close
fit so that grease does not spew out from
the gap (split) between the top and bottom
halves of the housing.

Photograph 28 shows the bearings and
oil seals in their respective bores.
Photograph 29 shows a close up of the
bearing assembly from the rear of the
headstock. Photograph 30 shows the front
of the headstock housing. The oil seal
nearest the chuck on this housing was
replaced with a 0.31 inch wide one instead
of the 10mm wide oil seal to provide a bit
more clearance between the oil seal and

'.ﬁ'faf. f;r ofbearfngs and sea;r‘s.

the bearing (photo 30). Photograph 31
shows the finished machining of the bores
on the bearing at the chuck end. The bore
on the left is slightly bigger to
accommodate the 2.000 inch diameter oil
seal compared with the bearing which is
1.98 inches bore. Photograph 32 shows
the bores relative to the machining of the
bores at the changewheel end.
Photograph 33 is a final check on the
lengths of the mild steel bushes. The
spindle is placed back into the whitemetal
bearings after the bores have been
machined. A measurement is taken with
the spindle pushed up against the
whitemetal bearing from the flange to the
taper roller bearing bore shoulder to
deduce that the length of the mild steel

A view from the ba ofth
achangewheel end.
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A \;'fe:v from the-back of the chuck end.

A e

Checking length for mild steel bushes.

Bushes and seals temporarily fitted.

i L
(ST

i, AN

@25mm bore
@35mm

F—>9/16in

Mild Steel Collar
At Changewheel End
Of Spindle

Radi j 4
spindle radius 2 s
e e £ i
£ fa
S
— =—112in
Mild Steel Collar
At Chuck End Of Spindle
Fig. 5 Bushes (Spacers) For ML7 Lathe Spindle

bush needs to be a push fit on the
machined spindle with a 1.417 inch bore x
1.43 inches outside diameter x 0.5 inches
long. A similar measurement is deduced at
the rear bearing to ensure a spacer/bush is
made to allow the nut to tighten the bush
against the bearing and leave enough
thread for the nut to work. This bush is
25mm bore, a push fit on the spindle x
35mm outside diameter and 0.56 inches
long. The original peg and locking collar
are reused prior to the nut being tightened
to preload the taper roller bearings.
Photograph 34 shows the bearings and oil
seals temporarily in place prior to
machining the spindle.

Machining the spindle to
fit the taper roller bearings

Prior to machining the spindle the two
bushes are made from mild steel (fig 5). The
dimensions for machining the spindle are
shown in fig 3. Photograph 35 shows the

January 2014

spindle held in a four-jaw chuck and at the
other end in a tailstock held with a rotating
centre. The spindle has a taper machined

in the end which requires a larger than
normal, 0.875 inches diameter, tapered
rotating centre (photo 36). Photograph 37
shows the spindle being machined for the
bush and the hand held push fit of the taper
roller bearing at the chuck end. The finished
diameter is 1.1417 inches diameter with a
radius blended into the existing radius on
the spindle.

Assembling the

spindle components

Photograph 38 shows the mild steel collar
as a hand held press fit on the spindle.
Press fit means the collar will push on

by hand and does not need excessive
force as it may need to be replaced in the
future. It is better to apply some Loctite
641 medium strength retaining compound
than drive the collar on with excessive

Machine Tool Renovation "

- L A L.
Skimming spindle headstock
bearing diameter.

Starting theassemb;‘y.
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A close-up view of the assembly.

force. This collar will be tightened on its
faces in any case when pressure is applied
through the retaining nut at the other end
of the assembly. The retaining nut has a
copper pad inserted into the ¥ inch BSF
original tapped hole with a ¥ inch BSF half
dog grub screw to force the copper pad
onto the bearing retaining screw. The next
to go on is the oil seal which is 1.43 bore x
2.00 inches outside diameter x 0.31 inches
wide. The smooth or flush surface of the
oil seal faces the flange. The taper roller
bearing is the last to go on and again only
needs to be a hand push fit provided by
the hands and NOT knocked on with a
hammer and piece of pipe/tube.

The bearing should have been tried for fit
before the spindle is taken out of the lathe
50 that it hand pushes on easily and can be
drawn off easily by hand. There has to be
some evidence of an interference fit even
when pushed on by hand. The ring of the
taper roller bearing is the last to go on in
order. The bull wheel, part of the back gear
of the Myford ML7 lathe is next and that is
a push fit on the 1.125 inch diameter
spindle which has not been machined as
part of this assembly. The Woodruff key
needs to be in place on the spindle so the
bull wheel can be pushed over it. The bull
wheel is a good example of the type of fit
to be experienced in fitting the taper roller
bearings and their mild steel bushes. The
Woodruff key may have some burrs on it
which will need filing off.

The pulley assembly
Next to go on the spindle is the Vee cone

pulley assembly shown in photo 39.
As the assembly has changed with the
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Turning the circlip groove.

B

The completed assembly...

removal of the whitemetal bearings and
the thrust race, there is a need to place

a brass retaining washer and circlip on

the spindle to hold the Vee cone pulley
assembly in place. Photograph 40 shows
the machining of the circlip groove in the
spindle. The brass washer is 1.5 inches
diameter and %s inch wide shown fitted on
the spindle in photo 41. | removed around
¥ inch from the shoulder as | felt there
was too much linear movement/play of the
Vee cone pulley assembly. An alternative
would be to make a steel washer to take
up the slack on the 1'% inch diameter part
of the spindle. Photograph 42 gives a
clearer position of the circlip, brass washer
and the Vee cone assembly in place on
the spindle. There is however excessive
play between the Vee cone pulley and the
shoulder where the brass washer fits. This
play | imagine helps with the alignment

of the Vee belt pulleys, although | have
commented on a solution to this problem
above. The complete assembly with the
remaining bearing and oil seals is shown
in photo 43.

The first oil seal to go on at this end (the
change wheel end) is 26mm bore x 53mm
outside diameter x 10mm wide. The
smooth side is placed towards the Vee
cone pulley assembly. The taper roller
bearing 0.9843 inches bore must be a
hand press fit onto the spindle in a way
where it can be removed with a firm pull
but is easy to remove without hammering
or pulling it off with mechanical pullers.

The next item is a spacer bush 25mm
bore x 36mm outside diameter which is a
push fit by hand onto the spindle. The final
oil seal, which fits over the bush, is 35mm
bore x 50mm outside diameter and 7mm
wide. The smooth or flush side of the oil
seal faces outwards. The final assembly
includes a peg that fits in the spindle and a
thrust washer and a screwed locking collar
held in place with a copper pad down the
collar’s tapped hole and capped with a %
inch BSF socket setscrew. The copper,
being a soft material, embeds itself into the

...with the bearing caps fitted.

thread under pressure from the half dog
pointed grub screw. The locking collar is
fully tightened and then the % BSF half dog
grub screw is forced on the copper pad that
locks it onto the spindle thread. This is
done when all the components are fitted in
their respective bores and the bearing caps
are fitted as shown in photo 44.

The completed headstock assembly does
not look externally that much different
from the assembly with the whitemetal
bearings in place other than there are
grease cups used and not glass oilers. The
grease used is lithium based, black in
colour, and of a very smooth consistency
similar to slightly warm spreadable butter.

There is a screw that needs to be
removed in the Vee cone pulley to allow
for a temporary grease nipple so that the
spindle can be greased periodically. The
grease nipple is removed after greasing
and the screw replaced so that if this
section of the pulley is used it does not
interfere with the Vee belt drive. Originally
oil was the lubricant of the rotating
headstock components. Grease is simply
oil in a different form that will adhere to
the moving parts.

The bearing caps also have a temporary
% inch BSP plug with a 2BA grease nipple
to fill the bearing housings with grease.
The bearing housing should not be
over-packed with grease. The grease cups
shown in photo 1 are used to add grease if
needed on a continuing basis and for that
matter, with patience, they can be used to
load the initial quantity of lithium based
grease into the two bearing housings.

Condusion

The taper roller bearing assembly has
been tested on a Myford ML7 lathe and
the performance is excellent particularly
when machining at high speeds. There is
no noticeable heat generated or vibration,
noise or detrimental finish on the work
being machined when compared to the
original whitemetal bearings. B
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Converting a o
Warco GH1000 o0 e
Some model engineers feel that Lathe tO CNC

CNC is a bad thing and takes away
some of the skill in engineering John Pace increases his CNC machine capacity.
and model making. However, if
used intelligently CNC can fill the
gap between manual machining

and those jobs that are a little Ppriisad s Lo ;‘2‘2;
tricky of even impossible to do.

Drill @3mm 0.200 deep
Drill @2.5mm through

3 holes @3mm on 1.300 PCD

ap
Cut through on centre

Bore close fit on

= [=-0.125 stepper motor shaft

he nylon drive gear is fitted to a steel = i
hub. The bore of the hub is machined S W S IO (T it SRS (| B
to be a close fit on to the stepper 2 |

motor shaft. At each end of the hub the

diameter is reduced and the ends cut with
four slots. A split collar is fitted at each Ll
end and clamps the split bore to the shaft.

EZ

As all of the important diameters and the - @0.600 0.300—
bore are machined at the same setting 0330—» ‘_0-550 = = :
concentricity is certain; this is important . :
with this gear drive to maintain minimal i @D1.550 =
backlash and a smooth drive. The hub is
shown in drawing 13. Stepper Motor Gear Hub Clamp Ring
The bearings are fitted and adjusted to Mat'l: Steel Mat'l: Steel, 2 off
the bracket and the end float checked
{(photo 18). The nut housing should rotate X Axis Stepper Motor Hub
freely with no end float. In photo 19 the
stepper motor and drive gear are fitted, Flg 13
the slotted hub and collar can also be seen
in the photo.
The spacer ring, also fitted on the main bored about an inch deep for the leadscrew. new Arc Euro Trade one. The main
body, is made to provide the best Photograph 21 shows the components for components have remained unchanged. An
alignment of the gears. the saddle drive. This early photo used a additional support strap not shown in this
Next, the leadscrew is Loctited into the different stepper motor and gear set. The photo is required to counteract the thrust on
short extension shaft (photo 20). This is the motor had to be changed as it had the support bracket (drawing 9) shown later
same shaft as seen in photo 11. The end is developed a problem and was replaced by a on the machine.

The X axis drive assembly.

Checking the end float.
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Positioning the fixture.

Drill th

\

Drill th rough
Gr3ll:|-“:-|mlgh 3 holes G4g.2mm ™
4 places

0.700 \

N e

3 holes M4
on I.OO(‘:I?r?PCD

1.821

.
L

& &
» @ o, 0.700
=
- ¥ &
8
b I 1365
R g /
= / 1786

[

0.725

Stepper motor ————
flange holes
4 off, tap M4

1.790

%

1.790

1.370

! 1.730
Y Axis Stepper Motor Mounting Plate

Mat'l: 3mm steel plate
View from rear

Fig. 14
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The ¢ross slide mounting parts

The stepper motor drive for the cross
slide has less room to fit as it has to fit

in the space between the apron and the
end of the cross slide leadscrew bracket.
The stepper motor used as indicated in
the earlier description is a single stack
size 34 motor. This motor only just fits in
the space the gears fit into housing which
forms the motor mounting and attaches to
the leadscrew bracket.

Drawing 14 shows the mounting plate
and drawing 15 the cover plate. The plate
and cover plate were CNC milled. The plate
and cover plate are held on the milling
machine by some small fixtures. The hole
positions are drawn in as part of the CNC
file to miss the cutter path. This part of the
file is used to drill the hole locations and
also to position the fixtures on the milling

Model Engineers’ Workshop



Machine Tool Conversion "
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table. Photograph 22 shows the fixtures
being positioned, the table moves to the Front Vi
location, the fixture held in the chuckis R 3 holes tap M4
bolted down and the chuck, released and b Modiﬁcations required to gsfg'grize T
then moved to the next location. cross slide leadscrew bracket 250+ |- Sé’eppe, i ek
Photograph 23 shows the milling of the /‘T\\ mounting plate
cover plate and photo 24 the mounting
plate. The driving spider seen off to the S
right was milled at the start of the file from 2 A 3
the hole in the centre of the plate. In photo o ‘i’ = H i
25 the cross slide leadscrew bracket is I S e — o _46_| _
being modified. This consists of machining # Machine surface ; f ok 5 :
a flat perpendicular surface and drilling two to dimension - . 0.950 ' 0.700 ' 0.700
holes and machining the area behind the (';?:ﬁﬁgu“ of “s'fii"'{fr[“"" Mounting plate shown in position
indexing collar. These dimensions are 0 cover %‘I‘a?g |
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Machining the cross slide leadscrew bracket. 9
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BRITAIN’S FAVOURITE PHASE CONVERTERS...
CE marked and EMC compliant

SUPPLYING
THE WOODWORKER &
MODEL ENGINEER SINCE 1984
THE ONLY PHASE >
CONVERTER MANUFACTURED
iN BRITAIN TO IS09001:2008
by POWER CAPACITORS LTD -
30 Redfern Road,
. Birmingham

See us at

London Model
Engineering
Exhibition

Friday 17th January to
Sunday 19th January 2014

B11 2BH _ .

STATIC GONVERTERS from £252 inc VAT

3-YEAR WARRANTY/MONEY-BACK GUARANTEE
240-volt 1-phase input, 415-wlt 3-phase output,
Single or mult-motor operation via sockeVplug or
distributon board. Eight sizes rom 1. 1KW1 Shp
ta 11KWIShp. ——e
deal soktionfor T HEINSWEVE
“one machine at yiniiint i
a lime" environments. Output ietrofils directly to
existing machine wiring ioom so no medification
fo machine necessary. Manual power adjustment via switch using volimeter as guide.

= 3-YEAR WARRANTY/MONEY-BACK GUARANTEE

240-volt 1-phase Input, 415-volt 3-phase output. Single or

mlti-metor operation via socket/plug or distribution board.

Eleven sizes from 1.1kW/1.5hp to 22kW/30hp. Ideal

solution for multi-opermtor environments or where

mmm fully autorated “hands-free" operation is required
irespective of demand. Output retrofits directly to existing machine wiring loom

s0 no modification to machine necessary, Some sizes suitable for welding applications.

i DRIVE INVERTER!

2-YEAR WARRANTY/MONEY-BACK GUARANTEE
240-yolt 1-phase input, 240-volt 3-phase output (.. dual
voltage motor required). SOFT START-STOR, SPEED CONTROL,
BRAKING, MOTOR PROTECTION and JOG FUNCTIONS.
Low-Cost, general purpose sireplified torque vector control.
Entry level performance suitable for the majority of
applications. Integral EMC Filter as standard, Four

sizes available from 0.4kW/0.5hp to 2.2kW/3hp.

5-YEAR WARRANTY/MONEY-BACK GUARANTEE
240-valt 1-phase input, 240-volt 3-phase output

{i.e. dual vollage motor required). SOFT START-STOP. SPEED
CONTROL, BRAKING, MOTOR PROTECTION and JOG
FUNCTIONS. Simplified torque vector contral

giving enhanced performance at low RPM.

Four-sizes from 0.4kW/0 5hp to 2.2kWW/3hp.

5.YEAR WARRANTY/MONEY-BACK GUARANTEE
240-volt 1-phase input, 240-valt 3-phase output (i e. dual
voltage motor required), SUFT START-STOP, SPEED CONTROL,
BRAKING, MOTOR PROTECTION and JOG FUNCTIONS.
Advanced vector control giving opfimum
performance at low RPM. Four sizes from
0.4kW/0.5hp to 2.2kW/3hp.

= REMOTE CONTROL STATION £67 inc VAT

2-YEAR WARRANTY/MONEY-BACK GUARANTEE

Suitable for all MO inverters, this remcte pendant allows you to
access the software of the inverter remotely, bypassing the
buttons on the inverter itself. START, STOP. FORWARD, REVERSE,
RUN, JOG, SPEED POTENTIOMETER, NO-VOLT RELEASE
e i safety feature and two metre
length o 7-core flex as standard.

PRSI

Yy Trawswaye
CONVERTERS MADE IN BRITAIN SINCE 1984; 3-YEAR VIARRANTY ON ALL
CONVERTER PRODUCTS; BS EN 9001:2008 QUALITY ASSURED MANUFACTURING
ENVIRONMENT; CE MARKED PRODUCTS COMPLIANT WITH EMC REGLLATIONS,
THE LOW VOLTAGE DIRECTIVE and BS EN 150 61000-3-2:2006,

NO SURCHARGE FOR DEBIT & CREDIT CARD PAYMENTS

FREEPHONE 0800 035 2027 or 0121 708 4522
transwave@powercapacitors.co.uk * www.transwaveconverters.co.uk




In Praise of the

Humble Fly Press

John M. Smith shows you how to select a press and make a simple Vee bending tool.

A typical fly press.

January 2014

It is a truth universally acknowledged that a single partin possession of a
good deal of complexity must be in want of a tool (or jig, or fixture). When

[ can, | buy (rather than make) tools, to maximise the time spent actually
building my 7% inch gauge GWR 1400 class locomotive. But it is not always
possible. The time spent making just the right tool or fixture is amply repaid
when perfect and identical parts result. | recently needed to make the cover
for the front sandbox operating rod on the loco (pheto 1). This features three
bends in alternate directions which must be positioned close together and to
quite close limits to fit over a bracket and underneath the smokebox. There is
no way that this could be done on a box and pan folder but it can be done on
the fly press, with the right Vee bending tool.

The fly press is regarded as a tool
more for the blacksmith than for the
precision engineer, but it can produce
work to fine limits. It can also tackle jobs
that cannot be handled easily by other
tools. It can punch holes of any shape

and size (within reason). It can bend and
shear sheet material and rods and it can
cut louvres. All with the right tools, of
course. | have used it to make precisely-
dimensioned handrails for the locomotive.
| have also used it to produce large-radius
curves, such as for the covers on the
1400's screw reverser (photo 2).

Around WWII, tens of thousands of fly
presses were in use, making everything
from radio set chassis to tin-plate trains.
This work was later taken on by power
presses. There are many fly presses that
are now surplus to requirements. Silly
prices are sometimes asked, but you
should be able to get a good used fly
press, on a stand, for around £180 and you
can make it as good as new. The most
plentiful British makes are Norton,
Sweeney & Blocksidge and Denbigh.

Two words of advice. Firstly, only buy a
press which comes with a steel stand.
Presses are heavy beasts and a sturdy
wooden stand, or a fabricated and welded
steel one, is going to cost you almost as
much to make as the press will cost you to
buy. Secondly, try to find one on sale
direct from an engineering firm. This not
only avoids high-priced ‘reconditioned’
presses (which have been attacked with a
wire brush and had a coat of gloss paint
applied over decades of grease and dirt)
but also increases the likelihood that the
vendor might include some tooling in the

sale. Make sure that the Tee slots are not
broken, that there are no cracks in the
frame, and that the lead-screw is in good
condition. Also ensure that at least one
weight is present, although most fly press
work is undertaken by pulling quite gently
on the handle rather than by spinning the
press so that a frightening amount of
angular momentumn can dissipate its
energy into the workpiece.

| bought a No 2 press, which is small
enough to get into a hatchback. But | made
the mistake of buying a press without a
stand. So | sold it on and bought a No 5
press with a stand. This is a really useful
size, capable of doing heavy work. You will
need to hire a Transit-sized van, but the
vendor will normally have the means to
load the press, on its stand, into the van (top
of the press facing the front). When you get
home, two people can slide the press down
two heavy timbers onto the floor of the
garage/workshop. Stripping and repainting
the parts is very satisfying; it's a substantial
piece of British engineering! The next task is
to have the sides of the ram ground by a
friendly precision engineering firm, together
with the corresponding working surfaces of
the side-cheeks. These can then be
assembled so that the ram operates silkily
and completely linearly, without any shake.
Treat yourself to new nuts and bolts all
round, two huge Tee nuts for the slots in the
bed and some industrial-strength ‘dogs’ and
you are ready to rumble (photo 3).

Now for the Vee bending tool. The part
clamped down onto the bed is the die. |
made one 8 inches long from % x 1} inch
BMS. The narrower you make the die, the
closer together you can position bends,
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Machining rh angle on the Vee tool.

but you will limit the thickness of material
that you can bend. The die is attached to
a 12inch length of % x 1inch BMS bar
which can be clamped to the bed. The
extra length allows a toolmaker’s clamp
to be employed at each end to hold a
stop against the rear vertical surface of
the die. Dowell and screw the two parts
together, only counterboring for the 8mm
Allen screws if your drill press is sturdy
and has an ultra-low speed. Put a few
6mm tapped holes along the centre-line
of the die to enable a stop to be clamped
to the rear vertical face as an alternative
to the clamps.

The Vee in the die is 90 degrees and does
not extend to the very edges of the top of
the die, thus avoiding sharp and easily-
damaged edges (and unsightly marks on
the workpiece). If you have access to a
swivelling angle plate, machining the Vee
is simple. A good investment is a digital
protractor, with which you can set angles
to 0.1 of a degree.

| made the Vee tool from a piece of 80 x
12mm black steel, but BMS would be
equally suitable. Industrial dies and tools
are usually hardened or made from high
speed steel (HSS). For the number of parts
we are going to make, mild steel is fine.
Both the tool and the die can be

The completed tool and die.

Sheet metal bent with the press.

remachined very easily when wear occurs.
If you have to do a lot of bending of rod or
bar thicker than Vs inch, then use (an old!)
hardened precision Vee block as a die.

The angle of the Vee on the tool is 88
degrees. The one degree of clearance each
side allows the very tip of the tool to work
at the point of the bend. Even so, you may
find that bends come out a shade over or
under 90 degrees, requiring truing up in
the vice. Photograph 4 shows the angle
plate set at 44.0 degrees to the horizontal
to mill the Vee on the tool.

88°

Fig. 1

| have acquired a few second-hand fly
press tools, including two tool carriers.
These fit into the 1inch diameter hole in
the ram to carry tools of any length. If you
don’t have a carrier, you will need to make,
and weld to the tool, a 1 inch diameter
spigot. Photograph 5 shows the
completed tool and die.

The radius on the tip of the Vee tool is
what determines the radius in the
workpiece. The tightest radius you can
achieve is about 60% of the thickness of
the material you are bending. Use a

Fig. 2
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smaller radius than this and the material
will shear. A radius of %4z to ¥ inch works
for most materials and thicknesses of
sheet that we need to bend. If you need a
radius of (say) % inch, you will need to put
a % inch convex radius on the tool using a
corner-rounding cutter. These precision-
ground HSS cutters are available for a
wide range of metric and Imperial radii
and are not too expensive. (They also
make excellent profile tools for the lathe.)
Now, let’s assume that we need to make
a part with similar geometry to the
sandbox rod cover. Put a first bend in a
piece of scrap material of the same
thickness as the sheet to be used for the
cover, using the set-up shown in fig. 1.
Make the distance from the edge to the
first bend about ¥ inch, so X would be % To make a handrail, use the set-up infig. 2
inch. Then, using the set-up in fig. 2, put a with a packing piece (X) of 3 inch thickness.
second bend in the test piece using a piece Bend a test piece of % inch diameter rod

A complex shape done on the press.

of % inch thick material, clamped to the used 303 stainless steel) without the turned
rear of the die, as a stop. Measure the and threaded end. Compare the length of
distance between the two bends and the leg with what you need. Adjust the stop
adjust the thickness of the stop (X) to give (X} accordingly. Now turn another test piece
the exact dimension you need. This will to a precise but arbitrary length in the lathe,
also inform what thickness of stop you again without waisted and threaded ends.
need for the final bend. Photograph 6 Bend both ends and true up the angles in
shows the repeatability achievable. the vice and then measure the distance

Sheet Metalworking "

between the leg centres. Compare this with
the dimension you need and this tells you
what precise length (Y) you need. Now you
are ready to go into production with
properly shouldered and threaded ends.
Bend the handrails, fit collars {push-fitted)
and silver solder the collars in place. Job
done.

I'm sure that you will find the press and
the Vee tool of use in the workshop again
and again. B

Book Reviews

These books are available online at
www.camdenmin.co.uk
Tel. 01373 830151

Building Small Boilers Bu!ldmg Small
Boilers for

Gas Firing

by Alex Weiss and
Kevin Walton

for Gas Firing

ISBN No. 978-1909358-03-4
Price £16.95 plus £1.95 P+P

This is an interesting book about
making and testing gas fired
boilers for powering small steam
engines and also for use in boats
and locomotives.

There are designs for several
boilers included and there is also
a comprehensive chapter on silver
soldering.

ALEX WEISS This book is thoroughly
recommended if you need to build
consultant Kevin Walton T a small pot boiler.

January 2014

OLD CODGER’S

COOKBOOK

PN CLIRWEN

Old Codger's
Cook Book

by David Curwen

ISBN No. 978-1-909358-04-1
Price £6.75 plus £1.95 P+P.

What, you may ask, is a cook book
doing in Model Engineers’ Workshop?
Well, the author is David Curwen of
locomotive fame. The book includes
lots of interesting narrative and a lot of
posh and not so posh recipes so there
is something for everyone. You could
even buy it as a present for the wife.




POLLY Yy MODEL

Incorporating BRUCE ENGINEERING
For all your model engineering requirements:

5” gauge Kit-build Live Steam Locos:

For the beginner or the serious club user!
Range of 8 different models, tank locos,
tender locos, main line outline and narrow
gauge. All fully machined and designed for
the inexperienced. Kit Loco Catalogue
available £3 posted or visit webpage.

Stationary Engine designs and kits:

We supply a wide range of models including many designs by Anthony Mount based
on historic engines. We also stock the famous Stuart Models which include models
. | suited to beginners through to some serious power plants. The simpler engines can
be the ideal introductory project in model engineering with books available detailing
: their construction. Details in our catalogue or visit the webpage.

For the serious model engineer, we
supply a range of designs, castings and
parts to facilitate construction of some
very fine scale models in all the popular
gauges. We are renowned for the
quality of our GWR locomotive parts and
our scale model tender kits. ‘Practical
Scale’ models are now included in our
main catalogue.

Model Engineers’ Supplies:

Comprehensive range steam fittings, fasteners, consumables, materials, books, accessories, etc. Large
stocks mean your order can be quickly despatched. New Combined Catalogue available £2 posted or
download from the webpage. Whatever your requirements telephone or email.

* W 9

Polly Model Engineering Limited

Atlas Mills, Birchwood Avenue, Long Eaton
NOTTINGHAM, ENGLAND, NG10 3ND

Tel: +44 115 9736700 Fax: +44 115 9727251 email: sales@pollymodelengineering.co.uk



West Point

MACHINE TOOLS @ 0161 3302292

* ok Kk Kk * www.west-point.co.uk

CUSOMTER CARE * WARRANTY

MYFORD Type 2545:Centre Lathe. COLCHESTER TRIUMPH 7 1/2™: COLCHESTER BANTAM 1600: Centre Lathe.
Swing Over Bed. Between Centres 30" Swing Over Bad 15" 11" Swing Over Bed. 20" Between Centres
Between Centres 307 Spindle Bore: 2° 3 Jaw. 2&3 Point Steadies. Speeds 35 to 1600 rpm.

Spindle Speeds 53-2000 rpm. £3,250 Quick change tool post. £2,250 38&4 Jaw chucks.

.

SMNAP ON: Garage Press. WILMAT Type 16: INGERSOLL RAND: ELLIOTT Type 10M: NUTOOL: Pillar Drill.

20"Between Uprights. Manual Electric Lift Fork Truck.  Twin Cylinder Compressor. Horizontal Shaper. 1/2" Capacity.
35" Max Daylight. 300kg Capacity. 2.2KW Single Phase Motor. 10"x 7* Tilting Table. 11" Diameter Table.

Capacity 15 Ton (Approx). £375 Fork Length 207 £325 17"x 48" Air Receiver. £675 10" stroke. With Vice. £375 Single Phase. £125

Grann Bat

CLARKE: Industrail Air Compressor. BARNES Intial Pinch Powered Bending Rolls. BOXFORD VSL: Variable Speed Centre Lathe.

Maodel SEI 6C150 Garage Type Rolls Size 24" x 3" Diameter Swing Over Bec: 97
Max Working Pressure 10.3 Bar. Distance Between Centres: 207
Single Phase. £375 £2,250 Collets & Drawbar. £2,250

West Point Machine Tools .

Fromac Works, Junction Street, Hyde, Cheshire. England SK14 40N * oy
Tel: +44(0)161330 2292 - Fax: +44 (0)161 330 2293 41
Website: www.west-point.co.uk - E-mail: quality@west-point.co.uk westpoint uk

THE MOST GENUINE MACHINE TOOL COMPANY IN THEWORLD - "PROBABLY"
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PRO

es
L

MACHINE __
TOOLS LIMITED y/

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

€3 warranty) On ALL WABECO Machin

. \—
. Wabeco produce quality
rather than eastern quantity

CNC machines are offered with a variety ‘%:____
of CNC control and software systems, - - =
and still be used as manual machines. T

" +Table -
i 700 x 180mm

= 7 axis - 280 mm

= Speed - 140 to 3000rpm

* Power - 1.4 KW

Wabeco produce precision
made machines by rigorous quality
control and accuracy testing.

Wabeco

* Size - 900 x 610 x 960mm
« Weight - 101Kg
CNC Lathe CC-D600OOE
« Centre Distance - « Size - 1215 Wabeco Lathe D6000E
600mm 500 x 605mm

* Centre Distance - 600 mm

= Centre Height - 135mm

= Speed - 30 to 2300rpm

* Power - 1.4 KW

= Size - 1230 x 500 x 470mm
* Weight - 150kg

= Centre Height - 135mm  « Weight - 150Kg
= Speed - 30 to 2300rpm * NCCAD/
* Power - 1.4 KW NCCAD Pro

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

Wabeco Lathe - Centre Distance - 350mm

¢ Centre Height - 100mm
D4000E * Speed - 30 t0 2300mm &g Ywarranty
(=] * Power - 1.4 KW ; d

gy = i * Size - 860 x 400 x 380mm
! . « Weight - 71kg

Wabeco _
CNC Mill t
CC-F1410E ==

*Table - 700 x 180mm

*Z axis - 280mm = Speed -
140 to 3000rpm

= Power - 1.4 KW

* : / * Size - 950

X 600 x 950mm
« Welght - 122Kg

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

We regularly ship worldwide PRO Maichlne Tools Ltd.

Please contact us for stock levels and more technical detail 17 Station Road Business Park, Barnack,

All of our prices can be found on our web site: Stamford, Lincolnshire PE9 3DW
01780 740956 - 01780 740957

WWW. B m CO m a C h i I'IetOO |S. CO . U k sales@emcomachinetools.co.uk




Building a
Plastic Injection’

tiered frame (photo 1).
The base level supports the mould and the

2 clamping system. The second level supports
Trevor Ford makes a useful machine. the infaction cylindarand the:elctiitally
heated heat sink unit mounted below it. The
ram lower support and lever support
components are carried above the platform.
Note the use of the drop arm to allow radial
and lateral movement of the lever pivot as

During 1976, as part of a Design Technology teacher training course, the the ram moves in a straight line.
; S : ; The top level carries a support guide for
construction of a steel mould for plastic injection moulding formed the basis of a the'top et b g ,e'f;ning i
: : : for the lever when at the top of the stroke.
practical assignment. The mould that | designed and made was used to produce Jr thiis 6tag e itiould ab Houbthe
a series of two and one half inches wide caterpillar track links. It was anticipated helpful to differentiate between the two
) ) . terms ‘mould’ and ‘moulding’ as used in
that a set of links so formed would provide the tracks for a radio controlled, one this article.
. s , . . The ‘mould’ is the block unit with the
metre long model tracked vehicle to be built as a final year practical project. desired shape formed as a cavity within it.

The ‘'moulding’ is the item produced by
injecting the plastic into the ‘mould’.

The operating sequence is as follows: The
electrically heated jacket around the cylinder

II' he plastic links were ultimately is raised to the correct temperature to melt
I rejected in favour of gravity die cast and inject the plastic. A steel faced tapered
Aluminium ones as described in wooden block is wedged beneath the nozzle
MEW No. 208. The steel injection mould to prevent melted plastic extruding during
was thus mothballed for over fifteen years. the heating phase {photo 2).

Moving on to the early 1990s a design Thermoplastic strips, cut to a width and
technology course that | taught at that length to suit the cylinder, are fed into the
time required that pupils be given mouth of the cylinder and allowed to
knowledge of and an experience of plastic become ‘plastic’ with a thick paste like
injection moulding. A newly produced consistency (photo 3).
commercial machine was acquired on a The wooden block is removed and
test and evaluation basis and the link replaced by the mould which is then
mould and several supplied moulds were clamped tightly onto the nozzle, this needs
trialled. The machine exhibited a number to be carried out quickly to prevent plastic
of design and construction failures and oozing into and blocking the mould cavity
was returned to the manufacture. (photo 4).

As a result the machine described in this The plastic is injected into the mould,
article was manufactured during the pressure is applied by the lever operated
following summer break. The original ram and is sustained for about twenty
commercial design was analysed, seconds to allow the plastic to solidify and
improved and simplified where required. to remove any possibility of the plastic
As no photographs of the manufacture contracting within the mould (photo 5).
and assembly exist, photographs of the MNote the lever is horizontal and the ram is
assembled machine, sketches and at the bottom of the stroke.
component drawings are used to illustrate The mould is released and the wooden
the processes used in the construction. block is again clamped under the nozzle to

Front view ram and lever at the top Steel faced wood block closing nozzle. Plastic strips loading inte cylinder mouth.
of the stroke.
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Mould elamped in position under cylinder. Ram in lowest position, note lever
extension tube.

—i
&

xtracted moulding.

B s — S
Opened mould and

semi fluid state and lose their form.
Thermosetting plastics such as Polyester,
Polyurethane and epoxy resins require a
catalyst to change from a liquid to solid
state, but once cured cannot be changed
as heating generally destroys the
material.

The components

Most of the components are of simple
construction and only an outline

Ram at mid stroke, note drop arm angle. of manufacture for each is given.
Photographs 7, 8 and 9 show the ram

prevent any remaining plastic extruding at the top of the stroke to the bottom.
from the nozzle. Photographs 10 to 19 illustrate the

The mould is opened and the arrangement of the components described
component removed either by ejector below. Many of the stock material sizes are
pins fitted within the mould or levered Imperial but the nearest metric equivalent
out with small screwdrivers or similar could be employed.

devices (photo 6). This in essence is the
process, but further details will be given

ltas ih ohe artiche. The lower and middle platforms

At this point it might be instructive to (PU"S 1 and 2)
define the term 'plastic’. Injection These are two % x 6 x % inch or 12 x 150
moulding requires the use of x 305mm bright drawn mild steel plates
Thermoplastics. These are plastics that drilled as shown in drawings 1 and 2.
may be heated to a point where they The cylinder locating hole in the centre of
become semi fluid, rather like a very thick the middle platform should be of a large
grease and then they can be forced into a enough diameter to allow for cylinder
mould. Upon cooling to normal alignment on assembly. | have located one
temperature they retain the mould shape, supplier of this plate size, as noted at the
but if reheated they will return to the end of the article.

@25
/_

/X
4

>—4 holes
drill @12.5

150
130

s
A

280

< - . Part |.Lower Platform
Rear view of middle platform, ram Mat'l: IZmm mild steel, | off
at bottom of stroke.
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Plastic Moulding "

flwd
Top platform showing upper ram bushing.

\ !
- I !

Details of drop link mounting and Details of lever arm, tie link and
lever pivet, note spacers. upper lever.

L e o ) AN

3 RS> 5 o g ] - s
Cylinder top plate, note four bolts rather 4 /g_.-“’/-

than the two shown on drawing. Detail of middle p;‘arform:

- 4 holes
—»| j=—I0 /—TapMB\ /ms /dnnelzs
|
¥

150
130
@,
ol
s
140

—| LZG | \ 252
50 Tap M6
~ 120 "
~ 150 i
= T80 =
[ m | i " r
Part 2. Middle Platform - C
Mat'l: | 2mm mild steel, | off Lower ram bushing and support plate,

note bushing retaining screw.
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Renovating a
Cowells lathe

Tony Jeffree adds the final touches to his Cowells lathe.

Having re-instated the missing
dog clutch, change-wheel banjo,
studs and babbins, the final stage
of re-instating the fine feed and
auto-trip features of the lathe is to
make the set of fine feed gears.

arlier articles in this series have
E described how | restored a very sad
looking, rusty and grimy Cowells
90 E Basic lathe to something rather
closer to its former glory (photo 1).
So far, | have described the process of
renovating the lathe hardware itself, both
cosmetically and functionally, mounting
the lathe on a new base, replacing the
geriatric and potentially lethal Y&th HP
single phase motor with a shiny new
90 Watt (sth HP) 3-phase motor and
matching Variable Frequency Drive (VFD),
and retro-fitting the lathe with a dog
clutch, banjo, and the studs and bobbins
to fit the banjo. The final piece of the
jigsaw, at least for the present, is to make
the change wheels necessary for a fine
saddle feed.

56 www.model-engineer.co.uk

The first abortive attempt at gear hobbing.

My collection of ‘round tuits’ ran out
soon after completing the banjo and dog
clutch and it has taken a while to find a
fresh supply. However, this week | finally
managed to find the time to complete the
renovation project, at least to the point
where the fine feed is operational; at some
point | may make myself some further
change gears to complete the screwcutting
gear set, but for the moment, this will be
the last article in the series.

The standard gears for the Cowells
betray the machine's Imperial origins; they
are 32DP, 20 degree pressure angle, bored
3 inch and with a keyway to fit a %: inch
square key. | did a fair amount of trawling
of the usual suppliers, Google, eBay, and
such before concluding that gear cutters
for 32DP 20 degree PA were made of
24-carat Unobtanium. Plenty of
opportunities to buy 14.5 degree PA
cutters, but that would not be ideal as the
tooth form would be rather different.
However, it turns out that 0.8 Mod is close
enough to 32 DP as makes no odds, and
20 degree PA cutters in 0.8 Mod are far
more readily available, so | decided to go
with that.

Free hobbing?

| bought a 0.8 Mod hob from Arc Euro
Trade, and a No. 8 (135T to Rack) 0.8 Mod
multi-tooth gear cutter from someone

on Ebay, with the intention of trying a
variant on the free hobbing approach to
gear cutting, the idea being to use the

The renovated machine awaiting the fine feed.

multi-tooth cutter instead of a slitting saw
to gash the gear blanks before using the
hob. My thought was that the ‘gashed’
shape would be pretty close to the final
tooth shape and the hob would then only
have to do the cleaning up. My initial
attempts at this approach simply didn't
work. | think this was probably because

the setup | was using. My trusty wheel
cutting engine built from Taig lathe parts,
described in MEW issue 92 and also on the
web here: http://www jeffree.co.uk/pages/
cnc-wheel-cutting-engine.htm really isn't
rigid enough to cope with hobbing a gear.
Photograph 2 shows about the best of my
attempts using this approach but they are
really not suitable for prime time I'm afraid.
I'm sure free hobbing can be made to work,
and can produce good results, but | haven't
managed to get there myself as yet. So, it
was back to the drawing board.

Variations on a theme
In issue 131 of MEW | described a novel
(to me, at least!} approach to gear cutting,
using a home-made rack form cutter.
The article is on the web here: http://
www.jeffree.co.uk/pages/multi-tooth-
gear-cutter.htm

| realised that | could use a very similar
approach to the one described in the
article, but use the commercial 135T to
Rack cutter instead of making my own. As
| mentioned in the article, it takes relatively
few cuts to make gears with quite a close
approximation to the ideal Involute tooth

Model Engineers’ Workshop



form, and the obvious advantage is that,
as with a hob, you can get away with
using a single cutter to make a gear with
any tooth count.

The variant of this technique goes as
follows:

1) Set up the gear blank and cutter as you
would if you were planning to cut a
gear conventionally using a multi-tooth
cutter; i.e., set the rotational axis of the
dividing/indexing head that carries the
gear blank to be in the plane of the gear
cutter, and set the depth of cut to the
desired tooth depth, so the setup will
cut each tooth space in a single pass.

2) Cut the gear, using the appropriate
tooth count for the size of blank.

3) Shift the axis of the gear blank by
exactly the pitch of the gear (i.e., the
distance between the tooth tips of a rack
with the chosen pitch), and repeat the
cutting pass on all teeth.

4) Shift the axis of the gear blank back
in the reverse direction by exactly 2
pitches, and repeat the cutting pass.

5) Shift the axis of the gear blank by 4 of
a pitch in the direction you chose for
step (3), rotate the gear blank by ' of a
tooth, and then repeat the cutting pass
on all teeth (using a full tooth space
between cuts).

6) Shift the axis of the gear blank by a
full pitch in the direction you chose for
step (3), and repeat the cutting pass on
all teeth.

Photograph 3 may help to visualise what
is occurring here. The gear cutting engine
is basically a Taig lathe with the headstock

The gear cutting machine.
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rotated by 90 degrees, and a vertical slide
used to carry the dividing head. Alignment
of the dividing head axis with the plane of
the cutter is achieved using the cross slide
of the ‘lathe’ and the depth of cutis
adjusted using the vertical slide. The
saddle is moved towards the cutter to pass
the blank over the cutter, hence cutting the
space between adjacent teeth.

If the movement of the cross slide and
the dividing head were geared together so
they were perfectly coordinated, then
moving the cross slide by one pitch would
rotate the dividing head by one tooth as if
the gear blank were rolling in mesh with
the single tooth of the cutter. If you were
to pass the blank across the cutter in this
way while the cutter was spinning, then
the result would be that the cutter would
cut away the necessary relief on the tooth
to create a proper Involute tooth form. The
approximation described in the steps
above is to make five cuts; one at the
‘normal’ central position, two at 12 of a
tooth pitch either side, and two at a full
tooth pitch either side, which cuts away
most (but not all) of the necessary relief.
Now clearly, this doesn't result in a perfect
Involute tooth form, but in practice, the
gears | have cut this way mesh together
just fine (and mesh with commercially
made gears too), and you don't have to
invest in a full set of gear cutters in order
to achieve usable results.

As with the approach described in MEW
131, you could take smaller steps, maybe
making cuts at every ¥ pitch; however,
you will need to be particularly careful
about coordinating the direction of
rotation of the ¥% tooth steps and the

Machine Tool Modification "

direction of the associated axis shifts. Get
that wrong and you will end up destroying
the tooth form instead of cleaning it up.

The Cowells fine feed train

The gears needed for the standard Cowells
fine feed are as follows:

+ A 20T gear, attached to the back
end of the spindle, driving:

+ A 32T gear, coupled to a 16T gear,
on the first stud, driving:

+ A 66T gear, coupled to a 24T gear,
on the second stud, driving:

+ A 84T gear attached to the left-hand
end of the leadscrew.

The overall effect is a reduction of nearly
15:1, resulting in a saddle movement of
0.067 mm per spindle revolution, or
approximately 2.5 thou per rev, which is
about right for a fine feed on a lathe this
size, so there was no good reason to
choose a different combination.

Cutting the gears

The gears are nominally % inch thick,
with a 3% inch bore. Blanks can be made
up by taking slices off suitable bar stock,
turning down the OD to the size needed,
and then drilling and reaming to % inch.
Photograph 4 shows the blank for the 64T
gear being faced off prior to boring; the
two larger gears | made from aluminium
because | didn't have any steel bar stock
big enough, but the remaining gears |
made from steel offcuts that | found in
the scrap box. The following table shows
the appropriate outside diameters for the
gear blanks; with module sized gears, the
OD in mm is Module size times (Tooth
count + 2).

Tooth count Outside diameter
64 52.8mm
56 46.4mm
32 27.2mm
24 20.8mm
20 17.6mm
16 14.4mm

As | had bought a 20T gear from Cowells,
| only had five of these gears to cut.

The cutting depth needed for these cutters
is 2.157 times the Module size, which in this
case means a cutting depth of 1.7256mm, or
68 thou. The pitch length needed for the
offsetting is simply Pi times the Module size,
which is 2.512mm or 100 thou.

Photograph 5 shows my daughter
cutting one of the gears, using the wheel
cutting engine and one of my
DivisionMaster controllers to take the pain
out of driving the dividing head. Most of
the gear cutting is straightforward;
however, as | intended to bore and keyway
the gears, the 16T gear is somewhat
problematic, as a 16T gear is so small that
there is almost no room to fit a 3 inch
bore and the keyway through it without
breaking into one of the tooth spaces. To
get around this, | made the 32T gear as
normal, and then machined a roughly 3
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am’n off the gear assembly.

inch length of bar stock down to 3 inch for
most of its length, with a ¥% inch wide
14.4mm diameter ‘gear blank’ at one end,
and a final 3% inch section at the very end
long enough to carry the 32T gear, plus
about 1mm (i.e., about 7.36mm long).
Photograph 6 shows this ‘blank’ being
machined. Before removing it from the
lathe, | drilled and reamed it ¥ inch.
Photograph 7 shows this blank with the
32T gear trial-fitted on the short % inch
section; photo 8 shows the 16 teeth being
cut, with the longer % inch diameter
length held in an ER16 collet chuck

NS

Checking the gear's ;’r on a bobbin. .
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attached to the dividing head. After
cutting, the 32T gear was Superglued in
place, and the 16T/32T cluster parted off
just behind the 16T gear (photo 9). The
overall length of this cluster matches the
length of the bobbins described in the
previous article and this cluster replaces
the bobbin on the first stud.

Cutting the keyways

This was the first time that | had used
the Hemmingway ‘Keyway Slotting
Attachment’ that | built in anticipation of

~i

The gear train from the end of the lathe.
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Cutting the 16 tooth gear.

this need, described in my article in MEW
issue 196 and | have to say, it works very
well indeed. Photograph 10 shows one
of the larger aluminium gears having its
keyway cut. The cutter that | had fitted to
the slotter proved to be a tad undersized
to cut the %: inch keyway, despite it being
made from nominally 34z inch round bar,
so a little adjustment was necessary to
get the bobbin to fit properly, the keyway
can be widened ever so slightly just by
rotating the lathe spindle a tad and then
giving it another stroke with the slotter.
The gear is lightly gripped by the chuck
jaws; mostly | was relying on the gear
being pressed against the chuck body,
so the jaws are there to hold the gear in
position rather than for grip, so the gear
teeth don't suffer any damage.
Photograph 11 shows the 24T gear after
the keyway had been machined, with the
bobbin inserted to check for fit. The centre
bore of the 4 inch chuck is larger than the
0D of the gear, so | borrowed one of my
Taig chucks and held this in the 4 inch
chuck jaws, so it in turn could give support
to the gear while the keyway was cut.

The gear train fro the front of the lathe.
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All that was left to do was to fit the gears
to their respective bobbins, adjust the
studs for good but free meshing of the
gears, and test it out. Photograph 12
shows the gear cluster viewed from the
side. The bobbin on the leadscrew is the
same length as the stud bobbins (% inch)
so it is necessary to use a spacer to hold
the 64T gear firmly in position. This is just
a ¥ inch length of bar stock bored % inch
with an internal key slot. If you were going
to make the full set of change gears, an
easy alternative would be to use a spare
change gear as the spacer. Photograph 13
shows the cluster viewed from the
operator's position. You can see from this
photo that the 64T gear is slightly thinner
than the nominal % inch; when parting off
the blank | made it a shade too thin.
However, this doesn't matter at all, and in
some ways, is an advantage, as there is a
bit of daylight between it and the 56T gear.

Machine Tool Modification "

Parting comments

In operation, the gear train is surprisingly
quiet; | was fully prepared to find that
there was too much noise to leave the
train permanently engaged, but in practice,
it really isn't a problem. Engaging/

SUPPLIERS AND OTHER CONTACT DETAILS

Cowells Small Machine Tools, Tendring Road, Litle Bentley,
Colchester, Essex, CO7 85H, U.K.

Tel: 01206 251792 Fax: 01206 251792

Email: sales@cowells.com Web: http://www.cowells.com

disengaging the dog clutch is easy, and
the operation is nice and smooth. All in
all, a very satisfactory conclusion to what
has been a rewarding series of projects,
and which has resulted in a very usable
machine to add to the collection. B

Hemingway Kits, 126 Dunval Road, Bridgnerth, Shropshire, WV 16 4LZ, U.K.
Tel: 01746 767739
Email: info@hemingwaykits.com Web: http://hemingwaykits.com/

Arc Euro Trade Ltd, 10 Archdale Street, Syston, Leicester, LE7 TNA, U.K.
Tel: 0116 269 5693 Web: www.arceurotrade.co.uk
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Holding short ends
for cutting with a bandsaw

Brian Wood offers a woodworking solution to a metalworking problem.

How often do you go to the offcut

box for a short piece of bar which

is just right for the job in hand and
then struggle to find a safe way of
holding it for sawing to size?

he method described here is
I suggested as a better way of holding
offcuts and short ends of bar before

sawing without messing about with
clamps or unstable gripping in a vice.

| make no apology for lifting this idea
straight out of the woodworking world. It is
really an extension of the concept of a glue
chuck, which itself has been freely adopted
in the metal working world by using double
sided tape on faceplates to hold things like
washers for facing and shaping.

| now use a piece wood of whatever
shape is suitable to make a handle with
the end cut square. Onto that | glue the
clean end of the piece to be sawn using a
modern polyurethane adhesive (ref 1).
This glue has the added advantage of
foaming as it sets to enhance the gap
filling properties in the joint. When set
after a few hours at room temperature, it
will resist shear forces across the joint face
and washer thickness slices can be sawn
off with confidence.

| recommend the final cut is made into
the wood side of the glue joint, it leaves
the stick ready for use on the next job.
Glue and timber residue on the joint can
easily be turned off on the lathe.

‘! y % Wi
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The piece required and the residue remaining.

A typical joint all glued up; the swollen
appearance of the glue is from the
foaming action.

Joint strength is improved with gentle
heating; | leave things overnight, end
clamped if necessary, above the workshop
storage heater ready to cut the next day.

The joint is best arranged so that the bar
to be cut and the stick to which it will be
bonded have at least one common face to
support the joint from the forces
generated by the saw blade. The usual
requirement of having clean surfaces
applies. Sticks of oily wood like teak are
best avoided; | find soft wood is just fine.

Job support is enhanced with a piece of
angle iron and bits of sacrificial packing if
needed to resist the horizontal drag
loading from the saw blade. The blade is
allowed to cut into the rear upright of the
angle and the cut is stopped as soon as it
is obvious the sawn piece is free.

The method is really intended for use
on bars of 1.6 inches and above in
diameter, the smaller diameters are
probably better held in a bench vice and
cut with a hacksaw.

Sawing in progress, note the angle
iron support.

Photographs 1, 2 and 3 are respectively
of a glued joint after curing, a cut partway
through (note the angle iron support into
which the blade is cutting) and the 3mm
thick piece of the residue left over together
with the 12mm slice | needed. Photograph
4 is the joint face after separation.

The joint in this example needed a
hammer and chisel to separate the residue
from the handle. For this job | was cutting
a piece of 50mm diameter cast iron.
Despite a 1 inch dimple from a big drill on
the bonding face, there was still ample
strength in the joint. B

1. (Usual Disclaimer) Everbuild Gator
Glue. It claims to bond almost anything
to anything and comes in a clean, easy
to use squeezable pot with a nozzle
and sealing cap. It iz also waterproof
when set.

The joint after separation.
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ON SALE NOW!

Includes a free £10 discount code to spend at Modelfair.com

Edited by Phil Parker of Model Railway Express Magazine and Parkers Guide this 180 page special
celebrates every British railways diesel class locomotive issued with a TOPs number.

Available in WHSmith or order online at www.myhobbystore.com

1 VYW 3 .Y i 1) 4 > SHORT TRAINS FOR SPACE-STARVED MODELLERS

Modelling British Railways

DIESEL LOGOMOTIVES

Celebrating Model Brltlsh R ays Dlesel Class Locomotlves

MODELLING
OPTIONS

www.myhobbystore.co.uk www.mremag.com www.modelfair.com

ON SALE NOW!
Available from myhobbystore

Pre-order Online: www.myhobbystore.com/MBRDL
Pre-order by Phone: 0844 848 8822

(Phone lines open Mon-Fri 10am-4pm)

*Plus P&P. Please note that this front cover & contents are subject to changes. Available while stocks last. Subscribers will recaive an additional 5% saving if their subscription
detatls are comectly inked with thelr MyHobbyStore account.
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Machines and tools offered
M Clarke CMD 10 milling machine
£200. Alpine bench drill with geared
table, £60. Cross vice £20, all

buyer collects. T. 01843 821208
Ramsgate.

M Chester Craftaman 12 inch x 27
inch lathe, BGSC with three and
four-jaw chucks, fixed and travelling
steadies, faceplate, 2 axis DRO,
coolant and work light, £1,500.

T. 01507 339055

Louth, Lincolnshire.

B Drummond round bed lathe, seral
no. MCHA 3628 in poor condition
so free to a good home.

T. 01507 313201 Horncastle,
Lincolnshire.

M Dickson type 4 inch tool holders,
one off new to take No2 Morse
Taper, five of standard as new, one
off parting off blade holder with
blade, one off to take 1% inch tool
shank, £18 each or £130 for the lot.
T. 01235 847516 Abingdon.

W Warco XJ9512 mill/drill +
cabinet, £375. MES plough
grinder £250.

T. 01273 461501
Brighton.

B Axminster Sieg X1 micro mill,

240 x 145mm table, 2 Morse taper,

M10 drawbar, PWM 150 Watt
motor, 8mm Tee slots, £160.
T. 01642 886980
Stockton-on-Tees.

B Peatol micro lathe 2% inch
centre height x 9 inch between
centres with motor on steel bass,
10 speed, vertical slide, collets,
tooling, hardly used, £240.

T. 01789 778174

Alcester, Warks.

m Myford MLY screwcutting
lathe with clutch, Myford deep
tray raising blocks on steel stand,
four way tool post, vertical slide,
machine vice, little used, £850.

T. 01227 361909

Herne Bay.

Models offered

B Raised portable track,

5 inch gauge x 90 feet long,
with all accessories, £750.

Passenger carrying bogie trolley

for 5 inch gauge raised track,
£450. Driving trolley, 5 inch
gauge, £60. Super Simplex
5 inch gauge 0-8-2T, £3,600.
T. 01323 873706

Seaford, East Sussex.

B Hewson LNER tender
spring helper brackets, set
of 12 fettled and drilled 3%
for rivets, £30.

T. 01428 713039
Guildford.

B V4 size model of Sturges
and Towlson 90 degree

reversing marine steam engine,
1% inch bore x 1% inch stroke,

an exact copy of a surviving
launch engine, includes
pattern set, £2,100.

T. 01536 725299
Kettering.

Miscellaneous offered

M Thread restoration files by
Pickavant, I. UN 12 to 28, |.

S.11 1o 28, all as new, £5 each.
Benzon 12 inch trammels with

12 inch extension, boxed as new,
£20. Jones and Shipman three
head knurling tool, £5. Brookway
measuring gaugs, £5. All + P&P.
T. 01235 847516 Abingdon.

Books and

magazines offered

W Model Engineers’ Workshop Nos.
1 to 70 with pull-outs, £100. Mode/
Steam Locomotive Construction
and Model Locomotive Boiler
Construction by Martin Evans,

£5 each. Engineers’ Machinery
Handbook, 1000 + pages, £10.
Model Engineers’ Workshop Nos. 6,
101, 129, 144, 166, 168, Nos. 150
to 159, £1.25 each. Model Engineer,
17 copies between 2003 and 2008,
£1 each. The Home Shop Machinist,
1998 to 2003, 15 sets, 87 copies,
£70. All items + P&P.

T. 01235 847516 Abingdon.

SEE MORE ITEMS FOR SALE AND WANTED ON OUR WEBSITE www.model-engineer.co.uk/classifieds/
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. 11306VVar|abIe Speed Lathe

* Now with 38mm spindle bore

NEW ADDITIONTO PRODUCT RANGE

* 2 Axis DRO available

PRODUCT RANGE

41130 GV Lathe
= 280mm swing
1.+ 700mm be
W' « Power cross feed
* Spindle bore 38mm

« Fully equipped
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VISIT OUR WEBSITE FOR FULL

“www.toolco.co.uk]

<« VARIABLE SPEED MILLS  Upnit 4, Ebley Industrial Park,

VM30 x IMT Westward Road, Stroud, Glos GLS 45P
mf::‘vTi";am (Just 4 miles from Junct 13 M5 Motorway)
700mm Table Tel: 01452 770550

VM32 x 3MT Email: sales@toolco.co.uk

840mm Table

i# » Optional 2 Axis DRO
__ available

View our full range of machines and
equipment at our Stroud Showroom

Phone for opening times before travelling

i TAPS & DIES

f: Excefent Quality manufactured-supplied
a B o
-‘-

Bnush—bcoc HQS taps dies cuts stainless
MES(33pcs) ME4 (30pcs) BA3(350¢s) has
all Model Eng 32+40tpi BA, BSB, MTP etc
THE TAP & DIE CO
445 West Green Rd, London N15 3PL
Tal: 020 8388 1865 Fax 020 88384613

H-HACHINE—

o Undﬁ Furge Wiy JCfeueIantiTradirs; Estalz
Damnglor Co, Dufham DLY 2R

Metalsﬁor Model Makers
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m-mtamm

i
From Only £1420.00 incar |
Tei: (01269) 844744 or

Order Online
www.routoutcnccom

NEIL GRIFFIN
- St.Albans, Hertfordshire
Engineering Services
Machining for Model Engineers

From drawing, sketch, pattern etc

Cantaclusfunt:apper Brass, Aluminium,

“—7Steel Phiysp;gr Bronze, et, Friendly personal service.

PHONE & FAX 01225 381300 Telephone / Fax: 01727 752865
‘e-mail: sales@m-machine.co.uk Mobile: 07966 195910
wWikw.m-machine-metals.co.uk

Macc
\ Model
Engineers
Supplies LTD
01614 082938
www.maccmodels.co.uk

Check out the NEW look website.

We stock copper, brass, stesl
and ali tube, Also stock a wide
renage of flat, round, hex and
square , In steel, stalnless stesl
sliver steel, bronze, brass, copper
and many more

New Steam Engine Kits,
ready made engines and
ready to run engines

Full range of Steam
fittings and some new

marine boilers.
Wide range of BA bolts and nuts

THINKING OF SELLING YOUR LATHE
MILL OR COMPLETE WORKSHOP?
and want it handled in & quick,
professional no fuss manner? Contact
David Anchell, Quillstar (Homnyham)

msmsm 7773432060

MODEL ENGINEERS’

WOR Wbl-lm' 3

BINDER -

£8.

(all today for yours... 0'844 3488822 o
or visit our website and Order online... ]

www.myhobbystore.co.uk/MEWBinder

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 online stocklist plus detals of services available please
go to my website or contact David Anchell direct,

www.quillstar.co.uk
Telephone: 0115 9206123 ¢ Mobile; 07779432060

THE TOOL BOX

Quality used hand & light machine tools for all crafts.

We provide a comprehensive back-issue service for MODEL ENGINEER,
Engincering in Miniature and MODEL ENGINEER'S WORKSHOP.
We dan' pubiish fists, but if there's something you need, get in touch
or visit our web site. We are always keen to purchase good equipment and
craft-related books.
www.thetoolbox.org.uk  info@thetoolbox.org.uk
Cpen 9-1, 2-5 Mon-Fri, 9-5 Saturdays throughout the year
Colyton, East Devon EX24 6LU  Tel/fax 01297 552868
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Al advertisements wil be inserted in the first available issue.
There are no for {lati Al i must be pre-paid.
The Business Advertisements (Disclosure) Order 1977 - Requires all advertsements
by people who ssll goods in the course of business fo make that fact clear
Consequently all trade ads in Model Engineers’ Wowkshop carry this ‘T symbal

r 1 ¥
LYNX MODELWORKS LTD.
Units 54, 6C & 6D Golf Ruad Industrial Estate,
Entérprise Road, Mablethorpe, Lincs. LN12 1NB
Tel/ Fax : 01507-479666
Website: www.lynxmodelwarks.co.uk

www.livesteamkits.com
Email: info@lynxmodelworks.co.uk

WORKING SCALE MODELS AND
SPECIALIST SERVICES

Lynx Model Works Ltd — 11 Specialist Engineers building Live Steam
Models with 2 of us having over 70 years experience. We not only build
beautiful Working Live Steam Locomotives from gauge 0 to 10 4",
Traction Engines from %" to 6" Scale, Stationary Steam and Steam
Launch Engines but will also complete your unfinished project for you
or renovate the one you've just bought, inherited or simply wish o
rejuvenate in our Lynx Model Restorations Ltd division,

Lynx Model Painting and Machining Services Ltd will help you by
manufacturing Spacialist parts to assist you complete your current or
planned project. We also will give your cherished mode! that professional
painted and lined finis1 to truly complete your project.

Lynx Mode! Boilers Lid sells a range of Fully Certificated and EC Compliant
all silver soldered Copper Bailers, even for up to 10 }4" gaugs locomotives.

We are also Agents for Stuart Models and build the ones that Stuart don't!

Live Steam Kits Ltd manufactures a range of fully machined locomotive
Self Assembly Kits in 5" and 7 14" Gauges.

Visit our Websites: "
www.lynxmodelworks.co.uk www.livesteamkits.com
or contact us today with your requirements for a no-obligation quote

or discussion.

TEL: 01507-479666

ALL MAJOR CREDIT AND DEBIT CARDS ACCEPTED

PR Joluldoluld »
3Axis CNCKit

Whalhiar you ane building your own CNC Machinai
converting an existing meching of you have smply
bought a8 kit, we can nelp | The Routout CNC software
s Stspper Motor Drivens wil snsbis you to control your
s adkdiion ko the workshap from your PG wilh ease.

% Three 25 Amp Microstepping
Btapper Motar Drive Boards
Easy LPT Breakout Board

T Free Routout - Linux EMC CD

(O add mach JENC for £111.55)

We'can sl prrovide higher

pier Stepper Malor Divers,
Only £91 incvar B Se Aifics
| Tel: (0M1256) BAATA4 or Broosparsfom = Hle ss

| Orear Qniimn cam 5555

CONWERTERS

STATIC CONVERTERS,
ROTARY CONVERTERS, DIGITAL
INVERTERS, MOTORS, INVERTER-
MOTOR PACKAGES, CAPACITORS.
INVERTER PRICES FROM £99 + VAT
Call: 0800 035 2027

transwave@powercapacitors.co.uk

www.transwaveconverters.co.uk

CONVERTERS MADE IN BRITAIN SINCE 1984;
3-YEAR WARRANTY ON ALL CONVERTER
PRODUCTS; BS EN 0001:2008 QUALITY

ASSURED MANUFACTURING ENVIRDNMENT;

CE MARKED PRODUCTS COMPLIANT WITH
EMEC REGLULATIONS, THE LOW VOLIAGE
DIRECTIVE and BS EN IS0 61000-3-2:2006:

MPC

| Metal Procurement Company
Stockists of Carbon, Alloy, Tool, Duplex
and Stainless Steels, Metals & Plastics
Dia, Sg, Hex, Flats, Sections, Sheet & Blocks.
From 1mm - 250 mm Section, cutlo size.
We also buy unwanted toois & machinery
Unit1. 4, Lyme Street, Rotherham S60 1EH

www.metalsprocurement.co.uk
Tel: 01709 306127 Fax: 01709 306128

Wiw.model-engineer.co.uk

Cowells Small Machine Tool Ltd.

Cavealls Soall Marhin Toels Lid,
Teaddring Houd Little Buesey, Cokchester 007 §5H Easnx Englaad
T Fax +44(0]1206 251 792 el salesivowells.com

www,cowells.com
Manufactures of high precision serewcutting lathes,
Bmm horological collet lathes and

milling machines, plus comprehensive oecessory range.
Talk directly to the manufacturer

hesitate to telephone me-

ALL STEAM LOCOS WANTED

Any age, size or condition - any distance, any time.
FREE VALUATIONS - with no obligation
i, VALUATIONS FOR INSURANCE

8 TRACTION ENGINES BOUGHT - (Minnie, Allchin etc.
ALL PART BUILT MODELS WANTED.

®  CASH PAYMENTS - 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

Graham Jones M.Sc. 0121 358 4320
www.antiquesteam.com

Model Engineers’ Workshop
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_. Alaa lk
L] L
making things possible '

Remap helps people
with disabilities to
achieve greater
independence and
enjoyment of life’s
opportunities.

Our volunteers provide
a free service making
special one-off pieces
of equipment.




TVE:
& remote switch
240 volis

“x Genuine Used Machines'& looling

144 Maidstone Road, Foots Cray, Sidcup, Kent DA14 SHS
Telephone: 0208 300 9070 - Ev enings: 01959 532199 - Facsimile: 0208 309 6311
www.homeandworkshop.co.uk ¢ stevehwm@btopenworld.com

Opening Times: Monday-Friday 9am-5.30pm - Saturday Morning 9am-1pm

10 minutes fmm M25 - Junction 3 and South C m.ular A205

Running out fast!!
check the web site for !uﬂ ist

) "I. 4 .l . :; : = 2ty 5" ' .. :

. ) L iplap foll grinder- ""”""51 [~ . ] _ : £2950

p Nemer +Radlop rodivs attachment § s _ e
{H)millg | e I —_l h}:ﬁlz
;&Inmng 1N . - 1w \ T SBufing " R - _ ¥ L

wheels @) : H : grinder

~ Myford Super 78
£2750 3% x 31"
. Mrare.lpng hed

Supermax
50"x 9"

Kitchen = |
and Wude ANT drill

Colchester Triumpli D16 12 s
independent 4 jow chuck

SPECIAL

From £425 10 £300 .
hile stocks last!

Myford 254+ long bed
on stand (equipped)
+speed control

—— EMOD
Marddn Rushworth 50" x

1 Genesis
Plus V1.7, 510
ﬂ EF 275
- strew

(ompressor
1T 275 Vibar

"’!'{ L 'i{irindull

/ - precision l- 4 = > N : Ta | w o0 ‘& o Iiumson g e
- v grinding e 23 &S urbor press i e y vertical ¥ St
- _‘T’-'é‘ attachmentff = 4 : Tﬂ”xﬁ throat [ r - & mill = SMISﬂ Imn;?nl
i X L —

SHIPPING
WORLDWIDE
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(MODEL B SUPER 3

(DB10 SUPER
LATHE

z
m
2

[CONQUEST LATHE )

IMPERIAL ONLY
325mm Bety

Change Tealpost

Quick €

wveen Cantres VarlalileS Speed

Was: EEZ4.80

 NOW £499.00 4

“Ine Downleed
Electronic Variahle
speed Tilling Column

Was: E526.80

NOW £330.00

Swing: Powered Crossfeed 1B0mm Swing 3 faw Chuel

420mm Digital Speed Latha Taols

Between Centres: Readout

520mm "

Spindle Bore: Between Centress

20mm 550mm

Spindle Swing Over Bed:

MT3 250mm

Shown with Optional Stand 5p|l‘|d1Ei

Was: ENS8.80 MT3 Was: ESE2.80
(NOW £898.00 L E£1225.00 inc vat + Delivery » . NOW £399.00 »
o Y 4 N[ ™

CONQUEST SUPER COBRA MILL CENTURY MILL

IMPERIAL AND METRIC IMPERIAL AND METRIC P

LATHE IMPERIAL ONLY _ 10miim Drilling Capacity 20mm Drilllng Capacity

125mm Batwezn Cehlres [Oigital Measurament on 2400 % 145mm Takle 600 %180 Table

180mn Crass siide & Top slide T2 Spindle 50-30000pm

E. Jawum.n & Lathe Tools 1150w Matar MT3 Spindle

A\

Also Available
Drawbar

Tilting Head
Varnable Speed
Drill Chuck & Arbor

Shawn With Dptional Stand
Was: E1205.80

NOW £1045.20 - =%

Power Feed

Fa N
CHAMPION 16VS MILL

160 x 280 x 200mm Travel

500 ¥ 140mm Table

MT2 Spindle

GO0wW Malot

Drawhar

Tilting Head

Variable Speed

Drill Chuck & Arbor

Shawn With Qiptianal Stand

Was: E874.80

L NOW £660.00

DB8GVS LATHE

A00mm Betwesn Centres
210mm Swing

MT3 Spindle

Talw Motor

Digital Speed Readout
Jand 4 jaw Chucks
Fixed & Travelling Sleades
Shown With Optional Stand

Was: ENg8.80

. NOW £959.0

J

| NOW £20

570mm Betwesn Centres

300mm SWing A g 5 =
Jamm Spindle Sore .?__-] ik _l. .
1.5Hp Motor [ . =%
Back Gear
Powerad Crossleed
4 Jaw Chuck

Stand Included

Was: E2E14B80

[CHAMPION EDVS MILL )

20y Drilling Capacicy
« 180mm Table
Spindle

00rpm

H/L Gear
Variahle Speed
Head Tilts Laft to Right

Quill Feed & Dighal Measureniant
Showin With Optiona! Stand

‘Was: E1078.80

L NOW £816.00 3

(626 TURRET
MILL

20mm Drilling Capacity
6" x 26" Table

150 - 2100rpm

MT3 / R8 Spindle
Drawbar

Workdight

Shown with optional
Powerfeed Also Available
Stand Included with Power
was: e20za80 Feed and DRO

L NOW £1554.00 - ==8

L NOW £2754.00 y

CRUSADER DELUXE
LATHE - e

310mm Benween Centres
I8mim &
3I_1C-rnm

Quick C
4 faw Chuck, ‘;!ar-ll ]|||'|\|:‘JF+\|

Was: E3478.80

-
OVERSEAS CUSTOMERS |

CAN NOW PLACE
ORDERS & PAY
ONLINE

(| NF "
MERCURY MILL
Almm Drilling Capacity Dont forgEt'
il g We also supply a large
MT4 Spindle range of machine tooling
Dravibar and accessories.
L1:)C<II1E|rFERLCIﬁn‘|:\
Drll Chisck & Arbar
Stand [nclucled
GIFT VOUCHERS ALSO
Was: £E4424.20
NOW £2350.00 AVAILABLE
. 7 >

. All prices shown are inclusive of VAT.

Delivery charges apply. please contact us for more information, or visit our website



