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Pro Machine Tools Ltd

Precision Machines Made in Germany
“For the discerning engineer”

# Longitudinal X-axis 600 mm

— 5 YEAR WARRANTY

Centre distance 350 mm
Centre height 110 mm
Power 1,4 kW, 230 \, 50 Hz

500 mm
Centre height 110 mm
Power 1,4 kW, 230 V, 50 Hz S e —
Spindle speed infinitely variable ;y y
45 - 2300 r.p.m. | Yo

Feed infinitely variable O - 250 mm/min

Transverse Y-axis 140 mm
Vertical Z-axis 280 mm
Power 1,4 kW, 230V, 50 Hz
Spindle speed infinitely variable

.........
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| [Power

| |45 - 2300 r.p.m.

180 - 3000 r.p.m.

On ALL Wabeco Machines

D6000E High Speed

Centre distance 350 mm
Centre height 100 mm
1,4 kW, 230 V, 50 Hz
Spindle speed infinitely variable !

Feed 0,085 and 0,16 mm

CC-D6000 E with safety
machine cabin and integrated
coolant unit, ball screws ,
automatic 8-station taol
changer and base cabinet

600 mm
135 mm

Centre distance
Centre height

Power 2,0 kW, 2301V, 50 Hz
Spindle speed infinitely variable
wabeco 100 - 5000 r.p.m.
CNC machine tools Feed 0,085 and 0,16 mm
are offered with a variety
of CNC control and

“ These lathes are incredibly quiet
and the speed adjustment is excel-
lent; no pulleys or belts to worry
about. “

software systems, and
can still be used as
manual machines.

Wabeco produce precision made machines by rigorous
quality control and accuracy testing. All lathes and mills
are backed by an extensive range of tools and accessories.
Wabeco machines are quality rather than eastern quantity.
See our web site for details

sVWARELO e

Barnack

Stamford

Lincolnshire

PEg 3DW

Tel: (01780) 740056

Fax: (01780) 740957
Sales@emcomachinetools.co.uk

Pro Machine Tools Ltd

17 Station Road Business Park
Hobbymaschinen

www.emcomachinetools.co.uk
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Chrecycle

Paper supplied from wood grown in
forests managed in a sustainable way.

ON THE EDITOR’S BENCH

Dave Clark's commentary.

WORKING WITH THE FACEPLATE

Harold Hall shows us how to use
the faceplate.

SHEET METAL FOLDER
Jayne Reeve does a bit more
welding.

FIRST STEPS IN 3D DESIGN
Linton Wedlock continues his
series on basic 3D design.

THE WARGO WM18
MILLING MACHINE
Dave Fenner reviews this new
machine from Warco.

AN INTRODUCTION TO MILLING
Donald Brymer looks at
compound dividing.

A DIVIDING HEAD

FOR THE MINI-LATHE

Dave Fenner makes another useful
attachment for the C3 lathe.

GHOOSING AND ASSESSING
A MILLING MACHINE

Dave Fenner looks at the
secondhand mill market.

THE STEPPERHEAD

MULTI-MODE MACHINE

Alan Jackson describes his

gold medal winning lathe. This motorcycle seen ata
vintage rally at John O'Groats

CLARKSON TOOL is an Indian model 7418

AND CUTTER GRINDER motorcycle from 1941, It

Mike Haughton concludes his look is a 500cc Veee twin with 3

at this versatile cutter grinder. speed gears as supplied by
the USA to the British ammed

TRADE COUNTER forces during WW2.

Photo by David Clark

VISIT OUR MEW WERSITE

SCRIBE A LINE

Subscribe today
and get a FREE
digital calliper wxony

See page 8
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gand

probably the best website for machines and tooling in the model engineering world!

just a selection from our current stock

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

Techsoft TS30 GNG Jones & Shipman 4" Swivel Bison Four jaw Harrison 9" L5 Gap Bed Viceroy double Stuart Turner

Bench Engraver, Machine Vice, £120.00 Inde pendent D1-3 Lathe, 3ph, £675.00 Ended Buffer, 3ph, Major Beam Engine,
1ph, Software Etc, plus vat. Cam lock 8" Chuck, plus vat. £225.00 £2750.00
£1500.00 plus vat. £150.00 plus vat. plus vat. plus vat.

® Telephone enquiries welcome on any item of stock. ®* We hold thousands of items not listed above.
® A1l items are subject to availability. ® All prices are subject to carriage and VAT @ 15%.
® We can deliver to all parts of the UK and deliver worldwide.
* Over 1,000 square feet of tools, machines and workshop equipment.

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

VISA Opening times: 9am - lpm & 2pm - 5pm Monday to Friday.
e Closed Saturdays,

e-mail: sales@gandmtools.co.uk 1 ;
Telephone: 01903 892510 except by appointment.

web: www. gandmtos.co.uk
fax: 01903 892221

The Diamond Tool Holder

Designed and manufactured in Australia since 1985, the Diamond Lathe Tool
Holder is unique in that it holds any standard piece of %" square or round

High Speed Steel at a tangential angle to
the work piece.

Versatile and easy to use

Simple resharpening

* Roughing and
finishing cuts

e Square shoulder facing
Due to its design, all the

clearance angles for general purpose cutting are
pre set; only the top face is sharpened. This is simple to
achieve on any bench grinder using the grinding jig that comes
with each tool.

¢ Round nose work
(using round HSS)

s Point radius

* No special cutting Four sizes are available, from mini lathes up to full size tool room
tips needed lathes. All holders come complete with grinding
jig, hex key, one square HSS tool blank and detailed

*+ 550 & 60° Thread cutting instructions.
(using same jig)

For more information and ordering, visit our website at

* Tool bits easy to replace eccentricengineering.com.au Grinding Jig




Arc Euro Trade

Unbeatable Value Engineering Products by Mail Order
Big Savings on SIEG KX1 and KX3 CNC Mill Bundles

Buy a SIEG KX1 CNC Mill and get a full Buy a SIEG KX3 CNC Mill and get a full
Mach3 license and an ER20 Collet Chuck Mach3 license and an ER25 Collet Chuck
and 8 Collets* FREE (worth £221.00) and 6 Collets* FREE (worth £208.50)

Phone to check availability Phone to check availability

Now with NEW |

5000rpm spindle |
motor ,
* Included are: 2, 3, 4, 5, 6, 7, 8 and 10mm ER20 collets + C spanner * Included are: 4, 6, 8, 10, 12 and 16mm ER25 collets + C spanner ‘
The new SIEG KX1 and KX3 CNC Mills are full 3 axis |Specifications: KX1 KX3
stepper motor driven milling machines for direct End Milling Capacity 10mm 25mm
connection to a PC running the popular Windows | Face Milling Capacity 2 B0
based Mach3 CNC control software. Drilling Capacity 10mm 20mm
Effective Table Size 400x145mm 470x160mm
Features Lubrication Press Button Oilers | One-Shot Oil System
+ Precision Ballscrews Table travel - X axis 260mm 295mm
« Direct Drive Hybrid Stepper Motors Table travel - Y axis 115mm 150mm
+ 3x Stepper Drivers for main axes (X,Y,2) Head travel - Z axis 185mm 275mm
« 1x Extra Stepper Driver for 4th Axis pre-wired with External Socket Ballscrew Size (Dia./Pitch) 12mm x 4mm 20mm x 4mm
» Closed Loop Brushless DC Spindle Motor X axis Motor 1.35Nm 4Nm
+ Variable Spindle Speed under Full CNC Control Y axis Motor 1.35Nm 4Nm
+ Toothed Belt Spindle Drive (No Gears) e T 2 2Nm 6Nm
+ Limit Switches and Homing on all 3 axes Thraal 140mm 190mm
* Fully Covered Bedways g No. of slots on table 3 (8mm) 3 (12mm)
« Emergency E-Stop Switch =
: 5 | E =y Positional Accuracy 0.01 0.01
» Chuck Guard Switch Spindle T T2 RS
+ UK based on-line support e e
Spindle Motor 500w Brushless DC | 1000w Brushless DC
— —— KX1 Carriage £60.00 Spindle $peed 250-7000rpmi 150-5000rpm
i KX3 Carriage £60.00 Max. Spindle Moter Torque 1.8Nm @ 1500RPM | 6Nm @ 1500RPM
o KX3 Stand Carriage £40.00 Power Requirement 230vAC 50Hz | 230v AC 50Hz
S KX3 + KX3 Stand Carriage £60.00 | | Overall Dimensions (w/d/h) 630x630x630mm | 850 x 900 x 940mm
! e einkand destnatiogey Max Space Required (w/d/h) | 910x 630x730mm | 1145%x900x940mm
Offer expires on 31st August 2008 | ["spipping Dimensions 760x760x790mm | 1020x1000x1120mm
f JiE = ljsctto avallabifs Weight (Net/Gross) 86/120kg 201/240kg
All Prices Include VAT Bundle Price £2,395.00 £3,495.00

Genuine SIEG KX1 and KX3 machines are only available in the UK from
Arc Euro Trade Ltd. Any other CNC machines sold by others in the UK using KX1 and KX3
model numbers are imitations or clones. Also, other CNC machines sold in the UK using
“KX" model numbering styles are not SIEG machines. Only genuine SIEG KX1 and KX3
machines will be supported by SIEG, Arc Euro Trade Ltd and the smallCNCsupport forum.

KX3 Stand
£221.00

Visit us on-line at: WWW.arceurotrade.co.uk to see the full range

Phone us on 0116 269 5693 for Catalogue No.6 For accessories, P&P is extra and based on order value: A_rc Euro Trade
10 Archdale Street, Syston, Leicester, LE7 1NA £0-£10 = £1.75, £10-£25 = £2.95, £25-£60 = £3.95, Over £60=Free E.& 0. E.




See us at:
LEAMINGTON SPA

ENGINEERING SHOW.
October 16th-20th

Engineering Supplies

All prices include
VAT and Carriage

Online Catalogue - www.chronos.ltd.uk

GLANZE SCLCR INDEXABLE LATHE TOOL
SETS C/W 7 CARBIDE CCMT INSERTS

THE
SHANK PRICE
6MM £ 82.00
MM £ 82.00
10MM £ 88.00
12MM £ 095.00
16MM £133.00

SET OF FIVE INDEXABLE LATHE

TOOLS I |
CODE  SHANK PRICE
xC72 114 £19.95
xCT3 5/16 £19.95
XC74 3/8 £19.95
XCTS 112 £26.95
XC76 5 X SPARE INSERTS 1/4 £10.00
Xcit 5 X SPARE INSERTS 5/16 £10.00
or ) 5X SPARE INSERTS 3/8 £10.00
XC79 5 X SPARE INSERTS 1/2 £10.00

GLANZE INDEXABLE BORING

TOOLS
CODE  SHANK FRICE
XC34  6MM £0.05 £17.50
XC35  8MM £19.05- £17.50
XC36  10MM £19.85 £18.50
XC37  12MM £22.05 £19.95
16MM  £24.85 £22.00

-

GLANZE DCMT INDEXABLE

LATHE TOOLS
INC THREADING TOOL, BORING TOOL & 2 TURNING
TOOLS

CODE SHANK PRICE

XG55 8MM £52.50

XC56  10MM £54.00

XC57  12MM £62.00

L el PR _
o xcss  insert £ 4.00 °

INDIVIDUAL GLANZE THREADING
TOOLS 60' METRIC
COMPLETE WITH ONE THREE SIDED CABIDE
INSERT & TORX KEY

CODE TYPE PRICE
722100 INTERNAL 10MM SQ £24.00
722210 INTERNAL 12MM SQ £24.00
SIR0016 INTERNAL 16MM SQ £28.95
775100 EXTERNAL 10MM SQ £24.00
775118 EXTERNAL 12MM SQ £24.00
SER16K16 EXTERNAL 16MM SQ £28.95
INSERTS
1116160 INTFOR 10 & 12MM TOOLS £ 7.25
1116A60S  SET OF 10 ABOVE £69.50
1616A60  INT FOR 16MM TOOLS £ 7.25
161RA60S SET OF 10 ABOVE £69.50
11ERIA60  EXT FOR 10 & 12MM TOOLS £ 7.25
11ERIAG0S SET OF 10 ABOVE £69.50
AGERAA60 EXT FOR 16MM TOOLS 2 T.25
16ERAAG0S SET OF 10 ABOVE £69.50
Uil VA =y
?

e =y m—a— ——I'

SET OF 8

i o

TOOLS

CODE SHANK PRICE

XC83 EMM £16.00- £14.50
Xca4 MM £1200 £15.00
XC85 10MM £15.50
XC86 12MM £1005 £16.50
Xcar 16MM £26.05 £22.00

GLANZE INDEXABLE LH TURNING_

GLANZE INDEXABLE RH TURNING TOOLS

CODE
XIC43

SHANK
6MM

PRICE
£i16.06

£14.50

XC44 8MM Fiz06 £15.00
XC45 10MM £1706- £15.50
XC46 12MM

M £16.50

XG4T 16MM £22.00

GLANZE INDEXABLE PROFILING TOOLS

CODE SHANK

XC39 BMM £16:95 £14.00
XC40 MM £4795 £15.00
Xc41 10MM £16.00

12MM £19.00

NEW - GLANZE CLAMP

" | TYPE INDEXABLE PARTING TOOLS!

Complete with special grade aluminia
coated insert - for a superior finish!

-

CODE SHANK PRICE
CGGO81 8MM £24.95
CGG101 10MM £29.95
ceai21 12MM £32.00
CGG122 16MM £34.00
CGG120 20MM £34.00
CGGSP INSERT FOR8,10,12& 16MM £ 4.25
CGGSP20 INSERT FOR 20MM £ 4.25

- o

CODE SHANK

GX67 10 X 10MM
GX68 12 X 12MM
GX69 16 X 16MM
GX70 20 X 20MM

GX71 SPARE INSERT FOR 10, 12 & 16MM
SPARE INSERT FOR 20MM
-

NEW - GLANZE INDEXABLE PARTING TOOLS!

Complete with special grade aluminia coated
insert — for a superior finish!

PRIGE

£25.95
£26.95
£28.95
£32.95
£ 425
£ 425

ALL PRICES INCLUDE VAT & CARRIAGE (UK MAINLAND)

{Prices are correct at time of going to press and are only available while stocks last)

GLANZE HSS
LATHE TOOLS

| |

SHANK

NEW BRAZED CARBIDE
THREADING & BORING LATHE
TOOLSETS
INCLUDES 55 & 60 DEGREE INTERNAL |8
& EXTERNAL THREADING, A BORING §
TOOL & A LH FACING TOOL

NEW PROFESSIONAL PARTING
SYSTEM

FOR UP TO 41/2 CENTRE LATHES

- THE SHANK IS ON THE SIDE AND

IS 1/2 THICK. SUPPLIED WITH A

HSS BLADE 4MM THICK, 24MM

WIDE & 150MM LONG

CODE
GXB88
GX89

ITEM
HOLDER & BLADE
SPARE BLADE

Tel: (01582) 471900 5 Lines Fax:(01582) 471920 Web: www.chronos.ltd.uk Email: sales@chronos.ltd.ulk

CHRONOSLTD,

UNIT 14 DUKEMINSTER ESTATE , CHURCH STREET , DUNSTABLE , LU5 4HU



NEAR M4/MS
INTERCHANGE

FREE
5 MILES FROM M5

JUNCTIONS 14 OR 16 P ARK I N 6

THE LEISURE CENTRE
THORNBURY
NEAR BRISTOL - BS35 38

AUGUST 21°", 22"° & 23*° 2009

FRI 10am - 6Pm SAT 10am - 5sm  SUN 10am - 4pm

BRISTOL MODEL ENGINEERING
AND HOBBIES EXHIBITION

SPECIAL CENTENARY SHOW

ADULT £5.00 SENIOR £7.50 JUNIOR £3.50 FAMILY £18.50 (2+3)
3 DAY AND ADVANCE TICKETS ALSO AVAILABLE—SEE BELOW

, FOR FURTHER INFORMATION PLEASE

VISIT OUR WEBSITE:
www.bristolmodelengineers.co.uk
OR GALL 0117 967 5878
ALL ATTRACTIONS CORRECT AT TIME OF GOING T0 PRESS, BUTMAY ||  [A5S OF BRETOL ||
BE SUBJECT TO CHANGE OR CANCELLATION N —4

ORGANISED BY THE BRISTOL SOCIETY OF MODEL & EXPERIMENTAL ENGINEERS
REGISTERED CHARITY NO. 1094274

Rudy Kouhoupt -

One-to-One TUITION
on your own TV!

YWhilst the picture quality of Rudy Kouhoupt's wonderful instructional films may
not always be to Hollywood standards, the quality of instruction really is
exceptional; with these films your instructor is there in the room with you.
Here is a selection some of the most popular titles: 7 ]

Fundamentals of Machine Lathe Operation
* NEW version * 95 mins » DVD = £29.31 e |
Mew, revised and extended version of THE video for the beginner @
to the lathe - there really is no better way to start learning how | ~200

to run a lathe. However, it is basic, so if you have some experience f———o
in lathe operation, don’t buy this video, buy the next but one. (P S

Fundamentals of Milling Machine Operation

* 120 mins « DVD » £29.31

Covers virtually all aspects of using a vertical, bench type, milling
machine in detail - great if you have just bought a mill! Includes
drawings and instructions for making a fly-cutter.

Advanced Aspects of Machine Lathe Operation
* 120 mins « DVD » £29.31

In this video Rudy continues the tuition process, demonstrating
rather more advanced details than contained in the video above,
specifically how to achieve a very high degree of accuracy while
boring, turning, facing, threading, milling or grinding on your lathe.

Advanced Aspects of Milling Machine Operation
* 120 mins * DVD = £29.31

Shows you methods by which your mill can be highly accurate in
every function. He also describes techniques that will expand the [ crinding

1 1 1 1 Lathe
usefulness of your mill and dramatically improve your skill levels. Lt

Grinding Lathe Tools Vﬂ

* 125 mins « DVD » £29.31

Here Rudy looks at all aspects of grinding lathe tools to
perfection. Really very good, and also includes plans for building a
simple, but effective, grinding table. In the main covers tools used
in European type (ie horizontal) tool holders.

6 Projects for the Shaper

* 165 mins « DVD « £29.31

Make a tapered soft jaw for your vise or a pair of V-blocks, Cut
dovetail slides, external or internal keyseats and learn how to
index and cut spur gears. Drawings, charts & etc. included

Using Layout Tools

* 100 mins * DVD = £29.31

Covered are the use of all the layout tools you are likely to
encounter, with the function of each demonstrated. Plus Rudy has
a detailed look at mechanical drawings and how to interpret them.

Building a Small Steam Engine

¢+ 220 mins * Double disc set * £34.27

Full plans, and instructions on your screen, for building a simple,
small horizontal ‘mill’ type engine. An ideal beginner's project -
Rudy makes his on a Sherline lathe and mill, so this is a engine that
can be made on a Unimat, Taig or similar lathe.

Building a Stirling Hot Air Engine
* 220 mins * Double disc set * £34.27 |
Again, full plans and building instructions on your screen for build-
ing a horizontal Stirling engine. For the beginner this is an
excellent follow-up’ to Rudy’s small steam engine as, by its design,
a hot air engine offers more in the way of challenges, not to men-
tion hours of fun both building the engine, and running it!

PIONEER a Non-compression Internal
Combustion Engine *230 mins ¢« Double disc set * £34.27

Pioneer is a dynamic 2-stroke cycle, open frame engine with poppet valves. The
cams, valves, con rod and all moving parts are visible - no gears! And, as with the
steam and hot air engines, no castings are required. Spark plug ignition. 12
sheets of plans, and building instructions up there on your screen.

| was so impressed with this engine that as soon as | finished watching the second
DVD, | went on to Ebay to order some aluminium to start construction. ...... | rang the
local timber yard up to get some Ash to make the wood framework to mount the
engine on. ..... As you have probably realised, I quite like the look of this little engine’.
David Clark - Editor ‘Model Engineers' Workshop' Issue No. 149 April 2009

Prices shown INCLUDE U.K. Post & Packing (overseas customers pledse alfow 10% extra or delivery)

MAIL ORDER (no stamp required in the U.K.) to:-
CAMDEN MINIATURE STEAM SERVICES

FREEPOST (BA 1502) Rode Frome Somerset BA11 6UB
g 08 Tel: 01373-830151  Fax: 01373-830516
n Secure on-line ordering: www.camdenmin.co.uk
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FREE

DIGIT AL

DIGITAL CALIPER
OPERATING INSTRUCTION

* UK Only

DIGITAL CALPER-100mm

* Worth £24.99
* Quality stainless steel frame
* LCD 4 way measurement L
* 0.01mm graduation

* True mm/inch conversion
* Locking screw

»
e X

i

@) BY PHONE: 08456 777 807 quote ref. SG15 ()

ONLINE: www.model-engineer.co.uk/subscribe

Alternatively, you can complete the form below and return, with payment, to the address provided.

UK ONLY SUBSCRIPTIONS:

I would like to subscribe to Model Engineer Workshop for 1 year
(13 issues) with a one-off payment of £44.50

OVERSEAS SUBSCRIPTIONS:
| would like to subscribe to Model Engineer Workshop for 1 year (13 issues)
with a one-off payment: ~ Europe (incl Eire) £50.40  ROW Airmail £52.80

For all Canadian, North and South American subscriptions please cal 001 732 424 7811 or go to www.ewarmags.com

PAYMENT DETAILS:

Postal Order/Cheque ~ Visa/Mastercard =~ Maestro
Please make cheques payable to MyHobbyStore Ltd and write code SG15 on the back
L= L T 3 e e S R R ey T et
Card no: (Maestro)
Valid from...............co.e.... EXpiry date.................. MBESIPO IBBUB MO ... ...ooccccovocncrcorncaneonoe
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Mr/Mrs/Miss/Ms...... Initiall
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EMail oo s o 0 - ORI

DIRECT DEBIT SUBSCRIPTIONS (UK ONLY): CODE SG15

I would like to subscribe to Model Engineer Workshop paying
£42.00 for 12 months by Direct Debit
Please complete form below BmﬁEST S

Instructions to your bank or building society to pay by Direct Debit. G)B'EE‘;T
Originator's reference 422562

N O DI e o Sl
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Instructions to your bank or building society: Please pay MyHobbyStore Ltd.

Direct Debits from the account detailed in this instruction subject to the safeguards assured by the
Direct Debit Guarantee. | understand that this instruction may remain with MyHobbyStore Ltd and if so,
details will be passed electronically to my bank/building society.

Reference Number (Official use only)

Please note that banks and building societies may not accept Direct Debit instructions from some types of account.

TEAMS & CONDITIONS: Offer ends 7h August 2008 Subscriptions will begin with the first avadlable issue. Please continue to buy
your rmagazine utl you receive your ackmowledgement letter. Refund requests must be in writing to the Publisher and wall not
be given on accounts with less than £20 credit. A £5 admin charge will apply and will be deducted from any refund. Refunds will
only be given at the Publisher's sole discreion. We wil use the contact deails supplied fo commuricate with you regarding your
Madal E Wierkehiap subseption. By supphing wolr arnall [ address [ telephion [ mobile nUrBE Wol a6 Rapiy 15 fecsve
information andfor products and senvices via email | telephone [ post from of in association with MyHoblyStore Lid or its agernts.
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«offers from us * andjor third partes

SEND TO: MODEL ENGINEER WORKSHOP SUBSCRIPTIONS, TOWER
HOUSE, SOVEREIGN PARK, MARKET HARBOROUGH, LEICS LE16 9EF




La
| have always been lazy from the point of
view that | will find the easiest way to do
something. Often the easiest way is not to
do it at all if it does not have to be done.

| enjoy going out into the workshop -
once | get there. Actually getting up and
going out and switching the machine on is
the hardest bit. It has taken me about two
years to fit a digital readout and an
inverter to my Tom Senior mill. It now
works and is a pleasure to use. It is well
equipped with vice, rotary table and
dividing head, in fact everything | need to
turn out work quickly and easily.

| actually went out and made a baseplate
for an oscillating engine that is going to be
featured in a future Best of Model
Engineer Special.

Newish Myford
After taking delivery of a turquoise Myford
at the end of May, | have decided to get
that up and running much quicker than the
mill. | purchased some cheap oilcans from
EBay and labelled them up for spindle
oil, gearbox oil (the new Myford has a
gearbox) and slideway oil. | also filled the
Myford pump oil gun with spindle oil for
the rear headstock nipple and the saddle
nipples etc. A good oil around and the
lathe was ready to go.

| transferred the front and rear quick
change tool post from the older Myford to
the newer one. These are genuine Myford
ones and are made to a much higher
accuracy than the cheap ones available on
EBay. You can tell the difference, the good
ones have ‘M’ stamped on them. | do have
a cheap set from EBay and they will go
onto the older Myford when | dig them out
of the storage shed.

Grinding up turning tools
Up to now, most of the turning | have
done has been with a straightforward 90
deg. Mitsubishi tipped tool and also a
Mitsubishi tipped boring bar. Both tools
took the same tips so only one packet was
necessary. It was still expensive on tips so
an alternative was needed and | obtained
some 8mm square high speed steel
blanks. | have also purchased a decent
bench grinder to grind up the high speed
steel tools. This was mounted on a Tesco
wooden chopping board that had rubber
feet on the underside (the feet are chair
buffers from Homebase). | can now carry
the grinder outside in good weather and
grind tools outside.

| don't like grinders inside a small home
workshop; the dust gets everywhere. The
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ON THE

EDITOR’S BENCH

first time | tried grinding in the workshop
many years ago, the Myford got covered in
flying grit. | had to clean it down very
carefully and have never used a grinder in
the home workshop again. | was lucky
because | used to work in industry and
could grind tools in dinner and tea breaks
{or while waiting for the CNC to finish its
run). Then all | had to do was finish them off
with a diamond lap. Diamond laps are so
cheap nowadays that it really does pay to
have a selection in the workshop. | use them
for fine deburring as well as tool honing.

| ground up the front parting tool for
brass and the rear one for steel. The rear
one is much more substantial. To set
centre height for the parting tools, | simply
faced of a bit of brass bar adjusting the
height as necessary. | also ground up a
long piece of HSS at both ends to a 90
degree angle at 45 degrees to this shape
<--->. Now | can lightly chamfer bores and
diameters with ease simply by turning the
tool holder 90 degrees. | have ground up a
right hand turning tool to turn from right
to left in place of the tipped tool. It works
fine on brass. | turned both the bearing
block and the cylinder mounting block for
the simple oscillating engine with no
problems. | will have to grind up one for
steel with top rake for when | come to turn
the crankshaft.

Once the little oscillating engine is
working, | intend to start one of the kits
lying in storage in the workshop. | have
purchased many kits over the years, too
many really but will hopefully build some
eventually. | think the Stuart 10 H will be
first. | half made one of these years ago
but it ended up on EBay. Perhaps this time
I will finish it. | know | enjoyed making the
parts that | started.

Perhaps part of the problem is my
production background. In my mind, |
have already made the Williamson engine
mentioned last month. | go through the
drawings (or in this case Tubal Cain's
book) several times and work through
machining all the parts. The engine is
finished in my mind. Perhaps | might be
better off just buying the drawings and
looking at these and then machining the
components in my mind. It will certainly
work out cheaper.

| think actually that | am polychronic This
means | prefer to work on multiple
activities at the same time. Examples of
polychronic behaviors include talking on
the phone while doing other things and
browsing the internet while in a meeting.
People who prefer to do one thing at a
time are known as monochronic.

Are you polychronic (preferring to do
more than one thing at a time) or
monochronic? Certainly most of the
models produced and shown at Model
Engineering Exhibitions must have been
made by monochronic modellers. Which
type are you, polychronic or monochronic?
Is this why you never finish something
before starting the next thing?

| must make the effort to change my
mindset and finish a model. Life is too
short to do everything but if | start now, |
can accomplish something. B

catalogue 2009

Mew Chester catalogue

Chester’s new catalogue contains
over 200 pages and is available now.
Mew products include:

Bench top variable speed drill with
laser alignment, an ever increasing
range of accessories for their
machine tool range and a new range
of cutting tools, compound tables
and much more.

The catalogue is free and can be
requested at the website www.
chestermachinetools.com or by email:
sales@chestermachinestools.com

T. 01244 531631 (Chester) or 01543
448940 (Midlands Showroom)

or alternatively you can write to
Chester Machine Tools, Clwyd Close,
Hawarden Industrial Park, Chester
CH5 3PZ.




WORKING WITH

THE FACEPLATE @

or most workshop owners, using

the faceplate to hold a workpiece

is a last resort method and

understandably so. Occasionally |

fear, a project is even shelved rather
than use this method, | know, I've done it.
On the lathe, holding the workpiece can
be divided into four areas, using a chuck, a
mandrel, between centres or the faceplate,
with the faceplate brought into service
when other methods cannot satisfactorily
hold the part. In some cases this will just
be because, whilst it could be held in a
chuck, there is not a chuck large enough.
In many cases though it will be because
the part is just the wrong shape for the
other methods.

Deciding on whether to use a chuck or the

faceplate is an infrequent decision as in
most cases a chuck will be the obvious

¢

choice. It is this infrequent use that creates
a lack of experience resulting in it being an
operation faced with a certain amount of
trepidation by anyone other than the
seasoned turner. | am therefore in this
article attempting to give the reader who is
relatively new to faceplate use some basic
infarmation. Also, throughout the article, |
am attempting to satisfy the editor’s
request for simple constructional projects
of an hour or two by including some
relevant mini projects, What then are the
problems when using the faceplate?

Faceplate, to use or not to use
Chaoosing whether or not to use the
faceplate is an easy one in most cases,
since if the workpiece cannot be held in a
chuck then the faceplate is the only option.
Of course, at this point you may have to
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Harold Hall looks at setting
up work on the faceplate.

decide that the faceplate is also a non
starter and some other method must be
sought to machine the part. If this cannot
be found then one must ask oneself is the
project outside the scope of the workshop
facilities. | will add here that using the
faceplate will be more common in the
workshop that does not possess a milling
machine as the lathe will be pressed into
use for surfacing some items that would
otherwise be machined on the mill.

Having decided to use the faceplate, three
processes have to be gone through before
turning can take place, being positioning,
fixing and balancing, none of which, in most
cases are easy, or quick when compared to
the simplicity of using a chuck.

The reader will of course realise that the
faceplate will be called upon to support a
multitude of shapes. Because of this, the
article will be more about the methods
and these will be mostly illustrated using
relatively simple components as it is
quite impossible to consider every
possible shape.

Positioning

When using the three jaw positioning is
automatic and with the four jaw it can
easily be set by the adjustment that the
jaws provide. Such a luxury is rarely
available with the faceplate and locating
the workpiece is very much a case of

trial and error. To add to the problem the
vertical surface means that the item being
positioned has first to be clamped to hold
it approximately in place. With the item
lightly clamped it can be encouraged into
position, typically by being tapped with

a soft hammer. The clamps though being
only very lightly tightened can easily loose
their grip with this action and the part falls
from the faceplate. It is far from an easy
operation!

In view of the problems with a vertical
faceplate, fixing the workpiece away from
the lathe with it in the horizontal position
may seem like a good idea. This though is
a non starter as there is no means of
determining that the part is correctly
positioned, later in the article though a
method of overcoming this limitation will
be described.

The most common methods of
determining the positional accuracy of the
workpiece are by means of a centre finder,
or a DTI (dial test indicator) testing some
part of, or an item added to, the workpiece.

Using the centre finder
In the case of the centre finder it will be
located into a centre punch mark or a
centre drilled impression and the faceplate
rotated by hand when any off centre error
will be evident by the finder swinging in a
circle. The position of the workpiece will be
adjusted until the finder remains static as
the faceplate is rotated and if precision is not
necessary then this can be judged visually,
otherwise, movement of the finder will be
checked using a DTl as seen in photo 1.

If the reader is not familiar with this
simple device it can be seen in the
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Photo 2. With two Toolmaker’s buttons on
the workpiece one is set true using a DTI.

photograph that it is supported between
the workpiece and the tailstock centre and
it is at this end that the finder has a sprung
loaded drilled centre. With this
compressed a little by feeding the tailstock
it ensures that the working end of the
finder remains firmly in contact with the
workpiece as the faceplate is rotated.
Similarly, it will also find a use to position
parts in the four jaw chuck. If you do not
posses a centre finder then this will make
a simple project for an hour or so and
drawings are included for this.

Using toolmakers buttons
Sometimes, the workpiece will already have
a machined bore or spigot and a DTl will

be used for checking that these are running
true. In other cases, one or more hores

will have to be made and positioned, very
precisely in some cases, relative to some
other aspect of the item being machined

or to each other. This requirement is where
toolmaker’s buttons come into use.

If these are new to you then these
devices are small drilled posts and made
to a very precise diameter. How then are
they used? Taking first the need to
accurately position a single hole in a
workpiece relative to some other aspect of
this. The workpiece is carefully marked out
and drilled and tapped where the bore is
eventually to be made, normal accuracy
for this process is all that is needed.

The toolmaker’s button is then fitted
using a screw into the tapped hole and its
position adjusted so as to accurately set
the location of the hole to be bored. This
adjustment is possible as the hole in the
button has a very generous clearance over
the diameter of the screw being used.
Then, with the workpiece now on the
faceplate, its position can be set using a
DTI so that the button runs true. It is then
removed and the required bore made.

Another application is to set hole centres,
say for a pair of gears. If 10mm diameter
buttons are being used and the centre
distance required is 87.5mm the side plates
which carry the spindle bearings would be
marked out at this dimension and the holes
drilled and tapped; again accuracy is not
critical. The two buttons would then be
fitted and set across their outer diameters
to 97.5mm (centre distance plus the
diameter of one button}. One button would
be set to run true, photo 2 then removed
and the first bore made, photo 3. The
workpiece would then be moved and the
operation repeated for the second button
thus ensuring that the required centre
distance has been achieved.
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Photo 3. The first button has been
removed and the workpiece bored.

Toolmaker's huttons have precise
diameters, probably within 0.002mm, but
this level of accuracy is rarely required in
the home workshop and they can be
another candidate for a mini project,
especially as it is not that easy to find a
supplier. Normally, commercial items
would be hardened and ground but for the
limited use in the home workshop mild
steel buttons should suffice provided they
are treated with care.

The essential thing about their
manufacture is that they should all be the
same diameter within close limits, say +/-
0.005mm, and their base square to the
outer diameter. This latter point can easily
be achieved by machining both the outer
diameter and end face without removing
the part from the chuck. The drawing gives
some suggested dimensions and | would
suggest that you work to these unless you
expect to work with bores closely spaced in
which case they may need to be made to a
smaller diameter, or make a second set.
Commercially, buttons are made in sets of
four with one longer than the others
permitting close hole centres to be set up.

To make the outside diameters that
accurate, set the top slide to nominally 6
degrees when 0.01mm feed of the top slide
will feed the tool 0.00Tmm radially. If you
are into even higher levels of precision 0.6
degrees will give an axial to radial ratio of
100:1, Ref. 1. When attempting to take such
minute amounts off the diameter the tool
will have to be honed to a very precise
edge and a round nose tool is the best
choice in this case as it is not required to
machine up to a shoulder.

Photo 4. Setting a fence for boring
a bearing block.
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Using a fence

Quite often a bore or other feature

will heed to be accurately positioned

in relation to a particular edge of the
workpiece that, if straight, can be located
against a fence placed onto the faceplate.
This is particularly beneficial if a number
of identical parts are being made. An easy
way to position a fence in this way is to
place the lathe's centre into its mandrel
and space the fence from this using slip

Photo 5. The bearing block
being machined.
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Photo 6. Setting parallel fences to support
a round workpiece.

gauges or a vernier calliper, photo 4. The
space will of course be equal to the height
of the bore minus half the diameter of the
centre being used. Photo 5 shows where
one of a pair of bearing blocks is being
bored using the fence to locate them.

A rather more interesting version of this
is seen in photo 6 where two fences are
being positioned. This is a method | often
use when having to support a round
component on the milling machine rather
than using a V block. The spacing is not
critical, only that the two faces are exactly
parallel to do this. The spacers being used
at the end were equal to the diameter of
the lathe's centre. Photo 7 shows a close
up of the round workpiece positioned on
the fences. It is particularly useful on the
faceplate as it is much more compact than
using a V block whilst the set up also
ensured that the bore being made was
exactly central across the diameter of the
part, photo 8. If the reader is curious as to
the purpose of the part this was for a mini
boring head, Ref. 2. Reference to the
article will give greater insight into using
the faceplate for this boring head and is a
mini article on the subject of using the
faceplate in its own right.

Fixing

Fixing the workpiece is without doubt the
most critical aspect of using the faceplate
with size, shape, safety and security
having a major impact on the problem.

Size is probably the least of the problems
with this only surfacing with larger
components. Howewer, a large size
component is not always a problem as
photo 9 shows.

Shape can though be a major problem
especially if also a large size but
unfortunately | have disposed of my 2000
plus workshop photographs due to it
being almost impossible to index them
and | have no examples to illustrate this.
However, readers with issue 21 could look
at photo number 14 on page 49 for an
excellent example.

Safety is perhaps the least considered
aspect of using a faceplate and this is a
major oversight. The most important
consideration is the very irregular shape of
the final assembly which when run at
speed is a considerable safety hazard.
Whilst an irregular shape cannot be
avoided some simple measures can
minimise the dangers, for example, fixing
studs and screws which if too long will
project out from the assembly
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unnecessarily should be avoided. Do try to
use appropriate lengths, even cutting
them down in length to limit the danger.
Where screws or studs are only
marginally too long, lose the extra length
by allowing the stud/screw to project from
the rear of the faceplate. Of course, there
is a limit to how much can project at the
rear before it fouls with the lathe's
headstock. This highlights the need to
always rotate the assembly by hand
before running the lathe under power.
Such a test is not just restricted to the rear

.Poro . The component being bored. The
set-up ensures the bore is central across
the diameter.

of the faceplate. Similarly making sure that
larger items do not contact the bed or the
inside of the gap with a gap bed lathe is
equally essential.

Not easy to fully check without powering
the lathe is the clearance between the
topslide and the faceplate assembly when
a bore is being made. Where the clearance
looks as though it is a border line case do
stop the lathe periodically to check if the
clearance is remaining OK. Also consider
the effect of the top slide being moved
radially as the bore size increases.

Poto 9. Not all lar compnenfs are -

difficult to fix as this photograph of a
flywheel being machined shows.

Photo 10. The faceplate clamp components. The small raised portion of the packing

K - (Sl

piece has been marked with marking blue to highlight its position.
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Having stated that stud lengths should be
reduced to the minimum, oversize clamps
will also increase the hazard. There will be
a temptation to use the same clamps as
used an a smaller milling machine and of
course in some cases this will be perfectly
satisfactory. However, the limited size of
the lathe's faceplate can leave very little
room for adding the required clamps, and
making some smaller clam ps specifically
for use in this situation is all but essential.

In most cases, a clamp assembly will also
include a piece of packing under the non
workpiece end to ensure that the clamp
contacts the workpiece in a satisfactory
manner. This being with the packing just
higher than the workpiece ensuring it is
gripped by the tip of the clamp. The height
being quite critical there is a temptation to
make up the packing with a number of
pieces and whilst just OK on the machine
table this is taboo on the faceplate in terms
of safety and practicality. Try holding a pack
of packing pieces, the workpiece, the clamp
and a spanner to tighten the assembly, it's
just not on. The process is difficult enough
without making it even more so.

Another major consideration regarding
the packing is that it should itself be
secured, that is, not relying on the clamp
to hold it in place. The reason for this
should be obvious as should the clamp
become loose whilst the lathe is running
the packing will be thrown with what
could be devastating results, particularly if
the lathe is running at high speed. Such a
situation is not unknown especially where
the machining operation is intermittent

This leads me to introduce a clamping
system that | designed and was published
in an early issue of the magazine, Ref. 3. |
am loath though to go into detail regarding
these as | have mentioned them quite a
number of times since but they do
overcome many of the problems with
clamping parts onto the faceplate. Of all
the things that | have developed this one
must be at the top of the list for making a
very difficult situation relatively problem
free. The main feature is that as the packing
is threaded and is first secured by the
clamp screw. This can then be used with a
nut to clamp the workpiece using a clamp
bar. Secondary packing pieces are made
with clearance holes so that the height of
the packing can easily be adjusted.

The main benefits of the system are
compactness, secure packing and ease of
use, the latter point due to the clamp
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screw being made secure before needing
to clamp the actual workpiece. The parts
are seen in photo 10 and the drawing
shows the basic assembly. They can be
seen in a number of the photographs
throughout the article. These would also
make another and very worthwhile mini
project but realise that some readers may
not have copies of the magazine that far
back. In this case, if the reader goes to my
web site Ref. 4 and leave a request for
details | will send a copy, or maybe add
the details as a page on the website. For
the reader who does not have access to
the Internet send a request in a stamped
envelope to the editor who will | am sure
then forward it to me.

Faceplate dogs
Whilst using the simple bar clamp is
probably the first choice and the one most
often used, there are other methods. The
simplest of these are the small faceplate
dogs. Drawings for these are included
in the article and making these would
provide a simple project to occupy an
hour or two. These are ideal for squat
workpieces and have the advantage of
being easily able to make small changes
to the workpiece position. Photo 5 showed
an excellent example of their use.
However, | do use the term squat with
good reason, as a part that projects
appreciably from the dogs could easily be
pulled from them with the machining
processes, especially if intermittent
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Having dealt in this issue with using the
simple bar clamp and faceplate dogs for
securing the workpiece, in the next issue
we will cover other methods and go into
detail of further aspects of working with the
faceplate including balancing the assembly.

To be continued.
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Tray produced using the folder.

SHEET METAL FOLDER

Jayne Reeve makes a simple sheet metal machine.

his is a slightly more complicated

project this time which as well

as welding equipment will

also require access to a lathe.

The folder was dasigned to be
constructed from the 25 x 25 x 2.6mm
angle iron left over from the welding
trolley project and so is small in size and
consequently folding capacity. Tmm thick
mild steel is about the maximum it can
handle. As the closest |I've previously
come to a metal folder is a picture on the
internet, | had a little think and this is what
| came up with. | cant comment on how
this design compares with other variations
but it does fold bits of metal. The final
design has moveable pivot points; their
height can be adjusted to accommodate
different material thicknesses and bending
radii. The design is pretty basic and
could be scaled up if required, but I'd
recommend building a small one first and
having a play with it. The experience will
highlight any weaknesses in the design
and construction methods used and
allow you to decide on any refinements/
adjustments that can be implemented to
produce a folder better suited to your own
particular needs.
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Materials

Folder Body:

= All 25mm mild steel equal angle,
2.5mm thick.

= 1 off 300mm

= 3 off 260mm

= 2 0ff 50mm

Pivots:

« 4 off 26mm x 17mm x 2.5mm mild
steel (can be cut from the steel
angle or flat stock)

« 16mm dia. mild steel bar
(of a grade suitable for welding)

= 12mm dia. bar, either silver steel
or mild steel

* 6mm dia. bar, again either silver
or mild steel

Construction

The main body consists of one 250mm
length and the 300mm length of steel
angle. “Black’ mild steel as used here
will require a little surface dressing on
the outer faces. Running a file over the

surfaces until they feel smooth will suffice
but they won't look nice and shiny. If you
have access to a milling machine a light
cut could be taken from the faces and if
you're feeling flush ‘bright’ steel angle

is available but is considerably more
expensive. While you have the file out, file
a small radius on the outer corner, again
until it feels smooth to the touch, Fig. 1.
Cut slots in the ends as shown in Fig. 1
and photo 1. These can either be cut by
hand using a hacksaw and a file or you
could set it up on a milling machine and
machine the slots in place. There is no
great requirement for accuracy as these
slots merely provide clearance.

Originally | had envisaged that the
handles (for ease of construction) would
be fitted at 90 degrees to the main body,
hence photo 1 shows these with square
ends. During construction | decided to
change this to a 45 degree mounting.
Photo 2 shows the handles with the ends
machined to facilitate this. Again these can
be cut by hand using hacksaw/filefangle
grinder etc.

The pivots consist of four 25mm x 177mm
x 2.56mm flats and four ‘tubes’ machined
from 16mm dia. bar. The flats were made
from the steel angle by cutting 17mm
lengths and then hacksawing a ‘leg’ off.
The ‘stump’ can then be filed, ground or
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Photo 1. Folder component parts.

machined flush. Alternatively you could
make these from flat stock. Again
dimensions are not critical. The tubes
were made on a lathe from 16mm bar

d detail,

Ph;m.;a 2 Handles, showing en

be an easy sliding fit, not too tight and not
too wobbly! | used 12mm silver steel for
this as | had some to hand and it is of
course of a consistent and accurate
diameter. For this application 12mm bright
mild steel would probably be an
acceptable substitute as its diameter is
usually consistent within a few hundredths
of a mm. You could of course turn suitable
diameter pivots pins from bar stock. Drill
through 6mm. Again you could drill = '
undersize and ream to 6mm if you have Photo 3. Welding the pivots.
the tools available. The last parts, the two

6mm dia. pointed pins are to aid setting

drilled through 12mm and parted to up and construction. Length and point choosing a drill diameter to match that of
length. If you have a reamer of the angle are not critical but a nice sliding fit is your centre punch (3mm in my case) as
appropriate size you could drill and ream desirable. As before these could be made the finished pivots will be used to transfer
these but an acceptable bender can be from 6mm silver steel, Bmm BDMS or the hole positions to the main body at a
made without recourse to reaming so turned to suit. Photo 1 shows all the later stage. Fig. 1 shows the packing piece
don't go out and buy one specially for this component parts. required to correctly position the plate and
job {unless you need an excuse to buy Now we start with the welding, pivot tube for welding. Photo 3 shows how this
mare tools!). Ideally the fit between the components first. On the small plates was achieved using washers to provide
tube and the 12mm dia. pivot pin needs to mark the hole positions and drill through, the correct height and mole grips and a
Fig. 1 Folder Component Parts
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Photo 8. Aligning feet for el'ding again!

toolmakers clamp to hold everything in
position whilst it is welded in place. Wait
until it has cooled before turning over and
welding the other side. This will require a
packing piece of 5.5mm if 2.5mm thick
plate is used, adjust to suit if different
thickness material is used. Photo 4 shows
two completed pivots. The welds have
been dressed with a gentle application of
angle grinder and flap disc to a concave
shape. Once all four have been completed,
tidy up the 12mm bore so that the pivot

Photo 9. Mounting handles to main body

pins fit easily and assemble the two
pivots. Hold the two main body members
in a vice so that their top surfaces are flush
and their pivot clearance slots are suitably
aligned. Now clamp the pivots in place as
shown in photo 5. Use the 6mm pointed
pin to aid alignment. The centre of the
pivot should line up with the junction
between the two main members as in
photo 5. The pivots are offset so make
sure they are the correct way up. Once
everything is lined up use a centre punch

to mark the required hole positions on the
main members, also mark up which pivot
is bolted to which member (you can just
see the numbers in photo 6) so that they
can be reassembled in the same position.
Remove the clamps and drill the holes in
the main members, and open up the holes
in the pivots to just allow M5 set screws to
pass through.

The pivots can now be bolted in place
using suitable hardware, photo 6 and
the Bmm pointed pin to check alignment.
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Check that the folder pivots freely. A bit
of fettling may be required to the edges
of the pivots to allow this. Unbolt the
pivots again ready for the fitting of
handles and feet.

The feet are made from 50mm lengths of
angle as shown in photo 7. The corner has
been relieved to make sure that they don't
interfere with the pivots. A tickle with the
angle grinder soon achieves this. Photos
7 and 8 show the 300mm main member
and the feet clamped in place (using
suitable packing) ready for welding. The
handles are welded to the 250mm
member, photo 9 shows one of the
handles positioned at the correct angle for
welding using a magnetic clamp. Try to
get a couple of good welds on the inner
faces of the handle (although access is a
little difficult), and then run a nice weld
bead in the Vee formed by the handle and
the folder body.

Folder operation

Clamp the folder to the edge of a bench
using the feet. The folder can produce
radiused or sharp corners depending

on the former used. Photos 10 and 11
show a 6mm dia. bar used to produce

a radiused corner and an offcut of

steel angle used to produce a sharper
edge. Note the mole grips used to hold
everything im place for the sharp edge
bends. For radii, the former holds the
material in place and additional clamping
is often not required. The 6mm former is
a length of silver steel fitted into the Bmm
holes drilled into the pivot pins. Different
radii can be produced by making pivot
pins with the required bore and using

a length of bar of the correct diameter

as the former. For each bend, the pivot
height needs to be set according to bend
radius and material thickness, see Fig.

2. So for a 3mm radius (6mm former)

in Tmm thick material, 4mm spacers
need to be fitted between the pivots

and the former body. I've cheated and
used combinations of washers to get the
pivot point at the correct height. A more
permanent solution would be to machine
a range of spacers for commonly used
combinations of former and material
thickness. The 6mm bore pivot and
pointed pin combination can again be
used to check alignment when bolting up
the pivots after spacers have been fitted
if required. Photo 10 shows a couple of
Tmm thick test pieces produced using
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Photo 10. Test pieces produced using the folder

r o

Photo 11. The folder in action producing a sharp bend

Fig. 2 Folder General Assembly

e

SPACERS USED
TO RAISE PIVOT
HEIGHT AS
REQUIRED

AL

4

Photo 12. The completed folder.

the former. The eagle eyed amongst
you will have noticed that the cap head
screws used in earlier photos have been
replaced. There are two reasons for this,
one the cap heads | had weren't long
enough to accommodate the spacers
required and two, on the moving half

of the folder the pivot fixing holes have
been modified to accept countersunk
head screws which allow for a greater
angle of bend. Photo 11 shows the folder
In use.

Photo 12 shows the simple construction
of the finished folder. B
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Last month’s engine
model and the
components built

hree main factors determine the
look of rendered 3D images: the
rendering settings themselves,
scene lighting, and the materials
assigned to the model’s objects.
Although these important topics won't be
covered in great depth in this series, this
second part introduces them, enabling you
to make your models look more realistic.

Rendering

Last month, two trueSpace functions
were used to produce images of scenes
and objects: [Render Scene] and [Render
Current Object]. A useful third tool,
[Render a portion of the screen], Fig

F (Figs A-H are in part one), is used

by clicking the icon, then clicking and
dragging the mouse over one or more
rectangular areas on the screen. In
addition to these three tools, which render
images to the screen, you can also save
images with [Render Scene to File], Fig
F. Section 7.3 of the help file has more
details on all these tools.

TrueSpace has a large number of
rendering options which you can use to
alter the appearance of images. Some
possibilities include producing hidden line
drawings, smoothing object edges
(anti-aliasing), or using fog, snow and lens
flare effects. These options are all selected
from the Render Toolbar. This is collapsed
into a small square in the top-right corner
of the workspace, Fig A, but will be
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displayed if you move the mouse pointer
over the square. If you want to find out
more about the rendering options, the help
files, section 7.3, describes them in depth,
50 | won't cover them further except to
mention the Background Shader Effects.

The background of a rendered image is
the area not occupied by the 3D model. In
the last four images shown at the end of
part one, the background is a dark
blue-grey colour. As an alternative to plain
colours, you can also choose graduated
colours, cloud effects, or incorporate
graphic images and photographs. These
are the relevant icons from the pop-up in
the Render Toolbar:

Changing the background is a simple
procedure and can make a big difference
to a rendered image’s appearance. For
example, to change the background
colour, do the following: Right-click
[Background Effects Shader - Color]. The
left-hand panel below will appear:

background color .4 background color X|

Fig. 17

This is a standard colour selection panel
which is used many times in trueSpace.
Click the mouse in the hexagon to choose
a colour (white is in the centre), and adjust
the slider to alter the brightness. If you
right-click this panel, a further panel,
shown on the right above, is displayed
which allows you to specify a colour
precisely by clicking the sliders or by
typing in new values. Try altering the
colour with the panels and click [Render
Scene] to see the change in the
background. The [Background Effects
Shader - Graduated] and [Background
Effects Shader - Clouds] functions work in
a similar way to the background colour
tool except that two colours are chosen;
Right-click either of these tool icons, then
in the displayed panel, click each colour
button to get the colour selection panel.

The [Background Effects Shader - Image)]
tool can have an even bigger impact on a
rendered image. Click the tool's icon, then
right-click it to get the Background Image
Panel. Click the blank button in the panel,
and in the Background Image Browser
Panel, double-click any of the thumbnails,
then use [Render Scene] to see the result.
Have fun trying several of the supplied
images! If you have your own graphic
images or photographs on your computer,
try using these as backgrounds by loading
them with the Browser Panel. Photographic
backgrounds are an easy way of adding
realism to rendered images. In 3D work,
graphic images and photographs are
commonly referred to as Textures.

Here is last month’s engine model with
examples of each of the four background
effects:

Fig. 18

Lighting

Good lighting makes a big difference

to rendered images. 3D model lighting
has a lot in common with lighting in
photography, and similarly it's a skill that
takes time to acquire. For engineering use,
though, artistic scene lighting is usually
not so important, and in many cases a
simple light setup will be satisfactory. | will
describe just one such setup, but you may
care to explore lighting in more depth by
looking at the Help File, section 7.2.

Start with a clear workspace by clicking
[Create New Scene], Fig H. You will get a
message asking if you want to save the
current scene. If you want to save the
scene, click ‘Yes' and use the ‘Save Scene’
Panel. (You can if you like click ‘Cancel’
and save the scene with the method
shown in the ‘Libraries’ section last
month). First, for the new scene, turn off
the Magic ring function using the
‘TSEBFiles’ and ‘Preferences’ menus, as
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described last month. The ‘Automatic’
option was also selected last month, but
this time keep the ‘Scalable’ option to see
a different method of creating
polyhedrons. For this demonstration, only
a simple model will be used to observe the
effect of the light setup, so click [Cube].
The cursor will have a small yellow cube
to show that the Scalable feature is active.
Click the left mouse button anywhere in
the workspace and drag the mouse to
adjust the X and Y sizes of the cuboid
{rectangular block) that is created. Without
releasing the left button, click the right
button and you can change the cuboid’s Z
size. You can continue resizing the object
as long as at least one button is held
down. Click and drag the mouse to create
a few more shapes. With the Scalable
feature selected, the cube tool (and other
polyhedron tools) will remain active until
another trueSpace tool is selected. This is
different from the Automatic option,
where only one cube is created for each
click of the [Cube] tool. Alter the viewpoint
to see the cuboids from different angles,
and you will see that the shapes have all
been created with their base on the grid.
The first step in this lighting
demonstration will be to eliminate the
existing lights from the scene. First, click
[Direct 3D Solid Render Display], Fig F, if
this display mode is not already selected.
If the Object Info Panel is not visible,
right-click [Object Tool]. Click the arrow
button next to the Name field in the panel,
and you should see a list of the scene’s
objects cansisting of several cubes and
lights. Select each light name in turn and
press the Delete key to remove the light
from the scene. As you do this, note that
the cuboids get progressively darker.
When all the lights have been erased, click
[Render Scene] and you will see that the
objects are black because there is no
(virtual) light to illuminate them. The
background, however, has not changed
because this is not an object and is
unaffected by the scene lighting.

Fig. 19

Now to create a simple coloured light
setup. Click the [Local Light] tool; this is
the second icon from the bottom in the
lights pop-up in the Model Toolbar, Fig B.
Add a Local light to the scene by clicking
the mouse anywhere in the workspace.
Additional lights could be created in the
scene with further mouse clicks (because
the Scalable feature is active). For this
demonstration, only one light will be used
and then copied twice to make a total of
three lights, so click [Object Tool] to exit
the [Local Light] function. The new light is
now the Currently Selected Object, but
note that lights, unlike other objects, do
not have an Object Navigation Control
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around them. Position the light by typing
these values in the Object Info Panel:

[XL8.0/YL0.0/ZL2.0].

When a light is selected, a Lights Panel
will be displayed. This is similar to the
colour setting panel examined earlier, but
has extra icons for specifying (among
other things) if the light will cast shadows
or not, and how the light intensity will
diminish with distance. The light
parameters can be set precisely by
right-clicking the panel. In the new panel
displayed, change the intensity value to
1.2. Now create a second light with [Copy]
and change these values:

[XL3.0/YL-1.0/ZL8.0],

Hue:30, Saturation:0.65.

[Copy] again, and:

[XL-4.0/¥L6.0/ZL3.0],

Hue:198, Saturation:0.964.

Fig. 20

| will use this light setup often in this
series because it enhances the 3D
appearance of objects; It also makes the
printed images a little more colourful! If
you want to save this light setup, first click
the [Light Libraryl icon, the third icon
down in the Library Toolbar, Fig A. A panel
with many light setup thumbnails will
appear. Right-click the panel and select
‘Insert”. The scene’s light setup will be
stored in the library with the name
‘Untitled’. Right-click this thumbnail, then
select “Rename’ {under ‘ltem’, not
‘Library’), and type a name such as
‘FSteps1’ {Enter). With the light setup now
saved, you may like to tryout some of
trueSpace’s many supplied light
arrangements. Simply pick one of the
thumbnails from the Light Library Panel,
then click [Render Scene] to see the effect.
To return to the saved coloured light
setup, click its thumbnail in the panel.

Besides Local Lights, TrueSpace has
eight other light types. Some of these
require a certain amount of technical
knowledge to use fully, but you can still do
a lot with three of the simpler types - Local
Lights, Infinite Lights, and Spot Lights. The
difference between these three light
sources is that Local Lights are like light
bulbs, shining light equally in all
directions, Infinite Lights illuminate all
parts of a scene at a fixed angle (like the
light from the Sun), and Spot Lights
project a focussed beam of light,
illuminating a small area. All the
trueSpace light types are explained more
fully in the Help File, section 7.2.2.

In the light setup described above, the
three lights were positioned by typing X, Y
and Z values in the Info Panel, but as lights
rarely need precise locations, it is usually
quicker to move them with the mouse.
Left-click and drag on a Local Light to
move it in the X and Y directions, right-

click to alter the Z position. Spot Lights
can be both moved and rotated,
depending on which part of the light is
dragged. Infinite lights can only be rotated
with the mouse (its position in the scene is
unimportant), but you can still type X, Y
and Z Info Panel values to move it away
from scene objects.

Object materials

All objects so far have been created with
the default trueSpace material - a pale
grey, non-reflective surface. Materials
are a set of attributes (colour, roughness,
transparency etc.) that define how
objects will look when rendered. New
materials can be created by choosing
their properties, and a future article will
show how this can be done. For now,
you cah experiment with trueSpace’s
included sample materials, and the next
demonstration will show an example of
assigning materials to a scene’s objects.

If you like, save the current scene, then
load last month's engine model with these
steps: Click [Scene Library] in the Library
Toolbar. Right-click the panel and select
‘Load’. Pick ‘First Steps’ (or whatever
name you chose) and '0Ok’, then click the
engine model thumbnail (select ‘No’ in the
Scene Changed message panel).

Now click [Material Library], fourth icon
down in the Library Toolbar, right click the
panel, then ‘Load’, and chose ‘Metals3’
and ‘Ok’. To assign one of the metal
samples to an engine component, simply
click a material thumbnail and drag the
mouse to the chosen object, then release
the mouse button. Experiment by applying
the different metal samples to the engine
and then click [Render Scene] to see the
effect. You can also try rearranging the
lights (zoom out of the scene to see them
all), or adding new lights. | have used
Brass, White Gold, Silver and Vanadium
material samples in this image:

Fig. 21

The technigues looked at this month,
while not yet comprehensive enough to
produce photorealistic images, will still
give a reasonable impression of how
engineering models will look when
actually built. A later article in the series
will have some further methods and hints
for increasing the realism of images, but
for the rest of the article, | will return to 3D
model building.

Modelling with polyhedrons
The engine model was built entirely with
two types of polyhedron - the cube and the
cylinder. These simple shapes, generally
comparable to objects produced by milling
and turning operations, can be used

to construct substantial parts of many
engineering models. With trueSpace's
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other shapes - the sphere, cone and torus,
you can indeed do extensive 3D modelling
with polyhedrons alone. As this is such a
fundamental skill, | will give a few more
examples of using polyhedrons to create a
variety of simple components.

Ball crank

Save the engine model scene, and click
[Create new scene], Fig H. Using the
‘TS6Files’ and ‘Preferences’ menus,
change the ‘Scalable’ option back to
‘Automatic’ (Magic Ring should still be
unchecked). Right-click [Sphere], Fig B, to
get its property panel. You can see that the
sphere (like the cylinder) has settings for
Latitude and Longitude. Before continuing
‘with the Ball Crank, you may like to click
[Sphere] several times, experimenting
with different latitude and longitude
values. Small numbers produce some
interesting shapes, but which probably
hawve limited engineering use. Large values
will give smoother surfaced spheres. It is
best to use latitude and longitude values
which are multiples of four if you want to
manipulate true spheres (and longitude
values of cylinders, cones and tori too). If
this condition is not met, the differing X, Y
and Z sizes may generate small modelling
errors . While experimenting with spheres,
their structures are best seen with
[Wireframe Display], Fig F, active.

Erase any spheres. Set Latitude to 12
and Longitude to 24, and click [Sphere].
Change the following parameters in the
Object Info panel:

[XS1.5/Y81.5/Z51.5]

(X, Y and Z sizes set to 1.5 centimetres).
Press [Copy] and change:

[YL-2.5/XS1.8/Y¥S1.8/Z51.8]

[Copy] again, and

[YL2.5/XS1.2/Y81.2/Z51.2]

If the Cylinder property panel is not
visible, right-click [Cylinder]. Set
Longitude to 16, click [Cylinder], and

[XR90/XS0.6/YS0.6/Z55.0]

Next, another cylinder is added to make
a handle. This time, though, the cylinder is
created with tapered sides, turning it into a
truncated cone shape. This is achieved by
changing the Top Radius setting in the
cylinder property panel. Set the Top
Radius to 0.5, then [Cylinder], and change:

[YL2.5/ZL3.0/XR-180/XS1.0/YS1.0/Z54.0]

Finally, the five shapes are all combined
together. Select the central sphere, and
[Object Union], Fig B, it with the other four
shapes (the location of the first object
selected in a union or subtraction
operation will become the location of the
resulting object). Click [Object Tool] to exit
the union function, then click [Render
Current Object] or [Render Scene] to give:

Fig. 22

Individual objects can be saved in
trueSpace, allowing them to be reused in
other models, and you may like to save the
Ball Crank before continuing with the next
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example model. First, type in a name in the
Object Info Panel (‘Ball Crank’ perhaps) and
press Enter. Click [Object Library], sixth
icon down in the Library Toolbar, Fig A,
then right-click the panel and select ‘New".
Right-click the new empty panel, select
‘Rename’, and type ‘FS Objects’, or other
name. Check that the Ball Crank object is
selected, then right-click the Object Library
panel, then ‘Insert’. The object is now
stored in the library, and has the same
name as that typed in the Object Info panel,
but with a number (0 in this case)
appended. To reuse a stored object, simply
drag it from the Object Library panel to any
position in the workspace, many times if
you want (or click it to create one in its

original position).

Fig. 23

Ball Lever

Erase any objects, and click [Sphere] with
Latitude 12 and Longitude 24 (1 will use
the abbreviations LAT and LNG from now
on). [Copy] the sphere and change:

[YL5.0/XS1.2/YS1.2/251.2].

In the Cylinder panel, set LNG:16 and Top
Radius to 0.5, click [Cylinder], and

[YL2.5/XR90/XS1.0/YS1.0/ZS4.0].

Select the first sphere and [Object Union]
it with the other objects. Rotate the whole
shape with [XR-20]. Next, to create a flat
face on the base of the lever, click [Cube],
and set [ZL-0.6]. Select the lever, and then
use [Object Subtraction] on the cube. With
[Render Current Object] you should have:

Fig. 24

Type an appropriate name in the Info
Panel, and Save ('Insert’) the lever in the
Object Library Panel (this component will be
used again in a later modelling example).

Handwheel
The Torus polyhedron, having the same
shape as a ring-doughnut, is not often used
in engineering, but here is one example.
Right-click on [Torus], Fig B. In the Torus
property panel, in addition to Latitude and
Longitude values, there is also an Inner
Radius setting. This parameter is not
always the most convenient way of
specifying the proportions of a torus, and
a small calculation is often needed to find
the Inner Radius value. In the next
modelling example - a Handwheel - this
was done as follows: | chose an outer

torus diameter of 80 mm and a thickness
of 12 mm. The inside diameter is therefore
80- (2 x 12), or 56 mm. The Inner Radius
value is found by dividing the inside
diameter by the outside diameter. In this
case, 56/80, or 0.70. Type this value in the
Torus property panel, and set LAT:24,
LNG:60. Click [Torus] and change:

[ZL0.0/YR90/XS8.0/YS8.0/251.2]

(A guick way of changing the three sizes
is to multiply the original values times 4,
by typing *4 Enter after each of them).

For the Handwheel Boss, select
[Cylinder] with LNG:40 and Top Radius
resetto 1, and:

[XL1.2/ZL0.0/YR90/X53.0/Y53.0/252.0]

[Copy] this cylinder, and [XS$1.0/YS1.0].
Subtract this second cylinder from the
boss to create a bore.

Next, three radial arms are created with
flattened cylinder shapes. Click [Cylinder]
with LNG:16, and

[XL0.3/2L2.2/YR15/XS50.6/Y51.2]

[Copy] this shape and change:

[YL1.905/ZL-1.1/XR120]

[Copy] again, and

[YL-1.905/XR-120]

Select the Boss, and [Object Union] it
with the arms and torus.

Fig. 25

Lathe Centre
This simple component introduces the use
of the Cone polyhedron.

Save the Handwheel object and then
clear the workspace. Display the Cone
property panel by right-clicking [Conel, Fig
B. This shape, like cylinders and spheres,
has latitude and longitude parameters. To
create the Lathe Centre's tip, set LNG:24,
click [Cone], and change:

[ZL0.52//X51.2/Y51.2/251.04]

(The base diameter is 12 mm, and the
height is the radius x tan 60°).

For the Centre’s shank, set LNG:24 in the
cylinder property panel. The Top Radius
value is calculated as follows: This is a
1MT centre, which has a taper of 0.05 per
unit length. I've chosen a shank length of
36 mm, and the difference between the
end diameters is 36 x 0.05, or 1.8 mm. For
a large end diameter of 12 mm (the same
as the cone base), the small end diameter
is 12 - 1.8, or 10.2 mm. The Top Radius
value is the small diameter divided by the
large diameter, 10.2/12, or 0.85. Type this
value in the Cylinder property panel, click
[Cylinder], and

[ZL-1.8/XR180/XS1.2/¥S1.2/2S3.6]

To complete the centre, select the tip,
and [Object Union] it with the shank.
Rotate the object with [XR90], and click
[Render Current Object] to give:
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Fig. 26

Object Axes
In all the example 3D models shown
so far, every starting polyhedron has
been manipulated using its default
reference point which is at the shape’s
centre. In many cases, however, a lot of
arithmetical calculations can be saved,
and the modelling generally simplified,
by adjusting the position of the reference
point before modifying an object itself.
The reference point is defined by the
position of the object’s own set of axes,
and these Object Axes are completely
separate and independent from the World
Axes. Unlike the World Axes, Object Axes
can be made visible and altered just like
any other object. Try the following: Erase
any objects in the workspace, and click
[Cubel. Notice in the Object Info panel that
the X, Y and Z location values are 0, 0 and
1 respectively. This is the cube’s default
reference point, and is at its geometric
centre. With [Wireframe Display] selected,
click the [Axes] tool, Fig B. Zoom in close
to the cube, and you will see a group of
three perpendicular lines with the letters
X, ¥, and z. These are the cube’s Object
Axes, defining its reference point (I've
changed the cube and axes colour to
make themn stand out in the next picture).

Fig. 27

When the Object Axes are visible, the
values in the Object Info panel are those of
the axes itself, and changing the values will
alter the axes, not the object. The axes can
also be moved and rotated with the mouse.
Select [Object Movel], Fig D, and click and
drag the mouse pointer in the workspace to
alter the axes position (left mouse button:
XY movement, right button: Z movement,
both buttons: XYZ movement). Notice that
the World X, ¥ and Z values are updated in
the Object Info panel as the Object Axes are
moved around. Next, try rotating the axes
with the mouse by first clicking [Object
Rotate], Fig D. You can also use [Object
Scale], but as this only affects the size of the
axes, it has no modelling function. It can,
though, make the inconspicuous axes larger
and more noticeable, particularly in solid
render display mode (the axes, as well as
other objects, can be scaled equally in all
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directions by dragging with both mouse
buttons down). When you have finished
altering the axes, you can return to object
modifying made by clicking [Axes] again.

Sometimes it is convenient to have the
object axes visible while the object itself is
being manipulated. This can be done by
selecting an object, clicking [Axes], and
then selecting the object again with the
mouse. Alternatively, you can click [Axes],
and press the up arrow key on the
keyboard. To subsequently hide the axes
in object editing mode, click [Axes] twice.

Although | have described how Object
Axes can be manipulated, you may be
wondering what value this has in 3D
modelling, so this second part will end
with a few examples of modelling with the
aid of the axes.

Modelling a lathe tool
This first example - a right-hand knife
tool, is a good illustration of how
adjusting an object's axes can make 3D
modelling easier by eliminating arithmetic
calculations. It will also demonstrate how
component building can often be speeded
up by using the mouse and grid snapping
instead of typing values in the Object Info
panel. To explain these techniques, | shall
have to give a long description which
may give the misleading impression that
a considerable effort is required to create
the lathe tool. However, with practice in
using these methods, it should take only a
minute or two to create an object like this.
First, here a summary of the tool's
construction steps: a cube is made into a bar
shape, and then another cube is subtracted
from the bar, in three different positions, to
form the cutting faces at the end of the lathe
tool. To begin, clear any objects in the
workspace, click [Reset View], Fig H, and
then [Cube]. This will be the subtracting
object. Select [Wireframe Display], then
[Object Move], Fig D, and turn on grid
snapping by clicking [Toggle Grid mode].
Right-click the [Toggle Grid mode] icon to
get the Grid property panel. Change the X, Y
and Z values to 1, which will restrict object
movement to one grid square steps. Click
[Axes], and drag upwards in the workspace
with the right mouse button held down until
the axes move to the top face of the cube,
and the Z location value in the Object Info
panel is 2.0 (larger mouse movements are
often needed when the grid mode is active).
Next, drag towards the left of the screen
with the left button down until the axes
move to the top left corner of the cube.

Fig. 28

In the Object panel, you should have:

[XL1.0/YL-1.0/ZL2.0]

Click [Axes] to return to object editing
mode. The lathe tool building steps are
now simplified a little by moving the cube
so that its new reference point coincides
with the World centre. Typing [XLO/YLO/
ZLO] will do this, but an easier way of
doing the same thing is to use the
[Normalize Location] function, so click this
tool’s icon, Fig B.

To create the lathe tool bar, click [Copy],
and select [Object Rotate]. The Grid
property panel will change to show the
current rotational snapping values in
degrees (they should all be 45). Drag the
mouse to the left with the right button
down, and the cube will rotate in 45° steps
around the Z axis. Move it four steps until
[ZR180]. Notice that the copied cube has
retained the new reference point of the
original cube (click [Axes] to see it, then
[Axes] again to return to object editing),
and that the rotation has been around the
Object Axes position. Modify the cube with:

[XS1.0/YS8.0/ZS1.0].

S
Fig. 29

Instead of typing the bar’s dimensions in
the Info panel, the [Object Scale] tool
could have been used with the mouse and
grid snapping to resize the bar (try it if you
like). | have not done this because, with
object scaling, the grid snapping steps are
proportional size changes (you could
experiment with this later to see what |
mean). This is rarely useful; it just so
happens that in this instance the lathe
bar’s particular dimensions would have
made mouse scaling possible with the grid
mode active.

Next, select the original cube, then
[Object Move] it (with grid snapping still
on) to [YL-1.0]. Click [Object Rotate], and
type 5 for all three values in the Grid
panel. Any rotational changes made with
the mouse will now be in five degree
steps. To create the side clearance angle
on the lathe tool, the subtracting cube
should now be rotated around the Y axis
only. However, dragging with the left
mouse button with the [Object Rotate]
function active will produce rotations
around both X and Y axes. You can,
though, stop any rotation around the X
axis by clicking [Toggle Navigation using
X axis], Fig F. Do this now, and rotate the
cube by one step size to make [YR5.0].
(The Y axis rotation could also have been
done by using the ‘Rotate by Y axis’
handle on the Object Navigation Control).

Right-click [Object Subtraction], and
select Keep Drill. Select the lathe tool bar,
and subtract the cube. Now to create the
top rake. Select the cube, and drag the
mouse upwards until

[XR-180/YR20/ZR-180]

To reach this position, note that there is a
jump in X and Z values in the Info panel
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‘when the Y rotation reaches 90°. This may
be confusing at first, even though the
mouse controlled rotation is perfectly
natural. Select the lathe tool and subtract
the cube. With [Render Current Object],
you should have:

Fig. 30

Select the cube, and revolve it back until
all rotation values are zero. Next, reposition
it with [Object Move] to [YR0.0]. Once
again, select [Object Rotate], and revolve
the cube around the Z Axis (right mouse
button down) until [ZR95]. This position of
the subtracting cube will produce a 5° plan
relief angle. A 5° front clearance angle can
be created at the same time by doing the
following: Click [Axes], then click the
[Normalize Rotation] tool icon, Fig B. This
last function rotates the Object Axes to
make them parallel with the World Axes.
Click [Axes] again. To make the front
clearance angle, the cube now must be
rotated around the X axis only, so re-
enable X axis rotation by picking [Toggle
Navigation using X axis], and stop any Y
rotation with [Toggle Navigation using Y
axis]. Use the left mouse button to rotate
the cube by one step to [XR5.0], select the
lathe tool, and subtract the cube. Finally,
delete the subtraction cube. Here is a
close-up of the lathe tool:

Fig. 31

Whenever an object has to be rotated in
two axes, as in the example above, the
procedure should be to rotate it around
one axis, normalise the axes rotation, then
rotate the object around the second axis. If
the normalise function was not used, the
angular rotations produced would be
different. With small angle rotations (as
used in the lathe tool), the discrepancies
are small, but they would become
significant at greater rotation values. This
may not be that easy to follow at first, and
you may find it worthwhile rotating a cube
around two axes, first with and then
without [Normalize Rotation] of the axes,
to see the difference.

The technique of repositioning an object’s
axes before manipulating the object itself

22

can save a lot of effort while creating 3D
models. You may like to think about how
the lathe tool could have been formed if
the default object axes position at the
centre of the subtracting cube had been
used; in this case, aligning the cube with
the tool would be much more difficult.

You may have found that following the
steps needed to make the lathe tool was
heavy going. There is certainly a lot of
information to grasp in one go in this
example. With experience, though, these
techniques should become second nature,
and will speed up your 3D modelling. For
practise, you may like to build other RH
knife tools with different angles, and then
perhaps to create some other types of
lathe tool.

A graduated collar

Here is another example of altering
an object’s axes position to make 3D
modelling simpler.

To make the collar, use [Cylinder] with
LNG:40 (and Top Radius:1). Set:

[XS3.0/YS3.0/ZS1.0].

Click [Copyl, and [XS4.0/¥S4.0]. Subtract
the first cylinder from the second {uncheck
Keep Drill).

Next, a small block shape will be
subtracted many times from the collar to
make the graduations. For the block, click
[Cube], then [Axes], and move the axes
{with the mouse and grid snapping mode
on) to [XL-1.0/ZL0.0]. Click [Axes] again,
and type

[XL1.9/XS1.0/Y¥S0.05/251.2].

This will make a 0.5mm wide block that
overlaps the collar’s outer face by 1 mm.

Fig. 32

Move the block’s axes to the World
centre (the same location as the collar's
centre) with [Axes], [Normalize Location],
[Axes]. For ten equally spaced
graduations, click [Object Rotate], and in
the Grid property panel type a Z value of
36. Click [Copy], and rotate the block one
step around the Z axis (right mouse button
down). Do this another eight times,
rotating each copy of the block by one Z
axis step. Here is a view from above:

Fig. 33

Select the collar and subtract each of the
ten blocks in turn. Here is the finished
collar shown with [Render Scene] (I've
made the lights cast shadows here, to
make the graduations clearer).

Fig. 34

A third axes example

This example simply repositions and
realigns an object’s axes to make object
manipulation more convenient.

Clear the workspace, and reload the Ball
Lever component created earlier (click this
component’s thumbnail in the Object
Library panel). The lever's axes are
currently situated at the centre of the large
sphere and are also rotated 20° relative to
the World X axis {a result produced by the
object’s construction steps). A more
suitable axes position would be at the
centre of the flat face at the base of the
sphere, and with zero rotation. To do this,
first type [ZL0.6] to locate the bottom face
at the World centre. Click [Axes], and you
can see the object axes placement and
rotation. Now click [Normalise Rotation]
and [Normalise Location].

Fig. 35

Click [Axes] again, and turn off the grid
mode. Now, if you [Object Rotate] the
lever by dragging with the right mouse
button down (Z axis rotation), the lever
will behave as a real one would when
turned by hand. Cancel any rotation with
[Normalise Rotation], and resave the
edited object. B

Next Month: Part three will show how 2D
shapes can be created and edited, and
will also start to look at some trueSpace
functions that can turn 2D objects into 3D
components.
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THE WARCO WM 18
MILLING MACHINE

Dave Fenner investigates this recently released machine from Warco.

was recently asked by our editor,
whether | would be able to have a look
at one of the latest Warco machines,
namely the WM 18 Mill/Drill. Now
seriously, who would not grab such an
opportunity with both hands? For those
who have not studied the Warco catalogue,
this is a bench mounted machine with
a 1.1Kw (1.5hp) variable speed motor,
capable of fairly arduous work.

The table measures a generous 700 x
210mm with three longitudinal 12mm Tee
slots each 560mm long. The travel
envelope is given as X - 425mm, Y -
220mm, and Z - 370mm. However
running the table from one extreme to
the other, | actually measured 455mm.
The Z figure implies the ability to easily
accommodate table mounted
accessories, with ample headroom.

In order to simplify mounting | asked that
the optional stand and tray should also be
supplied. On the appointed day, a carrier
arrived, and, using his pallet truck,
wheeled the pallet into the workshop. A
box containing the stand was strapped on
top of the wooden crate containing the
machine, photo 2. After cutting the
strapping, the stand was taken off and
unpacked along with the drip tray, which
incidentally is available as a separate item
for those wishing to construct their own
bench. The packing case was then
sufficiently dismantled to get at the
machine, photo 3. The next step would be
to lift the machine sufficiently to mount it
on the stand, and here | had to add an
additional 150mm or so to allow for
placing the whole assembly on a trolley
for easy movement. Photo 4 shows the
stand perched on the trolley.

Photo 2. Boxes containing tray and stand
are secured to main case on pallet.
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Lifting

Machine tools are not the easiest items to
pick up and move around. Apart from being
heavy, (this one is about 220Kg (484Ib)
they are often top heavy and not fitted
with specific lifting points. It would

no doubt be possible to arrange

to lift by using ropes, but | tend to
avoid these if possible as it can be
tricky to get things to stay vertical,

and ropes have a tendency to slip

and change position. Two possible
pieces of lifting gear were considered,
a b00Kg lightweight fork lift, and the
engine lifting gantry. | chose the latter.
The next question was how and where to
attach the hook to the machine. The first
thought was to run a sling under the head,
but the length was not appropriate for

the available sling. The next avenue was
to make a lifting bracket which could be
clamped into the vertical column above
the head. Photo 5 shows this in place, and
photo 6 shows the component parts. One
bar was wrapped with masking tape to
avoid bruising the machine
slide. It was then

a simple matter to

lift and lower the

mill on to the stand.
During lifting, the table
was moved close to the
column so that the position
of the centre of gravity caused the
least amount of tilt. Photo 7 shows
the assembly. For anyone planning
to acquire one of these or other
mills, who may be unused to lifting
and moving such things, my advice
would be to make a lifting bracket and to
borrow or hire an engine lifting crane.

Photo 1.
WM-18
mill (photo
courtesy of
Warco).

Photo 3. Side and top removed from
packing case to reveal machine.

Photo 4. Stand and tray perched on
trolley for easy movement. Also visible
is the supplied toolbox.



Photo 5. Lifting bracket clamped to
machine column.

ata 7. Mill now located on stand.

Overview

Now that the mill was erected, it was
possible to take a closer look at some of the
features. One's view of machines, like cars,
is influenced by previous experience of
similar kit. In my case, prior to purchasing
a VIMC mill, | had owned a Naerok 350 mill/
drill which did sterling service for about

15 years. The WM-18 shows just how far
things have developed in the small mill
field. Gone is the round column, with the
attendant problem of maintaining head
alignment when raising or lowering. Now
we have a dovetail arrangement which
ensures that the head can be raised and
lowered without inconvenience. On the
transmission side, belts and pulleys have
given way to a variable speed d.c. motor
driving through a two speed gearbox. This
arrangement gives a speed range of about
50 to 2500 rpm, and delivers high torque at
low speeds.

You can keep track of the exact spindle
speed by observing the built in digital rev
counter, photo 8. A reversing switch is
included so it would be possible to
undertake tapping work, using the reverse
for withdrawal.

The head incorporates the 71mm travel
quill, which may be fed either by the
three spoke lever feed or by the fine feed
wheel mounted on the front face. To
eject standard tanged MT3 tooling, a
taper drift may be inserted through slots
in the quill.
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Photo 6. Detail of bracket - two plates,
tube, M16 screwed rod, washer and nut.

Additional built in features are the
interlocked chuck guard and the digital
depth gauge, photo 9, This latter would
seem to be a real potential time saver, as
for instance when counterboring holes, it
should be possible to lower the cutter to
touch, hit the zero button, then quickly drill
to depth. However, no mechanical depth
stop is fitted, so, on some occasions, you
do need to keep track of the numbers.

If one studies the catalogue carefully,
there are several instances where the
machine does not conform exactly to the
details given. This is because the brochure
went to press, based on the initial sample
machine. Changes for production were
made to the maximum speed (now about
2500 rpm) to improve the torque
characteristic, and to the draw bar which is
now not self ejecting. The actual travel
varies slightly from spec, exceeding the
brochure figures in X (30mm above) and
quill travel (21Tmm above).

The other major advance is the provision
of an inclinable head, which may be
moved up to 90 degrees either side of
vertical, allowing in effect, horizontal
milling work to be undertaken. The
general appearance is good, paint finish is

s .
Photo 8. With the spindle running, the
rev counter has large, clear numerals.

Photo 10. Aluminium handwheels
have clear indexable dials.

smooth and the aluminium handwheels
with clear indexable division rings, photo
10 give a quality feel.

When large movements are undertaken,
itis very easy to lose count of the turns of
the handwheel. Of course fitting a DRO
system eliminates this problem, and to get
around it, one modification to machines in
the past, was to add say a long steel rule to
the front face of the table. On the WM-18,
this has been taken care of at the factory,
and in addition to the X axis, photo 11 a
clear scale is also fitted to the column.
Study of the parts list and exploded
drawings shows that split nuts are fitted to
the leadscrews to allow adjustment for
wear in later life. Many of the working
surfaces appear to be ground, in addition
to which the X slide bore evidence of
scraping. Interestingly, at several positions
the parts are not just bolted, but bolted and
dowelled, thus ensuring that if dismantled,
the relative positions will be unchanged at
reassembly.

Accuracy

The machine is supplied with an
inspection report detailing a number of
checks on accuracy. | decided to attempt
to take a few measurements of my own
(albeit with rudimentary measuring kit)
and see how good the machine really is,
and whether the report might be relied
upon. | recalled that on my 1980°s Naerok,
the leadscrew pitch error was around

1.5 thous per inch. A simplistic set up to
check the X axis screw can be seen in
photo 12. A Mitutoyo digital calliper was
laid on an inverted vee block, measuring
over the chuck and an upstanding column,
the two being positioned in alignment by
adjusting the Y axis. Both the handwheel
scale and the calliper were zeroed and
then the table wound along in 10mm
increments. The calliper reads to 0.01mm,
however no measurable deviation was
found over a range of some 200mm.

T.Tfw

Photo 9. Detail of front of head showing
built in DRO and to the right, the fine
feed wheel for quill movement.

Photo 11. Scales are fitted to the front of
the table and the side of the column.
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One of the requirements of any mill is to
be able to machine features square to one
another. It is therefore paramount that the
X and Y axes should be at 90 degrees
within a tight tolerance. The vee block was
clamped to the table, and one edge
clocked parallel to it. The clock stylus was
then set against the perpendicular side,
and traversed using the Y axis, photo 13.
Although the inspection report gave a
deviation of 0.02mm owver 150mm, | was
unable to measure any error. The block
was flipped over and the check repeated in
case of a compensating error in the block.

My final accuracy check concerned the
head alignment. As noted above, the head
may be adjusted for inclination sideways,
but is fixed fore and aft. The clock was
fixed in the spindle and then set down on
the surface of the table at two positions,
directly towards and away from the
operator. Here | was able to detect a very
slight deviation (about a thou or 0.0256mm
over the width of the table) but again, this
was less than the figure given in the report
(0.04mm). | think that others will agree
that these results are impressive for a
machine aimed at an amateur market. At
this point there will be those readers who
assume with that scepticism which comes
with advancing years, that thiswas a
machine either carefully selected or
prepared in advance of the review
exercise. In fact, when | queried this point
with Warco, it was confirmed that this was
not the case.

In use

As a quick initial exercise, | produced a
twelve inch mill setting aid which would
double as a ten inch sine bar. This entailed
drilling a couple of holes pitched ten
inches (254mm) apart, then truing the
edges to be parallel with the hole centres.
It occurred to me later that the second op
could have been carried out at the same
setting as the first, if the spacing bars had
either been positioned clear of the cutter
path, or designated as sacrificial. However
| had already chosen to do this by setting
the work on edge and shaving with the
end of a slot drill.

When drilling using the lever feed, | felt
that longer handles would have been
better, but the size appears to have been
chosen so that the handles do not project
downwards unduly below the head. In fact
it proved easy to apply extra force by
using two hands on two handles. Once
set, the spindle speed proved remarkable
stable, dropping only about 5rpm when
the load was applied when drilling at
around 400rpm.

A second exercise was set up using a fly
cutter. Fly cutting may be a less popular
method of creating flat surfaces since
authors such as Harold Hall have pointed
out that taking several cuts with a smaller
diameter end mill can give a surface with
less deviation from ideal flatness. Fly
cutting can also be a fairly severe test of a
machine as it requires a low spindle speed
and relatively high torque, and generates
cutting force once per revolution. On some
other machines, the high torque has given
rise to belt slip, and on others, harsh
mechanical noise comes from the spindle
splines as the cut commences.

| used a fly cutter made in the 70's for
milling in the lathe, which has
subsequently seen service on a variety of
small mills. The cutter is a regular turning
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Photo 12. Set up to asass leadscrew
accuracy.

Photo 14.Flycutting in progress.

tool and was set to give a cut diameter of
about three inches. Here the work was a
sample block of mild steel with a top face
measuring about 3 by 1.25 inches (75 by
32mm). The drive was set in low gear, and
the speed set to about 100 rpm. As the cut
proceeded, soluble coolant was applied by
brush, and the handwheel turned to a
guesstimated feed of about three thous
(0.08mm) per cut. | was pleasantly
surprised at the lack of mechanical spline
noise, and at the very small change in
speed, also the near absence of gear
noise. By increasing the feed it was
possible to cause slight vibration in the
sheet metal tray/stand, but this was not
felt on the main machine structure. Photo
14 shows the job in progress. No doubt a
more consistent finish might have been
obtained had the phone not rung during
the operation.

Picking up on the point touched on earlier
concerning the table headroom, photo 15
illustrates just how much flexibility arises
from this. A Warco supplied Vertex BS-0
dividing head has been fitted with a four
jaw chuck, mounted on the table, then
swung 90 degrees to bring its axis vertical.
A drill chuck had been fitted to the mill
spindle, and into the chuck, a standard
13mm jobber drill. In the past, for dividing
work, my first purchase was a rotary table,
which occupied much less vertical height,
but which would normally be mounted
either horizontally or vertically. The
dividing head gives the added possibility of
setting to any chosen angle. If you start
with a WM-18, the space available would
allow you to choose a dividing head as
your primary means of division.

Criticisms

The length of the down feed handles
was commented on earlier, however one
can either use two hands or apply feed
with the fine feed wheel. The spindle
taper is MT3, and certainly this allows

e~

Photo 13. erpandiculan’ty of Xand Y
was investigated by clocking along sides
of Vee block.

Photo 15. A tall set up, still room to work
and the head could rise further.

substantial and readily available tooling
to be employed. However, my personal
preference here would be R8, which |
find is generally quicker and easier to
change. For a machine which is “driven”
only by its owner, this is not such an
issue. However in the case of a machine
destined for a club workshop, it is too
easy for an inexperienced member to
overtighten a drawbar such that attention
‘with a large hammer is needed to release
the tooling.

One accessory, which would be a real
boon, given the size of the table and
travel, is a power feed. This is not
currently available, but | understand that it
is being pursued by Warco. Over the
years, numerous designs for power
traverse devices have been published in
MEW, some using automotive windscreen
wiper motors, or stepper motors. If any
reader has devised a device to fit the
WM18, then it is likely that our editor
would like to hear about it.

Conclusion

The criticisms noted are pretty minor, and
overall | rate this as a very competent
machine. The travel envelope and power
available should make it ideally suited

to larger size work such as 7%in. gauge
locomotives and the level of precision is at
least as good as is claimed. B
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AN INTRODUCTION

Donald Brymer continues his look
at dividing and the dividing head.

Differential indexing

In the previous article direct and simple
indexing have been discussed. In this
article differential indexing will be
explained using a standard 40;1 dividing
head, standard indexing plates and
standard change gears.

Differential indexing permits a wide
range of divisions to be indexed that
cannot be obtained using simple
indexing. When differential indexing, the
actual dividing operation is performed as
in simple indexing but the difference is
that the indexing plate revolves when the
indexing crank is revolved. The
movement of the indexing plate may be
in the same direction as the indexing
crank or opposed to it. This movement is
dependant on the change gear train that
is set up to join the dividing head main
spindle and the auxiliary shaft that is
connected to the indexing plate drive and
the internal gearing of the dividing head.
See Fig. 1.

Principle of

differential indexing

Indexing plate revolving in the same
direction as the indexing crank

Unlock the dividing head indexing plate
locking mechanism. Should a gear train
‘with equally toothed driver and follower
gears (overall ratio 1:1) and a suitable
idler be attached to the dividing head
main spindle and the auxiliary shaft and
the indexing crank rotated 40 turns, the
indexing plate will revolve one turn.
Therefore, one turn of the indexing crank
will rotate the indexing plate Yioth of a
turn from the plates original position.
The indexing movement is therefore 1
and Yaoth of a turn to locate the indexing
pin into the original hole. This indexing
movement will produce 39 divisions to be
indexed for 40 completed revolutions of
the indexing crank. See Fig. 2.

TO MILLING O

Indexing plate revolving in the opposite
direction as the indexing crank

Should another idler now be introduced
to the change gear train to change
direction of the indexing plate the
indexing crank pin will come to the
original hole Yath of a turn less than

a full turn. This action will produce 41
divisions to be indexed for 40 completed
revolutions of the indexing crank. See
Fig. 3.

The movement between the indexing
plate and indexing crank is referred to as
the differential action as it is the combined
action of two combined actions.

Photo 1. Setup of milling machine for 127 tooth gear curl‘ng.

Fig. 1

FIRST
DRIVER

INDEXING /
/HCRANKTO |
%% WORM DRIVE /

/ /

INDEXING
GRANK

PLATE
FOLLOWER
. o GEAR UNLOCKED
Typical dividing head
gearing arrangement.
26

Practical example

Required to cut a 127 tooth gear for use as
a back gear for a centre lathe. Equipment
available; 40:1 dividing head, standard
change gears 24, 24, 28, 32, 40, 44, 48,

56, 64, 72, 86 and 100, Brown and Sharpe
indexing plates 15, 16, 17, 18, 19, 20, 21,
23, 27,29, 31, 33, 37, 39 41, 43, 47 and 49.

Prior to setting up the milling machine
and calculating the gear train consider the
following;

= Determine the required movement of the
indexing crank as for simple indexing.

= Calculate the change gears for the
indexing movement required.

s Determine the direction in which the
indexing plate should move.

Determine the movement

of the indexing crank

Select a division number that is within
10% if possible of the number of divisions
required. This will keep the gear ratio
within reasonable limits and help to
factorise the selected number into the
available change gears.

Required number of divisions = 127;
Selected number of divisions = 120.

Indexing movement by simple indexing is;

dividing head ratio

Turns =
selected number of divisions
T r 1
120 3

therefore use 9 spaces an a 27 hole plate
or equivalent ratio. This will introduce an

Model Engineers’ Workshop



Fig. 2
POSITION OF POSITION OF PIN 1
PIN 1 AT START AFTER INDEXING
OF INDEXING MOVEMENT

PLATE & CRANK ROTATE IN
THE SAME DIRECTION

et

Indexing plate and crank
rotating in the same direction.

Fig. 3

POSITION OF PIN 1 AT
START OF INDEXING

POSITION OF PIN 1
AFTER INDEXING
MOVEMENT —___

PLATE & CRANK OPPOSITE
ROTATION

Indexing plate and crank

rotating in opposite directions.

error that is corrected by the movement of
the indexing plate.

Determine the change gear
for the movement
Gear train formula;

of plate movement

Drivers ratio

Followers  selected number

(selected number - required number)

D

i 0 o Do L IED o
F 120 F 3" 1'F

1

W

factorise the gear ratio to a suitable

equivalent ratio that will suit the available direction.

Therefore the driving gear attached to

the worm wheel extension spindle has
56 teeth, while the gear attached to the
auxiliary shaft will have 24 teeth.

Determine the direction

Note that the 56 in the ratio has

a negative sign, this is due to the
selected number being smaller than

the required number and indicates that
the indexing plate must move in the
opposite direction to the indexing crank.
If the selected number is larger than

the number required the movement

of the plate and crank are in the same

shows the driver, follower and two idlers to
reverse the direction of the indexing plate.

Whenever possible the indexing plate
movement that opposes the indexing
crank rotation is chosen as this movement
eliminates any backlash that will be
evident when both move in the same
direction.

Checking the calculations

The accuracy of the calculations should
he checked prior to mounting any of the
calculated change gears by transposing
the formula to make the number required
the subject of the formula. This ensures
that the correct gears have been selected
and that the gears are in the correct

change gears. Photo 1 shows the machine setup to mill positions.
the 127 tooth gear. The gears being
D_7,8.D_:56 attached to the quadrant arm that clamps D
F 3 8F 24 to the auxiliary shaft housing. Photo 2 56 _ 40 (120-N) becomes
24 120
N = 120—[ﬁx @}N =120-(-7)
24 40

6 TOOTH
DRIVER

Photo 2. Details of the change gears to cut 127 tooth gear.
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therefore N = 127 teeth.

Now that the machine has been setup,
remember to test the indexing movement
by test nicking the gear blank to ensure
that the first and last indexing positions
are in the same position.

Further points of differential indexing are;

+ Make sure that the indexing plate lock is
unlocked before indexing.

» Differential indexing cannot be used if
the dividing head is set at an angle to the
machine table.

« Differential indexing and helical milling
cannot be done at the same time.

« Keep the change gear sizes as small as
possible to aid the limited space on the
quadrant arm.

« Lists of change gears for many prime
number divisions are available in many
engineering handbooks. B
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A DIVIDING HEAD
FOR THE MINI LATHE

Dave Fenner adds a versatile accessory to the Mini-Lathe.

Background

An earlier article described a Mini Lathe
headstock dividing attachment, which could
be used to index work held in the spindle
chuck. This in turn was employed to create
the divisions on handwheels, and could

be used in conjunction with the guided
centre punch or powered toolpost spindle.
However if we are to perform dividing
functions on separately held work, using the
headstock spindle as the tool driver, then a
different approach is required.

My first thought was to look at the
dividing head designs presented by Harold
Hall. However, these lend themselves
more to applications where there is a
milling machine table for mounting. The
concept then examined was one familiar
to model engineers for the last fifty years
or so, in the beautifully executed dividing
head made by Myford for use with the
Seven series lathes. It is also noted that
Hemingway kits have resurrected a
conceptually similar device designed by
Westbury, and marketed by them as kit
number HK2130/5.

F

Photo 1. Body ateria! held in four jaw chuck for facing.
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As the Mini Lathe is considerable lighter
than a Myford, the primary aim was to
produce something smaller, and the
secondary to employ stock materials thus
avoiding the complexity of pattern making
and the cost of castings. One of the first
decisions to be made concerned the
manner of work holding. Given that parts
made on these lathes are likely to be
small, the ER 20 collet nose was selected
as this series would allow work of up to
13mm diameter to be gripped.

This dividing device can be made in two
ways, the simple where direct division is
accomplished by a plunger acting on
suitable lathe change wheels, or the more
complex version where a wormwheel and
division plates are added. This article
deals with the simple version,
consideration will be given to the worm
type design at a |later date.

On the metric machine the supplied
change wheels include 30, 35, 40, 50, 60,
and 80 teeth. Thus divisions of 3, 4, 5, 6,
7,8,10,12, 15, 20, 25, 30, 35, 40, 50, 60,
and 80 will be directly available. The

Photo 2. Work held on the saddle, pressure applied from the tailstock.

= - - —
Rl b
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imperial version of the lathe comes with
wheels having tooth numbers which
include 30, 35, 40, 45, 50, 55, 57, 60 and
65. Thus the additional factors of 9, 11,
and 19 become possible.

In both of these cases, the figures above
result when using a “single point” plunger
which engages in the valley between two
teeth. If a “split point” plunger is fitted, as
advocated by Harold Hall, then it becomes
possible to double up on each of the
division factors. (The plunger point is
designed with a tooth shaped cutout, so
that when rotated 90 degrees, it locates
over one tooth instead of between two.)
Should owners of either metric or imperial
machines require additional change
wheels, then these are readily available at
a modest cost from Arc Euro Trade.

The initial intention was to mount the
head directly in place of the topslide.
However, once tried, it was clear that there
would be benefit in allowing the assembly
to move towards the operator. This gave
rise to the baseplate - pillar combination
now proposed. Two main mounting
arrangements are offered. The first locates
the dividing head in place of the topslide,
and sets its axis at lathe centre height. The

" .
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MOTES: DRILL AND REAM 16MM AND 14MM DIA HOLES
FOUR FOR CLAMP BOLTS ARE TAPPED THROUGH,
DRILLED & DIA TO SLOT AND COUNTIERBORED 10 DIA X & DEEP

SOME HIDIDEN DETAIL OMITTED

Fig. 1 Body Mild Steel

second makes use of the vertical slide with
or without the milling sub table described
in MEW issue 136. This would allow the
axis to be raised, lowered and inclined in
two planes, allowing operations such as
gear cutting.

Manufacture

Because one or two of the parts are quite
chunky, my recommendation would be

to use larger machinery if it is available,
say through your model engineering
society or technical college. Nevertheless,
| believe that the various components

can be produced on a Mini Lathe, and
have included photos of some setups to
illustrate. Howevwver, while time may not be
maoney, it is however increasingly precious
and hence | have used the heavier
equipment available to me to speed up
proceedings. The Mini-Lathe was also kept
clear of work to permit frequent checks on
fitting the dividing head to the machine as
work progressed.

Main Body (Fig. 1)

My initial inclination was to use a slab of
aluminium, as it is easier to machine and
while less rigid than steel, would be quite
satisfactory here. Unfortunately the piece
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available was just not large enough. The
material then chosen was a length of mild
steel flat bar 2.5in. by 1.25in (63.5mm x
31.75mm} cut and squared off to a length
of 76mm. The most important aspects

of this part are the two hores which will
house the spindle and the steady arm.
Care should be taken to ensure that they
are parallel, at the correct spacing and
held close to size. Ironically, the size
question is more important for the steady
arm which is made from stock material. If
the bore for the spindle comes in on the
large size, then simply turn the spindle
location diameter to suit.

Two sets of holes have been shown for
the location bolts (M6 screwed rod) The
first set was drilled roughly central for
appearance, then after roughly setting in
position on the Mini Lathe it was decided
to add a second set to allow the assembly
to be moved farther from the centreline. A
later addition was the baseplate which
allowed considerably greater movement.

Photo 1 shows that it is possible to hold
this chunk of metal in the four jaw chuck,
and photo 2 (the material has now been
scrubbed up) illustrates a set up for
drilling the two major holes, pressure
being applied via a block of wood from the
tailstock. However, | opted to deal with
these operations on the mill, drilling as in
photo 3 followed by reaming, photo 4.

The positions for the four clamp bolts
were drilled through tapping size (5mm)
then counterbored 10mm diameterto a
depth of 6Bmm to accommodate the heads
of the M6 socket head capscrews.

The two slots were then cut with a
slitting saw, photo 5. Following this, the
holes were opened out to Bmm down to
the slot. (It would probably be more
efficient to do the opening out at the
earlier setting, but then needs reasonably
careful attention to the depth. By drilling

down to the slot it is easy to feel when the
correct depth is achieved. Two drilled and
tapped holes are required to locate the
plunger support pillar. It will depend on
the equipment and methods available to
you, whether these are covered at this
stage, or more easily spotted through after
the mating part is made.

Spindle (Fig. 2)

As noted above, | had chosen to adopt
the ER 20 fitting for workholding, and
accordingly purchased a 10mm collet
and a commercial closing nut. The nuts
can be obtained quite cheaply, come
with the internal extraction ring, and are
hardened. It is really not worth the bother
of making one.

Working with a length of 32mm free
cutting steel bar, as a first stage, |
machined the features for the collet
housing (8 degree half angle) taking this
out so that the extraction groove of the
uncompressed collet stood out from the
housing by about 4mm, photo 6.
Trigonometry showed that this should be
about the right allowance for the Tmm
collapse on diameter. This was followed
by cutting the M25 x 1.5 thread to match
the purchased nut.

Purists would probably prefer to finish
turn between centres. However, having
established, photo 7 that the outer
diameter of the nut {tightened with a
10mm drill in the collet) showed negligible
deviation on the DTI, | reckoned that if the
work was centred using the Colchester
collet, then the overall accuracy would be
more than acceptable. Photo 8 shows the
start of work on the main length of the
spindle. The nut has been gripped and
accurately centred in the four jaw chuck.
After dealing with the remaining turned
features, the work was transferred to the
mill, photo 9 to cut the 3mm keyway.

Photo 6. Collet is tried for size, about 4mm projection to the
extraction groove.
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Photo 9. Cutting the 3mm keyway in the spindle.

Photo 11. Commencing the part off operation on the spacer.

DRILL & TAP M3 FOR GRUBSCREW
6.3

]

\
TAP M14 X1.25

225.0

DRILL M3 FOR
TOMMY BAR

Fig. 3 Adjuster Nut Steel
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Photo 8. ....but was still gripped in the four jaw
chuck and the work clocked.

Adjuster nut (Fig. 3)

A short length of steel bar (256mm diameter
was bored 12.8mm diameter then parted
off, photo 10 and faced to a thickness of
about 6.3mm. It was then nipped in the
chuck, squared up, gripped firmly and
tapped M14 x 1.25. This gave a reasonably
fine thread for adjustment purposes. The
work was then taken to the mill to add the
holes for the grubscrew and tommy bar.

Spacer and washer (Fig. 4)
A spacer is fitted which abuts the adjuster
nut, covers the end of the thread and

)

Photo 12. The finished steady bracket.

provides a reasonable area of face in
contact with the division gear. 22mm
diameter bar was used and it is a simple
matter of turning, facing, drilling through,
counterboring and parting off, photo 11. A
thick washer cut from 16mm bar, is placed
under the countersunk gear retaining
screw, and its manufacture needs no
detailed comment.

Steady bracket (Fig. 5)

Here a piece of 20mm x 30mm bright
mild steel was sawn to a length of
66mm, then drilled 14mm and drilled and

Model Engineers’ Workshop
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Photo 13. Adjuster screw on right shown
with the two screwed rods.

tapped M8. Here it is important to have
these two features parallel and spaced
accurately to match the bore spacing in
the body. As with the body, the work is
slotted, using a 1.5mm slitting saw, then
drilled, tapped and counterbored for the
M6 clamp screw. The completed part is
shown in photo 12.

Adjuster screw (Fig. 6)

This part is intended to screw into the
steady bracket and give a form of “tailstock”
support to long slender items. Mine was
made in the simplest possible manner by
using a length of M8 mild steel screwed rod,
turning one end to a sixty degree point, then
Loctiting on a knob turned from a piece of
16mm hex brass with a matching tapped

Photo 14. Head assembly fitted
with forty tooth gear.

hole. The completed part is shown in photo
13 alongside two 80mm lengths of M6
screwed rod used to hold the dividing head
down to the saddle.

Plunger sub-assembly

(Fig. 7, 8and 9)

The three parts here are those used

for the headstock dividing attachment
described in MEW issue 135. Accordingly
the drawings are reproduced here, but
the description is not repeated. The
spring used was as follows: OD 5.5mm,
wire diameter 0.6mm, free length 32mm,
compressed (coil bound) length 12mm.
The plunger arrangement may be seen in
photo 14 which shows the head assembly
off the machine.

2.0

SPACER STEEL

e

@5.0

WASHER

@10.0

Fig. 4 Spacer and Washer

Plunger support pillar (Fig. 10

A piece of 16mm x 8mm aluminium

flat was cut to a length of 101mm. It

then requires a total of eight holes. Two
are drilled and countersunk to take the
attachment screws, and it may be that you
use these to position the mating tapped
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/ m4.ux 200 "o0]
/ a0y
2 |y : i L|"|J
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Fig. 13 Clamp Disc Steel

holes in the body. Six further holes are
indicated, these being drilled and tapped
M3 to give three positions for the plunger
assembly so that it can engage with
different sizes of gear. The positions given
are those measured after construction,
however the manner of their location was
simply to fit different gears, place the
plunger where it looked right, and mark
through. The part may be seen in position
in photo 14.

Spacer plate (Fig. 11)

This part functions simply to bring the
plunger detent roughly to the centre of the
gear teeth, and was made from a small
piece of aluminium flat, 5mm thick. The
thickness does not need to be exact, check
on the job, but | expect anything between
about 4mm and 6.35mm would suffice.
The important points are the two holes
drilled at 20mm spacing. Again if your
pitching is not accurate then just open up

the holes a few thous. It may also be seen
between the support pillar and the plunger
body in photo 14.

Steady Arm

This part is not drawn, being a piece of
T4mm bright bar cut and faced to my
chosen length of 250mm. Others may
choose to go shorter or longer depending
on the applications envisaged.

Base plate (Fig. 12)
A length of bright flat steel 63.5mm x
9.5mm was cut to a length of 96mm.
The two countersunk holes are designed
to accommodate M6 screws which
attach the assembly to the existing
topslide mounting in the saddle, while
the three 5mm holes match those in the
milling sub table. These features are all
straightforward work.

Itis also bored 40mm and counterbored
46mm using the four jaw chuck in the

i

Photo 17. Facing the upstand.
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Photo 16. Completed baseplate.

lathe, photo 15 to accept the clamp disc.
Great accuracy is not needed, but care
should be taken that the disc is then made
to fit. The completed plate is shown in
photo 16.

Clamp disc (Fig. 13)

If the clamping action is to function
correctly, then some care does need

to be taken here. When fitted, both of

its surfaces should lie under flush with
reference to the base plate. Thus the
overall thickness is given as 9.2mm and
the spigot depth as 4mm (compared with
9.5mm and 4.7mm on the plate) To make
the part a slice of 2 inch diameter free
cutting steel bar was turned down and
faced. Taking the shoulder line slightly
off centre gave a little extra meat for the
chuck to grip. The fit and depth were
checked against the plate. Whilst in the
lathe, the central 8mm hole was also
drilled. The part was then taken to the

‘iI ;

Photo 18. m ad 15 .used to find the datum.
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and in turn to the vertical slide.

mill, where the 8mm hole was used as a
datum to set the positions for the two M6
tapped holes.

Upstand (Fig. 14)

As noted previously the original intention
was that this should be the sole means
of support on the saddle, but a rethink
introduced the baseplate. If you choose
to follow my suggestion here, then the
axial length of the upstand is set so that
when assembled on the saddle, the axis
of the dividing head is level with the lathe
centre height. This can be achieved either
by careful measurement of the parts

and the lathe, or as in my case (because

| had already made the part before the
baseplate was considered) by making it
slightly long, assembling on the machine,

Photo 21. In this view the head is attached to the milling sub plate

S
0500+ /@385
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(=L )
6.0 - w©
= o HiE
6.0+ |- 98.0 26.0 @

RECESS TURNED IN EACH END 3.5 DIA. 0.3 DEEP

Fig. 14 Upstand Steel
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Photo 20. Here the head is bolted down to the saddle in place of
the topslide. Although shown at right angles to the machine bed

.

it may be rotated about a vertical axis. The head axis is at lathe

centre height.

Rl Photo 22. The head is now clamped (with pro
the vice on the vertical slide, This arrangement and that in photo

tective packing) by

21 permit rotation about both horizontal and vertical axes.

and taking height measurements to 10mm
tools held in the dividing head and in the
tailstock. As is shown on the drawing, the
correct size for my set up was 31.Tmm but
do check on the job.

You may also consider an alternative
approach by making the baseplate, clamp
disc and upstand first, then positioning the
bores in the body, after trial assembly.

Making the part was a case of using the
lathe to clean up a piece of bar, photo 17
then dealing with the other turned features
before transferring to the mill using the
same datum method as on the clamp disc,
photo 18 to add the 6mm holes. Shallow
recesses are specified at both ends to
ensure that when clamped up, the parts
locate squarely. Photo 19 illustrates the
completed upstand and clamp disc.

Operation
The final three photos endeavour to show
ways in which the dividing head may be
rigged on the Mini-Lathe. In photo 20,
the base plate is bolted down in place of
the top slide, using two countersunk M6
Allen screws of overall length 19mm. In
this arrangement, the head centreline is
automatically at lathe centre height, and
the head may be rotated on two vertical
axes, that of the absent topslide, and the
centreline of the upstand.

The wertical slide and milling sub table
are employed in phote 21, where the head

is again held by the baseplate, this time
bolted to the sub table by three M5
screws. Photo 22 shows a simpler
arrangement where the hody of the
dividing head is located directly in the
vertical slide, packing being added to
protect the surface. Do though note that in
this set up, the steady arm should be fitted
to ensure rigid clamping. Here the head
may be rotated on the horizontal and
vertical axes afforded by the vertical slide,
with a third (horizontal) axis (upstand)
being available in photo 21.

Further work

At the outset, | envisaged this device
astaking two formats, the simple, as
described here using direct division from
available change wheels, and the more
complex using a worm gear arrangement
with division plates and sector arms

to achieve difficult numbers. For this
exercise, a suitable worm is available at
modest cost from HPC Gears.

However, it also occurs to me that for
many, the Mini-Lathes will represent an
initial foray into the world of model
engineering, and given the variety of
numbers available from standard
changewheels, the ability to crack difficult
division may have limited interest. Any
feedback from readers to indicate the
popularity or otherwise of the added
development would be most welcome. l
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CHOOSING AND ASSESSING
A MILLING MACHINE

Dave Fenner looks at buying a milling machine

A . y Dl
Photo 1. Matchmaker, though CNC, shows
typical industrial vertical mill construction.

f you follow in the well trodden footsteps

of previous generations of model

engineers, a milling machine is unlikely

to be your first foray into the world

of machine tools. It is most probable
that you have already invested in a lathe,
possibly a pillar drill, and a bench grinder.

The process of choosing may well be an
extension of that for the lathe, except that
part of the thinking has already been done,
particularly where size is concerned.

Nowadays, there is a bewildering choice
of imported machines from various
sources, ranging from small mill/drills to
Bridgeport look alikes. If we cast our minds
back to an earlier era, our choice was very
much more limited. Going back to about
1978, having earlier acquired a very second
hand ML7 lathe, | was offered a small
horizontal mill which | think was badged
“Bonds of Euston Road”. It was a very
basic machine having a horizontal No. 2
Morse taper spindle, running in plain
bearings and transmission which used a
three speed motorcycle gear box; definitely
a rudimentary piece of kit, but nevertheless
useful. Other machines followed, several of
which used bike gearboxes, then a Centec
of which more later.

In general, a mill will be fitted with a
cutter which rotates against the work
which is fed into the cutter.

For operations other than drilling and
sawing, this implies interrupted cutting. To
mitigate the vibration that might result,
milling machines, even small ones tend to
be heavy beasts and when mounted on a
stand are naturally top heavy, raising
safety implications when moving and
handling. Larger industrial machines may
also exhibit this top heaviness. On one
occasion, when trying to move my
Matchmaker mill (approx 1.5 tons) on a

Photo 2. VMC mill, Myford variety with
low speed conversion and digital readout
on two axes.

narrow pallet truck, it started to topple.
Fortunately it was restrained by the close
proximity of the workshop stone wall.
Nevertheless, it became quite an exercise
to restore it to verticality.

Catalogue information

The catalogue data for mills will often
give table size, table travel X and Y, quill
movement Z1, and perhaps head or knee
movement Z2, with some indication of
the maximum height of work that can

be accommodated beneath the spindle.
Note though that this dimension will be
modified by the tooling fitted. The quill
travel will determine the maximum depth
of hole that can be drilled or bored without
moving the head or the knee.

Also given will be the motor power, and
the range of speeds. Of these two factors,
for model making, motor power is less
likely to be an issue than speed. | see that
modern VMC type mills may be fitted with
motors of 1.5hp. My own early (Myford)
version makes do with 1/2hp, and | have
not found power to be a problem.
Conversely, the standard minimum speed
(160 rpm) is too high for six inch slitting
saws, and hence | have added a low speed
belt conversion going down to 40 rpm.

Machine styles

If we look first at the development of
industrial machinery, early mills tended
to be either horizontal or vertical. A
horizontal mill would typically be fitted
with a long arbor carrying one or more
cutters, and thus be able to cut one or
more slots or a broad flat surface in the
work, in one pass. This type of arbor
would be supported at the outer end in a
bearing carried by the overarm. A short
arbor could also be used, so that an end

mill could be fitted pointing towards the
operator, however this form of set up
raises the disadvantages of loss of table
travel and difficulty of viewing the work.
The table would be carried on a knee, and
vertical feed would be by moving

the knee.

In the case of a vertical mill, the vertical
spindle axis makes it very much easier to
see what is going on when drilling etc. The
Matchmaker, photo 1 although a CNC
machine, shows the typical construction
style of a vertical mill.

In both of these cases, the relative angles
of the machine are fixed at 90 degrees.
The first variation on the theme occurs
when (usually on a horizontal mill) the
table is permitted to swing, so that the X
travel may not be at right angles to the
spindle axis. | have seen this feature
employed for spiral gear hobhing set ups.

Next is the facility to incline the head on
a vertical type. Over recent years, this has
become a much more popular feature on
small mills. In industry, it may well have
started with Bridgeport, where the head
may be inclined in two planes, sideways
and fore/aft, as viewed by the operator. In
the case of industrial equipment, a worm
and wheel mechanism is usually added,
which gives the required control to
accurately position the heavy weight
involved. A further Bridgeport nicety, also
found an some other turret mills, is the
ability to swing the entire head around on
a vertical axis, also to move its ram
mounting to effectively increase the
effective Y travel of the machine, or indeed
to move the spindle axis completely clear
of the table.

Again in the case of the Bridgeport, the
table is mounted on a knee, and thus two
increments of vertical feed may be
applied; that via the quill, and that via the
knee. The smaller VMC machines also fall
into this category, photo 2.

Older machines of smaller size tend to be
less plentiful than lathes. Certainly, if one
looks at Tony Griffiths excellent website
www.lathes.co.uk it is clear that there
have been many manufacturers of mills,
but it is likely that being intended for tool
room use, prices were high and
production volumes consequently low.
One make that does crop up from time to
time is the Centec, of which several
varieties may be found. If my
understanding is correct, the basic
machine was a horizontal mill but vertical
heads were also available. | have some
knowledge of two examples. The first
came to me around 1979, and had a
vertical head with fixed spindle (i.e. no
quill feed). Vertical feed was thus by
means of the knee, and control of this was
by means of a long lever at the rear of the
machine. Although somewhat Heath
Robinson in appearance and action, it was
possible to make accurate vertical feed
increments by careful use of the vertical
stops. Transmission was by belts and
pulleys. The availability of both horizontal
and vertical spindles was occasionally
useful for fly cutting two surfaces at right



Photo 3. Part of th Naerok
head is visible here.

angles. The second machine was a
horizontal, passed to our club by a local
works, and here the vertical movement
was controlled by a calibrated worm drive.
Transmission, | believe, was by gears, and
a power table feed was fitted. In both
cases, the spindle was equipped with a
No.2 Morse taper socket. Editor’s note:
The Centec was available with a vertical
head and quill feed.

During the 1980's small bench mounted
mill/drills became available at affordable
prices. In my case, the Centec gave way to
a Naerok 350, photos 3 and 4 which was
equipped with a THP motor and an R8
spindle. Being a round column machine, it
meant that if the head was raised or
lowered, its angular position would be
lost, with implications for the next
operation. Over the years, a number of
methods have been described to get
around the difficulty, including some
which rely on a key arrangement, and
others which employ laser alignment. The
paint finish on this machine may be
contrasted with that on current machines,
indicating the advances by far eastern
manufacturers.

Several designs have come to the market
in recent years, where the round column
has been replaced by a sliding dovetail
arrangement for the head movement. This
now means that it can be raised or lowered
at will without loss of registration. At the
time of writing, machines such as the Warco
WM18 in photo 5, the Arc Euro Trade X3,
photo 6 and the Chester Commodore, are
typical of this style of machine.

Spindle Type

| mentioned that the Centec spindle
featured a No2 Morse taper (MT2), and

of course these tapers are noted for their
self locking characteristics. With my own
machine, | was careful to add a smear of
grease to the shanks of tooling, and avoid
over tightening the drawbar. In the case
of the club machine, however, | recall
more than one occasion where heavy
blows were needed to release the arbor.
Morse tapers, often No 3, are very popular
amongst the modern small mills, but here
| have to express a personal preference
for R8. This is typically associated with

Photo 5. Warco WM 18 features
dovetailed column, inclinable head
and variable speed.

Bridgeport, but in terms of size is close to
MT3, and is often offered as an alternative.
The R8 exhibits only a slight self locking
tendency and the drive is augmented by a
keyway. On releasing the drawbar, only a
light tap is required to eject the tooling. My
gut feel is that this must be better for the
bearings. Photo 7 illustrates an R8 Clarkson
style milling chuck and an R8 collet.

Other spindle ty pes which may be
encountered include the INT 30 and 40
types, photo 8. Tooling is located in a non
self locking taper (3.5in to the foot) the
drive being augmented by two pegs. In the
past | have come across INT 40 tooling
tapped for either % or 16mm drawbars. My
agricultural style work around was to warm
up and temper the extremity of each arbor,
then run in a M16 tap to give a common
standard. INT 40 tooling is normally
associated with relatively heavyweight
machinery such as the Beaver mill - a bit
bigger than a Bridgeport with a five foot

Photo 6. X3 from Arc Euro Trade
has a fixed head, a dovetailed
column and variable speed.

Photo 7. R8 Clarkson Milling chuck above,
and collet below.

Photo 8. An INT 30 adapter (left) shown
with two INT 40 arbors carrying drill
chuck and face mill.



Photo 9. Six inch slitting saw and fly cutter.

table. It is also the standard used on my
CNC Matchmaker mill.

| am lead to believe that the small Emco
milling machines aimed at the hobby user
have typically featured MT2 spindles,
however | have seen a small CNC Emco
machine which was fitted with what
appeared to be a quick change “INT 30"
taper using a pull stud lock system. This
gave not only the obvious advantage of
quick and convenient tool changing, but it
was also apparent that due to the greater
angle of the taper, the tool did not heed to
be drawn out as far axially before it could
be moved sideways to clear the work.

Speed Range

Because the cutter radius may vary
widely; from small drills and disposable
FC3 end mills to larger end mills and
even larger fly cutters and slitting saws,
a wide speed range is a desirable feature.
Technical developments in cutters

are accentuating this. While for high
production purposes, an industrial user
may choose a fairly restricted range of
cutter sizes, the typical amateur may
wish to cater for more variety. You might
wish to run a slitting saw or fly cutter,
photo 9 at 60 rpm or even less, while
the trend particularly in CNC circles
seems to be for smaller cutters running
faster. Most small machines | have come
across have top speeds of around 2500
to 3000 rpm, which is fine for small HSS
FC3 cutters. However, a modern carbide
bit of say 1.5mm diameter could be run
considerably faster. Photo 10 shows
each of these for comparison. Modern
industrial CNC machining centres may
offer up to 30,000 rpm.

What to spend
A quick look back at classified ads
suggests that in the amateur sector, there
are far fewer mills offered for sale than
lathes. The smaller size mills which | have
owned over the years, have all been items
heard about locally, and chased up quickly.
Selling on the machine, which has become
displaced by the trade up has on each
occasion been a swift matter either using
the club grapevine or local classifieds.
Going back thirty odd years, the prices
paid were under £100 pounds for the
rudimentary machines up to over £200 for
the Centec. At around that time a new VMC
style mill was bought by a fellow club
member, and the price as | recall was about

£1250 (the current price of a new Warco
WM-18). Today, a new VMC can be
purchased for around £1500 and for
comparison, my own example was
acquired second hand with some extras for
a little under £1000 several years ago. A
budget of about half that amount should
find a good second hand example of one of
the popular bench mounted mill/drills.

Lighter weight machines for small scale
working, are of course considerably less
expensive. At the budget end, the range
from Arc Euro Trade starts with their X0
Micro Mill at £75-00, moving up a size gets
into an area where rather like medium
sized family cars, the choice starts to
broaden. An allowance of say £500 will
give a number of options from our regular
suppliers such as Arc, Warco and Chester.
Unless you plan to undertake seriously
heavy work, my view now is that a
perfectly competent brand new mill for
larger scale model engineering purposes
need not cost more than £1500.

Pristine, restored,

or basket case

Given that you probably already possess a
lathe and some other basic workshop kit,
very likely now backed up by a modicum
of experience, you may feel more able

to consider a second hand machine,

even one requiring attention. It is though
difficult to dismiss the design advances on
some of the modern machines intended
for hobby work. Electronic variable speed
drive, inclinable head, and dovetailed
column are features which make some

of the latest machines very much more
convenient to operate than some of the
traditional mill/drill designs.

In the current economic climate,
industrial machines have become
noticeably cheaper, so that a good
Bridgeport may be picked up for under
£2000, whereas not long ago the price
might have been nearer £3000, however
ex industry equipment is likely to be set up
for three phase power.

Assessing second hand

If you know something of the machine’s
prior history, then that will give pointers
as to potential problem areas. Industrial
machines may have had a hard life on
production work, whereas one used in

a laboratory or training establishment is
likely to exhibit less wear, but in the latter
case, may show surface damage due to

Photo 10. “in. FC3 cutter above, and Visin. solid carbide below.

careless trainees. Smaller machines are
more likely to have had perhaps just one
“owner driver” and in hobby use, the
actual number of hours run, will probably
not be high.

Transmission and Spindle

Ifit is a single phase machine you are
considering, it could be useful to take
along an RCD, as supplying via one of
these can indicate certain fault conditions.
Start the spindle, and if it's a variable
speed machine, take it from minimum

to maximum speed in each of the gear
ranges, listening for undue vibration from
bearings, gears or electrical sources.

Take along a clock gauge with magnetic
base and set it up to measure quill
deflection, photo 11. Apply hand pressure
fore and aft. On my Naerok, the quill was a
slightly loose fit in the head (probably
about a couple of thou) but this could be
easily “dialled out” by lightly nipping the
quill clamp. If however the deflection
remains after locking, then perhaps the
bearings are past their best.

Lock the quill and set the clock on the
end face of the spindle or chuck and check
the spindle end float by pushing up and
down on the chuck, phote 12. The
measurement on my thirty year old VMC
was just under a thou.

Photo 11. Checking for lateral play
in bearings and quill.



Photo 12. Clock positioned to
check spindle end float.

Release the lock and operate the quill feed
lever to check for free movement over the
whole travel - also that the return spring
works correctly. (These are frequently
adjustable so that heavier tooling will return
satisfactorily.) Engage the fine down feed, if
fitted and check its operation.

On some cheap far eastern machines
built some years ago, it may be worth
checking that the tooling location bore in
the spindle does run true. The VMC style
machine mentioned above, purchased
new in the early 80's by a friend, did show
a slight run out in the R8 socket taper. The
solution was to incline the head to the half
angle, bolt a toolpost grinder to the table,
then run the machine and the grinder to
gently regrind the internal taper, feeding
vertically along the taper via the knee.

Slideways

Slideway wear will depend on the amount
of use (and abuse) together with the type
of work undertaken. Start by winding

the table to the extreme positions along
the X axis then the Y axis. A machine
used on numerous small parts may show
wear biased to the centre of the slides.
Conversely a large mill with a long table
used over its full travel can suffer due

to the effect of the overhanging weight
when the table is at full travel in either
direction. In extreme cases, the table will
be horizontal at mid travel, but droop
slightly when traversed either side. It may
be possible to set up the clock and then try
to rock the table to check for movement.
If there is movement, then it should be
possible to adjust it out by resetting the
gib strips, provided of course that the
wear is reasonably even over the length of
the slide.

When | checked over the well worn
Beaver mill | acquired some years ago, |
found significant slideway wear,
particularly on the Y axis. Of course
Murphy's law came in to play and the
wear was anything but even, part of the
extremity being virtually unworn. At the
outset | concentrated on adjusting for the
section which had seen most use, and
then found that the tapered gib had run
out of adjustment. The easy solution was
to add a brass shim behind the gib. This
and other adjustments gave me a

-~ e M - 1;. k I .;:.‘f'
Photo 13.Typical 4in. swivelling milling
vice, this one from Vertex.

reasonably accurate machine, albeit with
the travel now restricted to that well worn
section. At the unworn section, several
thous of material had to be removed, and
this was done in periodic bursts of
enthusiasm spread over several months.
The tools used included a small angle
grinder, files and scrapers. As the slideway
was a rectangular section as opposed to a
dovetail, it was relatively easy to keep a
check on progress with a micrometer.

Turning the handles back and forth will
give a feel for the amount of backlash in
the leadscrews. Backlash on a mill can be
more of a problem than on a lathe, as
when climb milling, the cutter draws the
work in, and if there is significant
backlash, then this allows an uncontrolled
infeed (to the extent of the backlash) with
potentially damaging results. Many mills
make provision for adjusting out such
backlash, by means of double or split
nuts. However if the leadscrew itself is
unevenly worn, then the nut can only be
adjusted to fit the least worn section. Mills
with backlash are of course eminently
useable, but work should be planned to
avoid climb milling.

Three phase machines

If your waorkshop has a three phase supply
then the world of second hand machinery
is rather more your oyster. You will need

to check on the current capacity of your
system, but it is unlikely to present a
problem. If however you are presented with
an unmissable ex industry bargain, and you
have only single phase, then you need to
consider the options for powering up.

Start by looking over the machine and
counting the motors and investigating
their respective control circuits. The
biggest item will be the spindle motor,
with others for coolant and perhaps power
traverse. The control switchgear may
involve contactors, and if so, you need to

Photo 14. Myford vice (left) is a quality
product useful for fine work, note weld
repair beneath screw on vice to right.

see if coils are wired to mains (415)
voltage, or whether there is a low voltage
control circuit.

The easy option as far as work on the
machine is concerned is likely to be the
acquisition of a single to three phase
converter, and my suggestion would be to
discuss the application with one of the
suppliers of such equipment before making
a purchase. Supplying via a converter
should mean that you do not need to make
any electrical changes to the machine.

If the machine has just a spindle motor,
then rewiring to use an inverter may be an
option. Inverters are now available which
produce 415 volts three phase from
240volts single phase input, but most
inverters run from a domestic supply, will
push out 240 volts not 415 volts. It
therefore becomes necessary to dig into
the internal wiring of the motor and
change from star to delta configuration, in
order to run at the lower voltage. Driving
through an inverter gives the advantages
of variable speed, jog, and soft start.

The aother traditional approach would be
to remove the spindle motor and substitute
a single phase alternative. In the case of
the low powered motors for coolant and
traverse, it may be possible to add large
capacitors and wire for single phase. The
two books by Jim Cox, “Electric Motors”,
and “Electric Motors in the Home
Workshop” from the workshop Practice
series give valuable advice and guidance
on this general issue. They can be
purchased from www.myhobbystore.com

Other considerations

Just as when buying a lathe, you need to
consider carefully just what is included

in the deal, and what you are going to
need. New machines may be supplied
with a drill chuck and perhaps a face mill.
You will almost certainly need a robust
machine vice the size of which will tend
to rise with that of the machine. A decent
vice of about 4in. (100mm) jaw similar to
that in photo 13 may be obtained new for
about £60-00. | have not seen up to date
prices for larger items, but the distinctly
second hand 8in. vice which lives on the
Matchmaker cost £80-00 several years
ago. Much lightweight work however can
be undertaken on smaller vices such as
those in photo 14. Exclusive to Warco are
the DH1, photo 15 and DH 4 vices which
give advantages in the clamping size
range for a small footprint.

To clamp work to the table without a
vice, a clamping system will be needed,
and here we have a make or buy decision.
For many years, | made do with Tee bolts
made by welding flat bar on to the end of
screwed rod (or even just screwing the rod

Photo 15. Warco DH1 vice has grippl'n
length similar to footprint.



MILLING CHUCK
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both on mills and lathe.

in) as in photo 16 but the homemade
items have since been augmented by two
proprietary clamping sets one of which is
illustrated in photo 17. These come in
different sizes based on the stud diameter,
and include "saw tooth” supports visible
in photo 4, which add convenience to the
set up process. Harold Hall has described
making clamps in the pages of MEW, also
in his book “Milling a complete course”.

It was mentioned earlier that most
milling operations involve interrupted
cutting, generating cyclic forces between
cutter and work. While you may get away
with holding an end mill or slot drill in a
drill chuck, this is not recommended
practice, and anything but the lightest cuts
are likely to cause the cutter to move
axially in the chuck. Frequently the spiral
shape of the flutes causes the cutter to
walk out of the chuck, increasing the depth
of cut, and potentially scrapping the work.

To hold your end mills, you have three
main options. The first is to buy a Clarkson
style chuck as was shown earlier in photo
7. These accept dedicated collets and you
might standardise on a small selection of
either imperial or metric to limit the initial
outlay. A smaller device intended for model
makers, which used to be available, was
the “Modeloy” chuck. Photo 18 shows an
example of this design, which having a
2MT shank, could also be used inthe
Myford lathe. A variation on option one is
to make a chuck and collets. Here Harold
Hall gave a suitable design in his book
“Lathework a complete course”. Do though
note that these chucks need threaded
shank end mills to function correctly.
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o 18. This Modeloy chuck has ZT arbor and s
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Option two is to go for an ER style collet
chuck. The choice of ER series would be
guided by the size of machine and the
cutters to be used. Arc Euro Trade list five
sizes of ER. The smallest series, ER11 take
up to 7mm, while the largest ER32 will
accommeodate tools up to 20mm diameter.
Here again, an alternative could be to
make the chuck and purchase the closing
ring and collets.

Finally option three is to use collets which
match the internal taper of your mill spindle.
These are readily obtainable for Morse taper

Photo 17. Attached to the front of the mill, not the best locaﬁn
for the clamping kit as witnessed by the swarf.

(No's 1, 2 & 3) and also for R8. Photo 19
shows a selection of R8 taper collets.

Options two and three will allow the use
of plain shank cutters and option three is
likely to reduce the tool overhang as is
evident from photo 20.

| hope that the foregoing notes will be
of help to those contemplating moving
up from working on the lathe alone, into
the world of dedicated mills. The
intention has been to set out some of the
choices available, and to illustrate some
of the pitfalls. B




Phot 28, The control panel,

Photo 29, The nt internal wiring.

THE STEPPERHEAD
MULTI-MODE MACHINE ©

Alan Jackson concludes his look at this versatile machine.

Control panel and

computer MOUI'I'I'II'IQ

The control panel and computer support
box contains a Motion Control power
supply and three stepper motor drivers in
the lower section. Air circulation holes for
cooling are provided in the back panel. It
does not seem to get too hot even when
run for long periods. In the upper section
is a pulse generation circuit board, which
can supply a variable pulse stream for
manual control of the stepper motors.

For the circuit info for the board | am
indebted to a very good article in Model
Engineers Workshop No 118 by David
Haythornthwaite.

Switches on the front panel select which
stepper motor is in use and its speed and
direction for manual control, photo 28.
Photo 29 shows the neat internal wiring.
The switches can also be set for computer
only control of the stepper motor or
motors. The main motor is also controlled
at this panel via an inverter. Placing the

control panel and computer at the tailstock

end seems quite convenient and positions
the operator away from the cutting
operations. You may notice that the main
pulley does not have a guard. | did
consider making one but it is very
convenient to be able to handle the pulley
for many small tasks and | think the guard
would be more often open than closed.

Computer
| have used a fairly old laptop computer

that came my way, which runs on Windows

95. | do not think it would work with
Windows XP so this somewhat limits the
choice of CNC control systems available.

I am using TurboCNC, which should only
be run in DOS. TurboCNC say that the
computer pulse signals are unreliable
when operating through the additional
load of a Windows operating system and
this will result in missed steps etc. | had a
struggle to get it working directly in DOS;
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it boots up through a floppy disc where it
is reliable and does not miss steps. | am on
a learning curve for CNC and up to now it
fulfils all that | need.

Stepper motors

There are two hybrid Nema size 23 motors
56mm long used for the head and cross
slide and a 76mm long motor for the
saddle. The stepper motor drivers are

set so that each motor is just powerful
enough for its axis. This provides a
measure of safety because the motor

will stall if overloaded. | had difficulty
finding screened 4 core cable in the small
quantities needed so | used TV scart cable.
The 25 separate screened cables were
grouped into 4 sets of 6 cables each (1
spare) for the connections between the
drivers to the stepper motors.

Rear chip guard

This has been constructed from 6mm thick
MDF in a triangular shape which enables
cables and low voltage transformers

to be housed. The cross slide cable is

also routed into here via its protecting
tube. The top shelf provides space to
accommodate collets and chuck keys etc,
photo 30. A slide groove is also useful for
a clipboard and to mount the milling head
DC motor controller when it is used. A
four-way power socket is mounted on the
rear face out of the way of swarf etc.

Top slide

The topslide features a lever locking
arrangement enabling it to be positioned
and locked at any angle anywhere on the
cross slide. This has been described in
Model Engineers’ Workshop Nos. 119,
120 & 121. A screwcutting retract and
toothed belt drive handwheel are also
provided allowing a large micrometer dial

Photo 30. The rea chip guard.
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Photo 35. ....or used inverted.

with friction reset. The feedscrew nut can
also be adjusted to minimised backlash.
The slide has a total travel of 80mm. One
advantage of the tailstock design is that it
has a clear space below the tailstock barrel
and allows the top slide to fit closely up

to the tailstock centre. The topslide retract
lever is also profiled to clear the tailstock.

Tool holders

| have made two different tool holders.
Because the lathe centreline can be
raised or lowered there is no need for
height adjustment at the cutting tool.
This permits simple rigid designs for
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Photo 33. Running the machine in reverse.

tool holders. Consider a Dickson style
toolholder, a carbide tip is mounted on a
square toolbar which is in turn mounted

in a dovetail tool mounting block and this
is clamped to the toolpost body mounted
on the topslide. This uses many clamped
interfaces each of which can make
problems and also results in a cantilevered
overhang of the cutting tool.

Carbide tips are directly mounted in a
triangular toolholder for maximum
rigidity, photo 31. It is also possible to
invert the toolholder using the circular
spacer, which has a preset thickness to
moiint the inverted cutting tool at centre

Photo 26. The milling attachment is driven using a Poly Vee belt.

height. The advantages of a rear parting
tool are well established so inverting the
cutting tool can use these advantages for
normal turning. | think this is especially
important on small light lathes. The
cutting tool can be positioned as a rear
toolholder (the topslide will allow this) or
the lathe can be run in reverse with the
topslide in the conventional location. This
is useful for heavy cuts and for preventing
or reducing swarf being sprayed
everywhere. | also believe you get a better
finish this way, photos 32 and 33.

The square toolpost is designed for two
Shein. square HSS cutting tools, a parting

Model Engineers’ Workshop
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Photo 39. ....or on the faceplate.

tool and a boring tool. This toolholder can
also be inverted and be used as a front or
rear toolpost, photos 34 and 35. A D bit
mounted in the chuck is useful for cutting
tool centre height setting.

Milling head

The milling spindle is mounted on two
large ball bearings and has a built-in
drawbar, which also acts as an extractor
for a No 2 Morse taper. The modified
24-volt 300-watt DC motor (similar ones
are used on motorised invalid chairs)
can be mounted on either side of the
milling head body. A Poly Vee belt
drives the spindle via low or high speed
pulleys. The DC power controller can
vary the speed and the power cable can
be fitted either way allowing forward or
reverse rotation. Four M6 through bolts
mount the head assembly using tee bars
directly to the cross slide or mounting
table. The square body enables easy
setup alignment. The milling head
assembly can also be mounted directly
on the milling head top slide, photo 36.
Also see milling head photos in MEW
issue 151.

Milling head top slide

This slide is a modified and very battered
early Myford ML7 top slide, photo 37. The
slotted radial bolt lugs were removed and,
a lever locking arrangement fitted. The Vee
slides were cleaned up and the nut made
adjustable to minimise backlash. A toothed
belt drive at the handwheel, with ball thrust
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et

bearings added at the feed screw to ease
the load on the belt drive. A dowelled cast
iron gib strip and a slide lock screw have
also been added. The machined topslide
mounting point is tapped for four M6 bolts
to suit the milling head.

Mounting table

Normally a vertical slide is used to expand
the operations possible on a lathe. A fixed
mounting table is all that is needed on the
Stepperhead. It can be set at any angle
and is more rigid than a vertical slide
because it avoids the dovetail slide; the
elevating headstock provides the vertical
adjustment. The table can be mounted in
many locations i.e. on the overarm or on
the cross slide via the vertical or horizontal
columns, photo 38. It can also be mounted
on the lathe spindle as a faceplate by
using the camlock studded plate bolted

to the rear face, photo 39. The mounting
plate is proportioned so that the faceplate
assembly is balanced when assembled on
the mandrel. The topslide, milling head
topslide, milling head assembly and vice
components can all be fitted as required.

Collet chuck

ER32 collets can be directly fitted in the
lathe mandrel using the camlock chuck
fitting. The collet-closing nut has 5sin.
blind holes enabling a Tommy bar to
close or open the collets. Two hardened
steel washers fitted inside the closing nut
enable the collet to be withdrawn, as the
nut is undone, photo 40.

Photo 40. ER32 collets can be fitted directly to the lathe mandrel.

s o

Boring head
This item was made years ago and
entered into the 1987 Model Engineers
Exhibition where it was awarded a Silver
medal and the Bowyer-Lowe trophy |
am proud to say. It seemed worthwhile
modifying it for the Stepperhead, which
turns the machine into a horizontal boring
machine. See MEW 151 for a photo of the
boring head. As such boring and facing
can be carried out on items mounted on
the cross slide. The original Manumatic
boring head was operated by a hand
wheel located at the pulley end of the
mandrel which, when rotated it caused the
boring head cutting tool to move in or out
according to the direction the handwheel
was rotated. This happened whether the
head was rotating or stationary.

| have since replaced this with a simple
cam actuator that operates the boring head
as it rotates, photo 41. The boring tool can
be set to move in, out, or stay put at its set
point by setting the control lever at the
pulley end of the lathe mandrel. The cutting
tool moves (when required) at a fixed rate of
0.007in. per revolution. This feature can also
be used in conjunction with the Z-axis set at
a chosen feed rate per revolution. For
instance with a Z feed rate of 0.001in. per
rev and the boring head moving in or out as
desired, a 45 degree tapered hole can be
bored. When the actuator is removed (or the
actuator is set to the stay put mid position)
the boring head reverts to manual control
whereby the cut depth can only be set when
the mandrel is stationary.
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Photo 41. The cam operator controls the
boring head.

Operation

| am still in the learning mode with
Stepperhead but | can say that it works
much better than | expected. | will go so
far as to say itis fun to drive. It is after

all a test bed incorporating many untried
and unconventional features and my first
experience with CNC, stepper motors and
electronic control. | have got used to the
presence of the overarm. It does not seem
to restrict or hinder operation. The topslide
can be moved anywhere on the cross
slide. Full use of this is realised when say
turning a steep taper. The topslide can be
positioned so that the cutting tool is past
the centre of the component being made
and the lathe run in reverse. This enables
easy access to the top slide handwheel
whereas normally the topslide will be
positioned awkwardly close to the chuck.
Being able to control the mandrel speed
and cutting feed during operation is also
very useful. Deep cuts and fine feeds can
be set for a good finish.

| have parted off a 1in. MS bar with ease
using the square toolpost inverted and
rear mounted using the cross slide stepper
motor to power the cut.

The elevating mechanism seems to be
able to do it's lifting without too much
effort. Subsequent dismantling showed
that the rubbing surfaces of the worm and
wheel were ok. The Z and X axes operate
smoothly and give a good finish in manual
mode and an even better finish in manual
controlled stepper drive. There is not
much need to change the belt position; the
middle pulley size covers the speed range
from 200 to 2200rpm, which is suitable for
most operations, but screw cutting is best
done on the biggest pulley at about 120

rpm because the additional torque keeps
the speed more constant.

In some operations it seems
advantageous to use a combination of CNC
and manual inputs. For instance screw
cutting using the computer to control the
thread pitch and length and set the cut
depth and withdraw manually. This is not
full CNC but perhaps, a model maker's one
off pragmatic version avoiding extensive
programming and set up.

CNC operates in either, 'Absolute
positioning’ which always starts from a
preset zero position or ‘Incremental
positioning’ which moves a set distance
from the existing position with no
reference to any home or zero position.
Certain operations require either ABS or
INC mode. For most of my operations INC
seem preferable. | have set up for imperial
units but metric can also be chosen.

In Turbo CNC there are two operating
modes. The first is preset program control
whereby the control instructions (G codes)
are prewritten programs that can be
recalled and used or copied and modified
to suit the desired operation. The second
mode is called MDI (Manual Data Input)
whereby a single line of control code is
keyed in and the instruction is then applied.
This all soon becomes quite obvious but it
must be carefully carried out. The machine
will only do what you instruct it to do. Tell
it to do wrong and it will.

As an illustration here is a simple
example of incremental MDI mode. Tan 5
degrees = 0.0875. Type in G01 Z-1.000
X0.0875 F0.001 then press enter and it will
move the saddle 1in. towards the
headstock and simultaneously move the
cross slide 0.0875in. away from the lathe
centreline at a feed rate of 0,001in./rev.
and machine a taper of 10 degrees. When
the cut has finished change the input to
G01 Z1.000 X-0.0875 F0.001 (Positives and
negatives reversed) press return and the
tool will move away from the chuck
following the taper. These figures can be
varied at will to produce an infinite range
of tapers (Morse 1, 2 etc) and feeds
without having to carefully set the topslide
at the angle required. | am certainly not an
expert on CNC control so | will avoid
trying to teach a subject | am just
beginning to grasp. | just wanted to
convey the advantages available to the
home workshop.

| have found that using MDI mode with a
manual override suits many of my
requirements. What this means is, to
machine the pre-described taper and be
able to manually set the cut depth by using
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Photo 42. An example of taper rhrdmg. -
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the topslide set at 90 degrees to the lathe
axis permits a degree of manual control
over pure CNC operation. The computer
generates the taper and the amount to be
removed is controlled by the operator.

Screwecutting is another operation, which
becomes easier with computer interaction.

| use the word interaction purposely,
because full CNC control requires careful
and extensive set up to achieve the final
result from a piece of bar stock to the
finished item and if you are only going to
produce one item it will consume a vast
amount of precious time, Well it does for
me. MDI mode will allow any screw pitch
for a chosen length to be cut. By using
the topslide set at say 27.5 degrees (for
Whitworth thread angles) the thread
depth cut can be set for each pass using
the topslide. | set the speed at about 120
rpm (the screen gives a readout of the
mandrel speed).

The tool will then cut the screw thread to
the length chosen and stop, finishing the
thread with a cut depth undercut. The tool
is then manually withdrawn using the
withdrawal lever on the topslide. This
avoids the instant disengagement of the
half nuts before the tool hits a shoulder as
with a normal lathe. To rewind the saddle
for another cut the MDI input is modified
by changing the Z-axis from minus to plus
on the computer, hit return on the
computer and the tool will return to the
start position for a new pass. Reset the MDI
Z axis back to minus, return the withdrawal
lever and set the new cut depth for the next
pass then hit return again. Do this as many
times as required until the thread is
finished. This may sound like an involved
process but | am sure once observed it will
seem a lot less complicated than the
procedure on a manual lathe.

Left hand threads can be cut in the
normal manner by starting the tool close
to the headstock and moving away from
the headstock with normal forward
rotation or by using reverse rotation with
the cutting tool on the far side of the lathe
mandrel and moving the tool towards the
headstock. The advantage of this is that it
is not necessary to make an undercut to
the thread depth to start the cut from. Also
CNC threading requires a small distance at
the start of each cut to get synchronised
with the lathe mandrel so an extra length
needs to be added for this. Any backlash
in the drive is pre-compensated for in the
computer setup.

Photo 42 shows what can be done. The
lathe mandrel was set at 5 degrees to the
bed axis. | choose 13.5 TPI because you
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Photo 43. Taper threading in the Jsfh.
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can, photo 43. This would be an awkward
set up on a conventional lathe but simple
with CNC and Stepperhead. In full CNC
mode the Z and X axes can be
programmed to make simple to complex
shapes repeatedly. Positive and negative
curves etc | am still in the learning mode
here. Once a program has been made for a
particular component it can be saved and
reused again. It can also be copied and
maodified to make a new similar program.
So a library of programmes can be built
up for future use.

Milling

Milling cutters can be mounted in

the lathe mandrel and the part to be
machined mounted directly on the

cross slide or on the mounting table via
vertical or horizontal columns. There is
120mm vertical travel from the elevating
headstock, 2560mm travel on the cross
slide and an excess of 300mm travel along
the bed. Using the milling head mounted
on the cross slide either directly or via the
mounting table enables the lathe mandrel
to be used for dividing driven by its
stepper motar.

The milling head can also be attached to
the table mounted on the over arm
forming a vertical milling machine. One
advantage of this mounting arrangement
is that there is no restriction in the X
direction travel. The spindle to vertical
column distance (Throat) limits the X
travel in normal milling machines. Vertical
adjustment is provided by either, the
elevating headstock or milling head
vertical slide. At present only manual
vertical adjustment is possible but | can
see that providing a stepper motor to drive
the milling head vertical slide will enable
CNC three-axis control for vertical milling.

Using a diamond wheel in the milling
head turns the machine into a cutter grinder.

End mill ends etc. can be sharpened
using the stepper driven mandrel to index
the end mill. The saddle movesuptoa
preset bed stop. Horizontal milling cutters
can be sharpened in a similar manner. It is
also possible to sharpen end mill flutes by
combining the Z and A drives to follow the
flutes. X is programmed to move the
wheel away from the endmill at the finish
of the flute and returned at the start of the
next flute. The slides should be protected
from grit with newspaper when doing this.

Conclusion

So now a period of operating is needed to
test and explore its capabilities.
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Photo 44. An example of spiral and tapered work.

As stated earlier | have a Colchester
Chipmaster lathe and a Senior milling
machine both of which are in good order
and modified to suit my needs. So where
does the Stepperhead fitin? It cannot
compete fairly with these much more
massive machines.

It weighs approx 130kgs against a total
of 1000kgs for the other two. Butitcanina
reduced capacity do nearly all that both of
them can do in one machine. It can also do
many tasks that neither can do. To be able
to machine a component at one chuck
setting avoids errors in transferring from
one machine to the next and saves
secondary setting up. The computer
replaces the gear train and gearbox that
normally drives the saddle and cross slide.
The choice of feeds, screw threads, tapers
etc. is infinite and instant. The stepper
motor driven headstock makes dividing
easy and error free.

The requirement for countershafts and
clutches are eliminated. The Taper roller
headstock is grease lubricated avoiding
constant attention. One day | may have to
downsize my workshop. Both the Senior
and Chipmaster are heavy large machines
and Boo Hoo! | may not be able to
accommodate them, but | am sure | can fit
inthe Stepperhead.

There are of course alternative
permutations of this design. It would be
quite feasible to fit the horizontal overarm
and integral tailstock to a conventional
fixed head lathe. This would provide a
horizontal arm to mount a milling head
allowing the cross slide full movement,
avoid the saddle being notched to clear
the tailstock and enable more use of the
lathe bed. The leadscrew configuration
could also then be used. The fixed height
overarm/tailstock assembly would also
add stiffness to the headstock and bed.

There is an accepted convention in
naming the particular axes in CNC
nomenclature and | do not think | have
followed this to the letter. | believe the
mandrel drive should strictly be termed axis
Cin the lathe format. As a vertical mill the X
& Z axes should change to X & Y. This will
only matter if standard programs are used
or transferred to other machines etc.

It has taken two years to complete this
machine and about this time it is
Stepperhead’s birthday; it can be heard
singing on Youtube. It may not be up there
with Sparky's Magic Piano but it tries to do
a good turn as a following act.

If you have any comments please email
me at alan@jackary.plus.com

Photo 45. A further view of some machined components.

Test samples
| have made these to show off my limited
CNC prowess so far.

The wooden candlestick shape has a
2.4"dia. sphere, tapered spiral column and
a decorated base all made via CNC. The
base underside has an inverted 15-degree
tapered spiral scroll, photos 44 and 45.

The four holed white plastic sheet was
bored using the Manumatic boring head in
conjunction with a Z drive at 0.002in./rev
and 0.004in./rev. The X drive was also
operating on three holes to offset the
taper, see also photos 44 and 45. B

| have added some video files on youtube.
Il am a terrible camera operator so | ask
you to forgive me for this.

Taper Turning http://www.youtube.com/
watch?v=Yiug1F8XCME&feature=user
End mill Flutes http: //www.youtube.com/
watch?v=yMxv1jU-R_A&feature=user

End mill End http://www.youtube.com/
watch?v=FDNTeuojC78

Gear cutting http://www.youtube.com/
watch?v=wNxgWhizX54

Spiral milling http://www.youtube.com/w
atch?v=DMmDCHkffOc&feature=user
Happy Birthday http://uk.youtube.com/
watch?v=sCsZN8Spbq8

Specifications

Centre height Min 80mm

Max 206mm (over bed)

Radial swing over cross slide
45 Min 170 Max

Max diameter swing over bed
410mm (Over arm removed)
Distance between centres
450mm Max

Spindle bore 25.4mm dia.
Tailstock bore No. 2 MT
Tailstock travel 125mm

Cross slide travel 250 mm
Topslide travel 80mm

Motor 430w 3-phase

1400 rpm nominal

Spindle speeds 15 to 3200 rpm
forward and reverse

Weight 130 kg approx.

Size 1000 mm long x 800mm wide x
500mm high above bench
300mm below bench for motor
Milling head motor 24V DC.
Speed range 1000 to 4000 rpm
Milling head No 2 Morse taper



A Clarkson Tool ©

and Cutter Grinder

Mike Haughton concludes this series by finishing his look
at diamond wheels, then looks at solid carbide tooling,
“specials” and simple surface grinding on the Clarkson.

27) Resin bonded diamond wheels
I’'m beginning to think that the resin layer
on these wheels is colour coded. Those
from RDG are a dark green and appear to
behave as if they are a coarser grit than
those from Arc Euro Trade which are a
pinkish brown. Photo 58 (last issue) shows
a boring bar that was sharpened with a
silicon carbide green wheel and then with
an RDG diamond wheel. You should be
able to see that the diamond wheel has
almost removed the deeper and coarser
scratches from the green wheel.

| have resharpened a number of brazed
carbide lathe, boring and milling cutters
with resin bonded wheels using the
set-ups described earlier. In just about
every case the end result cuts well and
‘was worth doing. The ground surfaces
appear to be polished and free of the
grinding marks that a typical 80 grit white
wheel will leave behind. This is probably
indicative of a 150/200 grit wheel and is
getting close to a “honed” surface finish. |
notice the same effect when sharpening
HSS tools with resin bonded diamond. In
both cases the only restriction is the need
for very light cuts. One remedy is to rough
grind to shape on a 60# white wheel then
comnplete the job with a resin bonded
diamond wheel.

28) Solid carbide tools

Solid carbide has replaced HSS in many
industrial applications, especially for
working difficult materials at high speed.
Solid carbide cutters have been used

for engraving and printed circuit board
drilling for some time and are readily
available. The cost of carbide may take

Photo 61. The side of a used
carbide end mill.
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your breath away, but used examples and
new old stock from stores clearances do
appear at times. Solid carbide is instantly
recognisable because of its weight
(density); something like 2x the density of
steel and 15X that of water. Solid carbide
tooling is sharpened on diamond or CBEN
wheels and the diamond wheels described
above will grind it well. The clearances
used for HSS seem to work for carbide.
Used carbide, because it is so hard often
shows different wear and damage patterns
to HSS. For example photo 60 shows an
end mill that from this angle doesn’t look
too worn, but when viewed from the side
shows extreme tip wear and chipping,
photo 61. It's very debatable if this is
worth re-grinding unless you are prepared
to take the time to completely reshape the
end of the cutter. With the cut off wheel
you could recover the shank, which will
be as hard as the rest of the cutter, unlike
HSS, and reform it into a “special”.

29) “Specials” and tool making

The traditional method of shaping

tools from Silver Steel (drill rod) then
hardening, annealing and finally
sharpening can be revised if you have
a tool and cutter grinder. Most of the
tool shapes recommended by the old
masters were very simple. D bits, single

-

Photo 62. The magnetic chuck used for surface grinding.

Photo 60. The end of a used
carbide end mill.

edge reamers, half round drills and spear
pointed drills could be made, especially
in the smaller sizes, by grinding HSS rod
which is available already hardened and
ground accurately to size. You could even
have a go at solid carbide.

30) Surface Grinding

Prof Chaddock, in his book on the Quorn
describes using the Quorn grinding

head in a Dore Westbury mill to surface
grind some small components. | seem to
remember a lot of unfortunate comments
(flack) about his use of double sided tape
to hold down the components on the
machine table!

The Clarkson table is pretty limiting but |
have ground things like washers and
spacers stuck to the table with double
sided carpet tape. With extreme caution it
works. A better solution is shown in photo
62 where | have mounted an inexpensive
180mm x 100mm magnetic chuck to the
Clarkson table, Ref 35. It's deliberately

Model Engineers’ Workshop




mounted overhanging the table by about
356mm to increase the useable area, which
is around 45mm x 100mm. The spindle
extension is being used. Cheaper
magnetic tables have a smaller number of
poles and there are areas around the
perimeter of this table where there is very
little attraction for small items. Hence |
have raised the end table fence and
introduced a flat bit of steel to move the
thick washer, spacer, being ground so it
lies across 2 pole pieces. The down feed of
the wheel head has to be very cautious,
but it works.

Conclusions

| would recommend a Clarkson Tool and
Cutter Grinder to anybody with interests
in tool making or refurbishing cutting
tools. There are plenty of these machines
about at prices that won't break the hank,
especially by private sale. The special
purpose Clarkson accessories are another
matter but you can improvise along the
lines that | have described. | have not yet
cracked the problem of grinding radii,
but no doubt inspiration will provide
eventually. Or maybe somebody has
already cracked this one?

Buying the Clarkson has caused me to
rearganise my workshop to place all the
grinding, linishing, polishing and wire
brushing stuff into one place, “The
Grinding Department” photo 63. | feel
happier now that all the dirty dust and grit
making stuff is all in one place and the
extractor is available to clean up. The
bench in the photograph was constructed
especially to fit the space available, there
are more wheels and accessories than the
Clarkson cabinet can accommodate and |
had to find places for the Quorn bits and
castings! Someday!

"
Photo 63. The grinding department.

The top of the bench isn't really that
cluttered, I'm afraid this is a posed shot. |
have one position on the bench with M8
tapped inserts and the grinder in use is
screwed down into these. As you can
probably see | have a white wheel on one
grinder for sharpening woodturning
gouges, a wire wheel and a polishing mop
on the other and a small linisher cum
sander that has proved very useful for
general small scale shaping.

As far as the Clarkson goes it is teaching

me how to resharpen tooling and a bit of
tool making. The next project might just
be to add a motorised head for between
centre grinding.

Contact me on mikehaughton@
btinternet.com or email Postbag if you
would like to make comments or need
more information on the Clarkson. B

References
Ref 35 http://www.chronos.ltd.uk/ Search
for magnetic chucks
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TRADE COUNTER

NEW WARCO REMOTE READOUT SCALE

Dave Fenner reviews a readout

hilst at Harrogate, | was shown the new remote read out

scale which is now available from Warco. They were recently
kind enough to send one up for a closer look. As | still have their
WM18 milling machine on loan, it made sense to fit the new
readout to the machine.

Numerous articles have been written in the past on fitting scales
to machines, so | do not propose to go into great detail. Suffice it to
say that | have adopted what | believe to be the simplest possible
approach consistent with achieving accurate and consistent
readings. These scales are designed to be cut to length, however |
‘was able to use the length as supplied and avoided cutting.

First I removed the two end clamps, and opened up the slots
‘with hacksaw and file to give the result shown in photo 1. These
‘were then refitted to the scale. A thin (22gauge) brass plate was
then partially made, i.e. it was cut roughly to size, and two 3mm
holes drilled pitched 40mm apart. This was then located on the
rear of the scale slider, using the two screws provided.

The two Allen screws securing the centre table stop were removed
and this part placed in storage. The two moving table stops were
then slackened off and the scale positioned with the end clamps
located under them. These were then nipped up, ensuring that the
scale was horizontal. A line was then marked on the brass, level with
the lower tapped hole previously used for the centre stop. The space
between the machine face and the brass was measured (found to be
4.5mm) and a spacer made to this length. The brass was then
removed, drilled Bmm and refitted. Photo 2 shows the new parts,
viz. brass plate, spacer, and longer M6 screw.

All was then refitted to the mill, the ends being just nipped in
position. The table was then traversed to each extreme to set the
scale height, each clamp then being tightened. Photo 3 shows the
scale in place.

It would be worth adding a cover to keep fluid and other detritus
from getting on to the scale especially if you use coolant when

Photo 1. Scale end clamps after
modification.

Photo 4. Typical cover to keep scale elean.
by magnets.
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Photo 2. New parts needed to fit scale.

Photo 5. emote readoduit is held n p!a

machining. Photo 4 shows the one made from aluminium angle
covering a scale on the VMC mill.

The remaining work was simply to position the readout display.
Whilst a plastic bracket is provided, the head comes fitted with
two integral magnets, so attaching to the machine was just a case
of "put in place”. Photo 5 shows the readout held by its magnets.

Also received from Warco was one of their edge finders, shown
in photo 6 along with the storage box, It is a multi-size device,
having operating diameters of 4mm, 10mm and 20mm. | did
wonder whether there might be some loss of effectiveness when
working at the smallest diameter, but this was not the case.
Photo 7 shows that the edgefinder running at about 500 rpm has
"stepped out" on contact with the edge of the vice. Here, the
repeatability according to the readout scale was about plus or
minus 0.01mm or about four tenths of a thou. With a metric
machine such as this WM18, the 4mm diameter spigot is
particularly convenient as moving back to datum is just 2mm, one
complete turn of the handwheel.

Warco DH-1 Vice

| was recently fortunate to be offered the loan of one of the DH-1
vices, with the optional Vee jaws, to try out on the WM-18 mill
already in the workshop for review. Now | remembered seeing
the prototypes of this vice and the bigger brother the DH-4

being demonstrated at Harrogate by designer Doug House. The
main idea was to offer a robust and versatile vice which would
give great jaw opening capacity within a small table footprint.

To achieve this, the DH-1 comes fitted with one moving and

two fixed jaws, each of which can be detached and refixed in
alternative positions to give a series of gripping ranges. The
maximum extent is some 175mm, as can be seen in photo 8. This
is quite something when you realise that this dimension is the
same as the overall length of the vice body. One of the standard
jaws is machined with Vee grooves to grip bar material, as may
be seen in photo 9. In addition, optional Vee jaws, photo 10 allow
four point gripping of round work. As illustrated in photo 11 the

e

Photo 6. Ed-ga_ﬁnder and. bo_x. .
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Please note that unless otherwise stated, trade counter items have
not necessarily been tested. We give news of products and services which have
been brought to our attention and we consider may be of interest to our readers.

Photo 7. The rotating edgefinder has
“stepped out” on contact.

steps cut in the faces of jaws, allow work to be held clear of the
vice body without the need for separate parallels.

One of the bug bears of many machine vices is the tendency for
the moving jaw (and hence work) to lift as the grip is applied.
Articles have appeared in MEW from time to time, describing how
to modify budget vices to minimise this effect. On the DH-1, the
sliding member extends the full length of the base, and thus the
tendency is immediately well controlled. | did try levering up on the
slide and clocked a lift of just 0.007in. (0.0256mm). However when
work was clamped in the vice, with the clock applied, photo 12 no
lift was detected. This is presumably because the line of action of
the screw is located below the slide, and actually tends to draw the
jaw downwards. Thus the underlying geometry of the vice pulls the
work down and does not create lift.

Both the fixed and moving jaws are held in place by substantial
M8 Allen screws, the positions of the moving jaws also being
determined by close fitting recesses. Thus when squaring the vice
to the machine, my preferred procedure would be: first adjust the
vice position by clocking along a fitted moving jaw; then set the
fixed jaw in place, but only lightly nip the two Allen screws. Next,

i W b ?
Photo 8. Jaw position set for gripping up
to 175mm. Location recess for second
moving jaw may also be seen.

‘ i ?.f}f : 1

Photo 9. One jaw removed to show te vee
grooves for bar material. Behind the jaw,
the long slide can be seen.

lightly clamp the work, to align the fixed jaw, before finally
tightening down its M8 screws.

The natural inclination is to fit the Vee jaws as shown in photo
11, and arranged thus, round work of up to 160mm can be held.
If one jaw is reversed, small diameter work can be gripped at
three points, and in this mode, the range goes down to around
3mm diameter.

Model and amateur engineers are famous for trying to get
quarts into pint pots and get more out of their equipment than it
may have originally been designed for. So, looking at the Vee
jaws set in small diameter mode, it occurred to me, that an
additional non advertised function might be as a lightweight
bender. A strip of brass sheet was gripped between point and
Vee, photo 13, then the jaws closed. Photo 14 shows the result.
This of course will bend to precisely 90 degrees, so it is likely that
a little hand work may be needed to counter any spring back.

As befits a piece of precision equipment, the vice is supplied well
lubricated, in a wooden case, photo 15 with, surprisingly for a vice,
an inspection certificate giving telerance details. All in all, this is an
impressive piece of kit, which | am not rushing to return to Warco.

Contact Warco Tel: 01428 682929 www.warco.co.uk

Photo 10. Optional Vee jaws for use with
medium diameter work.

Photo 13. "on approved” bending
operation.

August 2009

Photo 14. Crisply frmed brass strip.

Photo 12.No lift was discernible when
clamping work.

Photo 15. Wooden case supplied with vice.
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TRADE COUNTER

DREMEL

i

Photo 16.

DREMEL

have supplied some of their drills
and accessories for review.

he first of these is a Dremel 300 series drill together with a

225 hand piece on a flexible shaft. The whole set comprises
the Dremel drill, the hand piece, a set of tools (cut off wheels,
mounted points, rotary emery wheels and a wire brush amongst
others) that clip to the end of the grey plastic carrying case,
photos 16, 17 and 18.

Next is the Dremel 220 Work Station, photoes 19, 20 and 21. This is
a drill stand along the lines of the old Black and Decker drill stand
but a lot smaller. It is ideal for smaller holes such as rivet holes.
The Dremel fits into the drill stand via a threaded nose cap that
screws into a threaded bush in the drill attachment. The moving
head of the Work Station can be rotated so holes can be drilled on
an angle. The travel of the drill looks to be about 2in. (50mm).

Photo 18.

ORK STATION

G Dl Pross and Too! dokter

Photo 19. Photo 20. Photo 21.
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Photo 22. Photo 23.

The Work Station also has a vertical pillar with an arm to take a
loop on the top of the Dremel so that the flexible shaft unit can
be used. Basically, the Dremel hangs on the pillar and you can go
to work on an item held in your hand or even in a vice. There are
lots of uses for the flexible shaft and extension tool. Cleaning up
castings springs to mind as does wood carving and other model
making activities. The drill will come in useful as well.

Photo 22 shows another type of Work Station, this time the
model 2222 flexible shaft tool stand. This is designed to clamp
onto the workbench or even the kitchen table using a thumbscrew
underneath the unit. As it is made of plastic, | doubt it will mark
the table. It comes with 3 steel tubes that plug into each other to
make different heights of stand. | found that two tubes was an
ideal height for me but you might find 1 or 3 tubes gives a more
useful height. The stand also comes fitted with holes to take all
your little accessory tools. The flexible shaft is also available
separately if you already have a Dremel 300 series drill. | have a
couple in my workshop, one set up as a drill and the other set up
with the flexible shaft. Photo 24 shows the stand in use.

Finally, photo 25 shows the right angle attachment that is
designed to fit onto the end of a Dremel 300 series drill. It is very
useful if you have to drill a hole in a confined space.

The Dremel range is very useful in the small workshop and will
probably be in daily use. Once you use a Dremel to clean up
castings and drill small holes, you will wonder how you managed
without one for so long.

Dremel drills and accessories are available from B&Q and some
local Hobby Shops. | had a quick search online and came up with
www.powertoolsuk.co.uk and searched for Dremel. | was
pleasantly surprised by the low cost of both the Dremel power
tools and the accessories. {l can't remember what | paid for my
original Dremels but seem to remember they cost around £70
each.) As an instance, the Dremel 300 drill with extension shaft
and toolkit in plastic carrying case was only £562.05 including VAT
although | expect there may be a bit of postage on top of this.

Contact Power Tools UK Tel: 01355 234328
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Cutting Metric threads
Harold Hall’s article on cutting metric
threads on an imperial lathe was brilliant.
| was just about to purchase a 127/100
tooth changewheel but after that | thought
| wouldn't bother. Then other things
intervened and | only recently got back to
the business of metric threads. Digressing
for a minute, one thing that intervened was
the need to replace the drive belt on my
lathe. | opted for an endless belt so that
meant removing the spindle of course.
Having done this | then decided | may as
well strip the whole thing and re-paint it
and this | did. The surprise was when |
removed the spindle | could see no sign
of wear or use, it could have been made
yesterday. It was actually made in 1942!
Back to the threads, | knew | couldn’t use
HH's wheel arrangements as South Bend
changewheels don't go in multiples of 5
teeth but in steps of 2, 4 or 8 teeth from 16
to 80. No matter, a bit of work on a
spreadsheet and | had compound gear
trains as HH for the common metric
pitches to an acceptable degree of
accuracy so to the lathe to try it out.
Possibly readers with Boxford or SB are
already smiling. Having only cut inch
pitches | had always just followed the
changewheel chart that came with the
machine, no problem. But what | had seen
every time | changed wheels but had
completely forgotten was that the idler
and combination gears that fit on the
banjo were a different bore to the driver
and driven gears. How observant is that!
To accommodate my compound gear
trains | would have to make new smaller
diameter sliding studs for the banjo, new
journals and new keyed bushes for the
gears, more work than | fancy for what is
after all an imperfect solution. So it's back
to plan A, buy a 127/100 wheel.
Anthony Reid by email

Metrication

| sympathise with Dyson, | too am a
grey head, but with the changes we are
experiencing in our weather patterns |
frequently find the workshop either too
hot or too cold.

So | reverted to the system we used in
the Feasibility Dept where we not only
had to cope with Imperial/Metric
measurements but also standards from
American petroleum companies,
Deutche Mormen(german standards),
British and French Standards, long
before ISO took over.

Taking the Production Drawing as a
gospel | change everything into my
preferred system by calculator, or
engineering handbook. This is then written
on the drawing in red pencil above/
alongside the original dimension on the
drawing sheet. No need to refer to another
piece of paper, or loss of time in
production. All of this is done out of the
Shop, in the House, where temperatures
are more even.

To keep things neat | use a Pentel
continuous pencil lead which is available
in several colours and diameters. Looking
at railway drawings, which seem to have
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SCRIBE A LINE

Workpiece clamping
Harold Hall's article on workpiece
clamping was a gem; | read it with
delight and absorbing interest. | found

it to be a very thorough work, so full

of useful information that | don't think

| shall mar another shifting workpiece,
break another cutter or stall the motor,
ever again. By packing on card and using
the Clarkson chuck system | won't mar
the table either.

| have been wary however of pulling up
hard on a simple T-nut, afraid that the high
modulus steel T-nut would generate such
combined bending and shear force in the
low modulus cast iron T-slot lips that these
would shear out (examples seen with
horror in machinery scrap yards).

If the lips are clamped between the
T-nut and say a steel nut and washer
then the iron is only in pure compression
({easily withstood) and pure shear over a
bigger area subject only to minor cutting
and vibrational forces. A comment on
this by someone of superior experience
would be very welcome, if only to stop
me worrying about it.

May | make a small useful addition to
this topic - some years ago | bought a
quantity of 5/16 BSF studding which |
conveniently cut to whatever length was
most appropriate to each job involving
clamping workpieces to my imperial

lots of fractional sizes, it is surprising how
many are repeated, so the number of
calculations can be reduced by noting
each size in the margin, this also can be
transferred from sheet to sheet.

Please can you publish a Workshop,
heating and ventilation system suitable for
the larger size, mine is a 30'x8" concrete
garage with a new wooden roof and
double skin doors. | don't like the propane
heaters, they make too much water
vapour. Regards to all readers. Keep up
the high standard.

Keith Harrison by email

Metrication 2
There still seem to be rumblings in “Scribe
a Line” about the use or otherwise of
metric measure, | thought some readers
might be interested to hear of my findings
when measuring a Dremel grinder for a
particular application. Being of German
origin, one would expect to find all the
threads to be metric, but | was somewhat
surprised to find that the nose hand grip
moulding is threaded 3/4 inch BSF and the
collet chuck threaded 9/32 inch x 40 tpi. It
would seem that engineers in Europe are
less taken up with the political correctness
of using metric and more concerned with
using the most suitable thread for the
particular job in hand!

Stuart Walker by email.

Ebay Asia Engineer

| have just been caught out by ordering
the wrong item in relation to the

article on a low cost digital rev-counter
from the February issue of MEW (No.

measure lathe - the cut
was quickly made by
hand hacksaw and
smoothly de-burred offhand on
the bench grinder. A collection of
various lengths gradually accumulated
in the miscellaneous box.

Along with workshop expansion
including acquisition of a metric vertical
mill | went metric. At no great expense a
quantity of M8 studding, nuts and thick
washers was obtained, the existing
T-nuts run through with an M8 tap (the
pitch and diameter mismatch is of no
importance here). The lathe was then
equipped with its own calculator to
multiply or divide by 25.4! In all a doddle
especially as, without giving away my
exact age, my first units of measure were
rods poles perches bushels hands
drachms carats and even cubits. Along
with school science came the cgs system
but with vulgar fraction inches and
number and letter drills in school
metalwork, followed in electrical
engineering by the MKS system, in
structures by inches feet and poundals
and throughout, Whitworth BA BSP CEI
Unified ASA and Holzapffel screwthreads.
| am now very happy with Sl (aka metric),
it all hangs together but I still find myself
saying that | can’t fathom some things.
Peter Peters by email.

147). The source of the meter was
giorgiao11185 trading as Asia Engineer.
There are different versions of this
meter, which all look identical, but
differ in the voltage of the input signal.

| inadvertently ordered the version with
an input voltage range of 50-300V rather
than the one used in the article which |
assume was 0-5V.

After receiving the meter (took about two
weeks from China) | could not get it to
work and emailed the vendor who was
very helpful and gave me instructions
about modifying the meter. The
modification was to change R16 on the
PCB from 47k to 2k. The moral of this tale
is to read the EBay listings carefully since
the input voltage was mentioned,
although no mention was made of
different versions.

On a related matter, | am using the
rev-counter on my Myford Speed 10 lathe
which has a 65 tooth bull wheel rather
than the much more useful 60 tooth
wheel on some other lathes. | am sure it
must be possible to use my 65 tooth
wheel with a sensor of the type
mentioned in the article and then reduce
the pulse count electronically to
compensate for the extra pulses. My
thinking is that if every 13th pulse was
removed from the pulse stream from the
sensor, this would provide the same
number of pulses as a 60 tooth wheel. If
any electronics wizard could come up
with a simple circuit to do this, | would be
very grateful as might others in a similar
situation.

Douglas Johnston Dundee.
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YOUR CHANCE TO TALK TO US!

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

Ebay Asia Engineer 2

| have just competed the installation of
a ‘rev counter’, as described by Mike
Crossfield, (Issue No 147) on my Micro
lathe.

However, Asia Engineer now sell
Frequency meters with various input
voltages, and unless you specifically ask
for the 1 to 5 volt version, you may be sent
the 50 to 300 volt version as happened to
me. | now have the correct meter!

Some advice to readers of MEW may be
in order, so that they don't fall for the
same trap as | did.

My rev counter now works well, so my
thanks go to Mike for his article.

Bob Russ Melbourne Australia.

Is there a good paint
for aluminium?
| use aluminium a lot for making optical
devices. The shiny metallic surface is often
not wanted, or even, in work with lasers,
downright dangerous. | have been trying
to paint aluminium for years, without
much success. | have tried polishing,
sanding, etching with sodium hydroxide
and scrupulous degreasing but no
pretreatment seems to make paint stick.

Anodising is difficult for amateurs and the
black dye works only for visible light: it has
little effect on reflection in the infra-red. |
have tried proprietary chemical blackening
mixtures and have found the result has
little resistance to scratching and none to
salty water (a common hazard in the labs
where | wish to use my aluminium
creations). Matt black paints (which | often
need for optical purposes) tend to flake off
very readily, as do most enamel paints.
There is a water-soluble ‘special metals
primer’ for Hammerite but this seems, from
numerous messages on the web, to peel
off readily. Has anyone found a treatment
that works? Is there some pre-treatment
that would make Hammerite stick? What is
powder paint and can it be applied without
a huge autoclave and vent system?

Brad Amos, Cambridge.

Thank you Warco
Firstly, can | congratulate you on a
fantastic magazine. | look forward to every
edition of MEW. | purchased my Sieg X1
Mill 2 weeks before you started the articles
on CNC conversions etc. Perfect timing.

However, the main reason for writing is,
could | use your magazine to say a very
big and public thank you to WARCO who |
know advertise in MEW. | purchased a ZX
15 Mill from them last February. The mill
was exactly what | wanted and does
exactly what I want it to, and some.

The lower spindle bearing began to
squeal in early May this year. Just 2

WRITE TO US!

We would love to hear your comments &

guestions and also feeback about MEW

THE STAR LETTER OF THE MONTH WINS A WORKSHOP PRACTICE BOOK

months out of warranty, | couldn’t believe
it. | chose a few colourful and choice
expletives and decided to get to it and
strip down the head and replace the
bearing but this was not as easy as | had
first thought. The bottom flange would not
budge. | phoned WARCOQ and told them of
my woes. The very nice lady casually said
"wrap it up and we will organise someone
to collect and repair it for you”. The next
day, a courier arrived, took it away and it
arrived back repaired one and a half weeks
later. No charge, no fuss no problem.
Thank you WARCO, That is after sales
service as it should be.

lan Allgood, Cambridgeshire

Stepperhead lathe
| would like to thank you for your
presentation of my article on the
Stepperhead lathe. The photos etc have
been nicely fitted to the text. | noticed
one tiny typo in issue 152. On page 15
two thirds down the first column it states;
“The saddle is narrow and is guided by
the front bedway” whereas it should
read “The saddle is narrow guided by the
front bedway”. | do not suppose most
readers will notice this but it does give a
completely different meaning.

Alan Jackson by email.

Small furnaces

| vaguely recall your asking at some time
in the last year or so for suggestions of
topics for coverage in articles in ME. Just
recently | have been thinking about a
project that could involve heat treating
parts and realised that | could not recall
having seen anything in ME or MEW about
heat treatment furnaces. This is a topic on
which | know nothing so | cannot offer to
write. | imagine there will be commercially
available small furnaces suitable for small

Alternative

protective

clothing

Here is a hint

for others, how

often do you feel in

your workshop coat

pocket for the micrometer

or spanner, only to find it full of swarf
having worked at the lathe?

Change your protective clothing, use a
wood turner's smock top, zipped to the
neck with closable collar and cuffs.
Most importantly the pockets are
behind you on the back, well away from
the swarf. Little or none arrives in that
direction.

Ken Willson by email.

scale amateur use, and that there will be
model engineers owning/using such
equipment. If not then perhaps there will
be jewelers who use similar furnaces/kilns.
There are perhaps even relevant articles in
some sister magazines, or former sister
magazines, that could be reused/modified
to inform the model engineers. | hope this
suggestion is at least of some slight value.
lain Miller by email.

Any takers to write the article on furnaces?

Dehumidifiers
There has been some rather strange
advice about the use of dehumidifiers with
suggestions that they may be best used
on a timer and that they are only needed
when the humidity reaches 60 - 70%. |
would suggest that both are misleading.
Putting the dehumidifier on a timer may
appear to save money but no one should
be surprised if it doesn't work and if one
allows the humidity levels to reach 60%
you may just as well not bother. From
my experience you need to keep the
workshop temperature consistent and not
let the humidity rise much above 45% and
this is best achieved using a humidistat
which is left on permanently. Provided
the workshop is adequately insulated
and protected with a suitable wapour
barrier you will find that the dehumidifier
only runs during inclement weather and
spends much of the time unemployed.
It's useful to bear in mind that the higher
the temperature the greater amount of
water can be held in the air and that as
the temperature drops the air has less
capacity to hold its moisture and is only
too willing to condense its moisture
on to cold metal surfaces and help fuel
corrosion. This tendency to condense
water is not limited to metal but can also
be a problem where it forms on cold
masonry, and in the case of inadequate
vapour barriers and insulation, can be
trapped within the insulation and so
develop into a serious damp problem if
there is no ventilation or other means
of removing the trapped moisture.
Clearly, ventilation is an important factor
in a workshop and if one is concerned
with substantial heat loss then serious
consideration should be given to a simple
air to air heat exchanger. Whilst accepting
that low humidity in the workshop is the
best way of beating the rust, it needs to be
recognised that low levels of humidity not
only effectively absorb the water from any
water based coolant you may be using,
but may also dry you out and give you a
headache!

Stuart Walker by email.

Write to the Editor, David Clark, Model Engineers’ Workshop,

MyH obbySIore Ltd., Berwick House, 8-10 Knoll Rise, Orpington, Kent

BR& OEL. Alternative |y email: davicl.clurk@myhobbysfore.com
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HEADLINE SPONSORS:
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MODEL ENGINEERS’

WORKSHOP

11-13 December 2009 ® Sandown Park Racecourse

years.\ |

By popular demand this year’s Model Engineer Exhibition will be
returning to Sandown Park Exhibition Centre. The event promises

to be the premier event in the model engineer’s diary for 2009, with
hundreds of world class models on display and entered in the world
famous Model Engineer Competition. We also offer you the chance

to come along and visit the UK’s leading specialist suppliers, plus the
opportunity to meet the clubs and societies who help and support those ===y -
wishing to take up this fascinating hobby. i . :

© The world class Model Engineer Competition

> The SMEE Lectures

O The wide range of Club and Society model displays and working
demonstrations

© The UK’s leading trade specialist suppliers

C The workshop tools and equipment made by model engineers

0 The railway, traction engine and stationary steam models

2 The Stirling, IC and gas turbine
engine models

C The aircraft and marine models

2> The boat pool organised by

The Surface Warship Association

FOR ADVANGED TICKETS:

01689 899 210

TICKET HOTLINES OPEN MON-FRI, 9.00 - 17.30

www.myhobbystore.com

EXHIBITION OPENING HOURS: 10.00 - 17.00 FRI & SAT / 10.00 - 16.00 SUN.

LAS ADM[SSION' 1 HOUH BEFDHE SHOW CLOSES EACH DAY.

at g withdrawn without




\ | SALE @o

e | THE BEST OF %%

Dear Readers | THE BEST OF

| get a lot of pleasure putting together the N : NN
Model Engineer Specials. | select good quality
interesting articles for your enjoyment. \::
Pre order your copy now, \
and it will be sent to you hot
off the press.
I am sure you will find :
p.‘enty ms;de to interest you. EST.1898

www.modelengineer.co.uk
Autumn Special 2009

EXCLUSIVE &8
o e
WH Smith &

Dawd Clark, Editor

a hot air engine and

‘engines designed by

| Y HOT AIR AND A LOCOMOTIVE DESIGN
0 | STEAM ENGINES FROM MARTIN EVANS
Edgar Westbury FROM STAN BRAY I/C AND STEAM ENGINES

W Workshop articl A /C AND STEAM ENGINES
pages Of Model ' P

WORKSHOP ARTICLES FROM THE PAGES OF MODEL ENGINEER

PRE-ORDER YOUR COPY TODAY!
buy online at my(;lobbystore or call 0844 848 8822

Phone lines open Mon-Friday, 10am - 2pm
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MODEL ENGINEERS’

Machines and

tools offered

B Myford Super Seven on
Myford stand with tray, 230V,
forward/reverse switch in very
nice condition, three jaw chuck,
faceplate, travelling steady,
change wheels etc, £1150 buyer
collects. Tel (023) 8077 9366
Southampton.

B Boxford TUD 4'4in. five speed
lathe, single phase on original
Boxford steel cabinet. Includes
three and four jaw chucks,

half inch tailstock chuck and

miscellaneous cutting tools, £250.

Tel (01276) 28105 Camberley.

M Seig X1 super Micro mill,

240 V. Mk 2 Sieg C2A300 mini
lathe, metric, 240 V. with cooling
system. Clamping kit for Micro
Mill, buyer collects, £400, cash
only. Tel (01343) 543403 Elgin.

B Unimat SL lathe complete with
milling column and casting, three
jaw chuck, drill chuck in tailstock,
£250. Tel (01384) 371225
Stourbridge.

M Harrison M 300 18in. and 12in.

faceplates, £160 and £90. Fixed
steady £150. Imperial Morse
taper shank drills by Dormer
and Cleveland '4in. to 1 inch,
£1-£7 each. Tel (01453) 843946
Gloucester.

B Screwcutting gearbox for
Colchester Bantam lathe £200.
Drummond, small bench hand
shaper, £175. Tel: after 5PM,
(0161) 7989478

Manchester.

M Peatol micro lathe, milling slide,

tools, assembled on baseboard,
reasonable condition, plug in and
go, £180 ONO.

Tel (01288) 361709 Bude.

M 12 in. diameter faceplate,

6 in. diameter faceplate, cam
lock to suit Colchester Student
or Harrison 300, £40. Slotted
driving plate, American type to
suit Colehester student fitted
with American Taper lock, £35,
buyer collects or pays post and
packing. Tel (01270) 568506
Crewe.

M Teco digital phase converter,
T hp 240 Vto 415 V. Will run
3 phase machines from 240 V/
input, eight months old, £300.
Tel (01642) 321537
Middlesbrough.

B Warco Hobby bench drill, half
inch capacity, drum sanding Kit,
surface gauges, vernier callipers,
micrometers, box of files, sold as
lot, offers. Tel (01745) 730735
North Wales.

W Myford top slide and tool clamp
in good condition, believed from
early Myford, £30. Stanelco press
punch about 20 inches high,
hand operated useful tool in good
condition £30.

Tel (01843) 586784 Ramsgate.

Machines wanted

W Santon rotary switch to suit
Fobco drilling machine.

Tel (01494) 563916

High Wycombe.

W Boxford 125 TCL CNC lathe,
control panel switch wiring
diagram, operating manual,

any data. Tel (01373) 300930
Westbury.

Models offered

B 5 inch gauge Maid of Kent
chassis, has run on air, plans,
smoke box and all castings to
complete, boiler, firebox, tubes
and tubeplate included £350.
Tel (01925) 227910 Warrington.

Books and

Magazines offered

B Model Engineer magazines
1948/50, volumes 99/100
hardbound, volumes 101, 102,
103 complete unbound, volume:
108, 2 issues missing, reasonable
offers for complete volumes or
whole lot, buyer pays post and
packing or collects. Tel (01442)
26622 5 Hemel Hempstead.

B The Modern Motor Engineer
published by Caxton in five bound
volumes, well illustrated and
informative, good condition £30
plus P+P. Tel (01322) 330556
Dartford.

FOR SALE Wanted MAGHINES Tools MODELS Miscellaneous BOOKS Magazines MATERIALS [nformation

YOUB FREE ADVERT'S EM ENT: (Max 30 words plus phone & town - please write clearly)

Phone:

Town:

I\U Mobile phone numLerb excepi by [Jrlor “arrangement it

P|8db” use nearest well k 1own U.JHJ

MEW153

Please insert advert into: (Tick one box only)
(] Model Engineer [_] Model Engineers' Workshop

Please post to:
David Clark, ME/MEW FREE ADS, MyHobbyStoreLtd,

T — Berwick House, 8-10 Knoll Rise, Orpington, Kent BR6 OEL

Photocopies of this form are acceptable.
Adverts will be placed as soon as space is available.

I i B e B e B S S O T e s

Terms and Conditions:

PLEASE NOTE: this page is for private advertisers only. Do not submit this form if
you are a trade advertiser. If you wish to place a trade advert please contact Duncan
Armstrong on 01689 899212 or emall duncan.armstrong@myhobbystore.com

By supplying your email/ address/ telephone/ mobile number you are happy to re-
ceive information and/ or products and services via email/ telephone/ post from or
in association with MyHobbyStore Ltd. or its agents who may mail, email or phone
you with information and/ or products and services reflecting your preferences.
Tick if you don't want offers from us [} or third parties [

s lPOSIBO0R e wisinin
Mobllgsssmnnmmmmannvmnnannane DO Bsmmmanmmmiaammamn
Do you subscribe to Model Engineer (L] Model Engineers' Workshop [



TRACY TOOLS LTD.#&H
W phone for
Unit 1, Parkfield Industrial Estate, Barton Hill Way, Torquay, Devon TQ2 8JG FREE
e Tel: 01 803 328603 = Fax: 01803 328157 » Credit Card Hotline: 01803 326430
ALWAYS AVAILABLE Website: www.tracytools.com email: info@tracytools.com
NG TAPS & i 1y % 40 40, 7l 3 40, My x 40, %- % 32, %15 % 32, Y= % 32 = APS £20 SET D 20
2 SPECIAL MODEL ENG, SET each size) ax 32, s x 40, x 40.% x 40, T 32, ex 40, Yy % 32, ;%40 | TAPS £24 SET DIES £24 SET
3. BATAPSET each size) & BA DIE SET:0,1,2, 3.4, 5,6,7, 8,9, 10 BA - | TAPS £20 SET DIES £20 SET
4, 26 TPI TAP SET (2 Taps each size) & 26 TPI DIE SET (CYGLE OR BRASS THREAD) s x 26, 1 X 26, s X 26, "o X 26, /2 X 26 | TAPS £20 SET DIES £20 SET
5. BSF TAP SET (2 Taps ach size) & BSF DIE SET: ¥y, Vs, Yy, ', o | 7APS £20 SET DIES £20 SET
6. BSFTAP SET each size) & BSF DIE SET: "/, %15 %1, 1" 1 | TAPS £20 SET DIES £20 SET
. BSW TAP SET (2 Taps each size) & BSW DIES; s, ¥, s, s, e, 15, s s, Vo | TAPS £20 SET DIES £20 SET
8. BSW TAPSET (2 Taps each size) & BSW DIES: *e, %, Y, Vs, 1" | TAPS £20 SET DIES £20 SET
9. METRIC COARSE TAP SET each size) & METRIC DJE SET:2,3,4,5,6,7, 6.9, 10, 12 mm = | TAPS £20 SET DIES £20 SET
10, METRIC COARSE TAP SET (2 Taps each size) & METRIC DIE SET: 14, 16, 18, 20, 22, 24 m/m | 7aPs £25 SET DIES £25 SET
1. UNF OR UNC TAP SET (2 Taps each size) & DIE SET: 0 10 12 UNF or 1-12 UNC E‘ TAPS £20 SET DIES £20 SET
12._UNF OR UNC TAP SET {2 Taps each size) & DIE SET: ', s, Vs, 115, s, 5,2 TAPS £20 SET DIES £20 SET
13 UNF OF UNG TAP SET {2 Taps each size) & DIE SET: s *ls, sz, 1" ~ | TAPS £20 SET DIES £20 SET
14.  GAS (BSP) PIPE SET: 'ts, [y, s, "2, %5, %s (2 Taps each size) -1 | _TAPS £30 SET TAPS £25 SET
15, METRIC FINE PITCH SETS (10 sizes from 3 - 12 m/m) TAPS & DIES | (10) TAPS £20 SET DIES £25 SET
16, METRIC FINE PITCH SETS (6 sizes from 14 - 24 m/m) TAPS & DIES . |"(6) TAPS £20 SET DIES £25 SET
17, ENDMILL SET (THREADED SHANK) ['/s, %:s, Vs, s, %, s, =] or (m/m 3,4, 5. 6,7, 8, 10,12 m/m] £25 EACH SET
18, SLOT DRILL SET (THREADED SHANK] [, s, s, %15, s, "hs, "] o (m/m 3, 4, 5,6, 7,8, 10, 12 m/m] £20 EAGH SET
19.  ENDMILL %g, s, Tlg, 1" DIA, WITH %5 THREADED SHANK TO FIT COLLET CH!J_C@( 8 4
20, GOUNTERBORE SET (FOR SP [, s, %, 'he, ] £30 EAGH SET
. REAMER SET (STRAIGHT SHANK) [':c, 2, Yo, 2, %10, V', s, Ve, The, 2] OF [/m 2, 3,4, 5,6, 7, 8, 10, 12 m/m] £30 EACH SET
US SIZES BETWEEN s - ¥ STRAL RAIGHT SHANK £6L0T
- ORSE TAPERS) o0 7,21 @EIBER.  Wo3 @£ N0.4,5, 6@ £35
g, Hhe, Vs, F12 3ET
|24, D-BIT SET (FOR DRILLING SQUARE BOTTOM HOLES) "Iz, s, s, ss, s, e, 2 DIA £25 SET
25 SLITTING SAW SET (HS) 3 PIECES, BETWEEN T, - [FINE TEETH] T
.‘O l a ﬂ?
T - 7z 1 - 13m/m @ £16, 7~ 6m/m x.Tr/m @ £20 G- 10m/m @ £30 SET
STA TEEL [ £17 ETIC BASE @ £15
@ £6 EACH
il ] :. 5 ' PROCRET CHAIN] PLEASE PHONE @ £18 EACH
30— TAPER PIN REAWER SET. 'm,’m, g, e, Ve, oz, ﬁ'ﬁg’ésr,s. T, o] 10 PIECE SET - SHEFFELD MADE) @ £30 SET
s
33, REVOLVING HMEGENTFE!F, 1M/ @ £18; 23 /T €20 DRILL GAUGES, IVP, WM , LETTER, NUNIBER @ £4 EACH
34, DRILLS WITH 2 SHANK e, %, %, 7, 1° DIA @ £18 SET DRILLS BELOW ., DIA @ 50p ALL SIZES COVENTRY DIEHEAD CHASES - ALL SIES
35,0 - HGH SPEED DRILL BLANKS, UP O ;. DI, (CAN BE USED FOR BORING BARS, OR SHALL TODLBITS
36. INDEXABLE T00L 11, SHANK @ £10 EACH, WITH TIP [EXTRA TIPS £2]
37._ PARTING OFF COMPLETE WITH COBALT BLADE. Yy, @ £8,5,; @ £13, ", @ £14,; @ £14,%: @ £16 EACH
35, VARIOUS DRILLS, BELOW '/; DIA_70 EAGH. STUB, QUICK SPIRAL, SLOW SPIRAL, LEFT HAND, @ £5 EAGH TYPE
0. ROHM PRECISION DRILL CHUCKS, WITH No. 1 0R No. 2 MORSE TAPER ARBOR s @7, 7, @ £8, 1, @ 10

Also: Selection of Dovetall, Woodruffe, Ballnose, € Spotfacers, Broaches, Knurls, Carbide Centres, Cycle Taps & Dies, Boring Bars, Left Hand Tap & Dies, Milling BRITISH
POST/VAT Cutters, Reamers, Countersinks, Gear Cutters, Slitting Saws, Acme Taps, Dichead Chasers, Socket Reamers, These are available betwéen 50% & 75% off st price WARRIOR
[3°41:1: Wl Oven: Monday to Friday Sam to 5pm  SAME DAY DESPATCH  OverseasP&P POA.  Send for new complete Catalogue (Stamp Piease) syt

Thinking of
e G.L.R. DISTRIBUTORS Lt gfl
Locomotive or starting what we have
another one
LOCOMOTIVE DRAWINGS & CASTINGS
7.1/4”  Tich Dock Shunting Tank Loco 0-4-0 3.1/2" Doris LMS Class 5 Tender Loco 4-6-0
7.1/4" 1366 GWR Tank Loco 0-6-0 3.1/2”  Rainnhill Rocket Type Loco 0-2-2
5"g Dholpur NG Tank Loco 0.8-4 3.1/2” Heilan Lassie LNER GNR Rebuild Loco 4-6-2
5 3.1/2" Rob Roy Caledonian Tank Loco 0-6-0
[+] Butch LMS Tank Loco 0-6-0 31/0"  Mi
- : iss 10-8 NER Tender Loco 4-4-0
Hd = Ghb Fresiea nl L oc0 Ol 3.1/2" Juliet Freelance Tank Loco 0-4-0
5"g Simplex Freelance Tank Loco 0-6-0 A s :
5 : 3.1/2" \Virginia Old Type American Loco 4-4-0
g Springbok LNER B1 Class Loco 4-6-0 e =T
o : 3.1/ City of Truro  GWR Tender Loco 4-4-0
59 g denn EWIR Tenclar Loca e 3.1/2” PV Baker Freelance Tank Loco 0-6-0
5"g Dean Goods GWR Tender Loco 0-6-0 ’
5"g 2251 GWR Tender Loco 0-6-0 2.1/2” Southern Maid LNER K4 Class Tender Loco 0-6-0
5"g Firefly GWR 4500 Class Tank Loco 2-6-2 2.1/2" Austere Ada  Freelance Tender Loco LBSC 2-8-0
5"g Mogul GWR 4300 Class Tender Loco  2-8-2 2.1/2" Olympiade LMS Tender Loco 4-6-0
5"g Peckett Saddle Tank Loco 0-4-0 2.1/2" Dyak LNER K4 Class Tender Loco 2-6-0
5"g Twin Sisters LMS 2F Class Tank Loco 0-6-0 2.1/2" Purley Grange GWR Tender Loco 4-6-0
5"g Pansy GWR 5700 Class Tank Loco 0-6-0 2.1/2" Fayette Pacific Anglo-American design 4-8-2
5"g Tich Dock Shunting Tank Loco 0-4-0 -
5"g Combpyne LSWR 415 Class Radial Tank 4-4-2T 7
5°g  Nine Eims LSWR A12 Beyer Tender Loco  0-4-2 | ° [Tyou are thinking of starting a new
5'g Salisbury LSWR 460 Class Loco a.4-g | Loco or finishing one you started years
31/2° BARARRI LNER BR Pacific L Ao ago, give us a ring for an itemised list
: riannia. acific Loco zim of any of these Locomotives.
3.1/2" Molly & Mona LMS Tank Loco 0-6-0 ’
3.1/2" Cant. Lamb  Copy of original Invicta Loco ~ 0-4-0 | * All castings can be bought as .

3.1/2" Petrolea GER Tender Loco 2.4-0 | complete sets or part-sets to suit your circumstances, . Look cut
3.1/2" Iris GWR Tender Loco 0-6-0 | for our other adverts for all your Model Engineering requirements
NEW PREMISES - G.L.R. DISTRIBUTORS, UNIT 3, GRESLEY CLOSE, DRAYTON FIELDS, DAVENTRY, NORTHANTS. NN11 8RZ
s Tel: 01327 878988 -+« Fax: 01327 876396 ¢+ E-Mail: petegir@btopenworid.com
Web site: www.modelmakingsupplies.co.uk Send 6 first class stamps for catalogue & Price List
OPEN TO CALLERS - Monday-Friday 9.00am - 5.00pm SATURDAY 9.00am - 12.00 noon




MAIL ORDER & SALES COUNTER [
Allendale Electronics Limited .
43 Hoddesdon Industrial Centre,
Pindar Road, Hoddesdon,
Hertfordshire.

EN11 OFF.

Supplersof Digitl Reacouts & TEL: 01992 450780

Specialist Engineering Equipment... vt machine-giro.co.uk

Machine

SALES COUNTER NOW OPEN

e Organise your milling
cutters, taps, drill bits etc.
e Prevent damage to cutting tools.
® 21 Curved recesses.
o 216mm (8 1/2") long, 104mm (4 1/8") vwde&

rrImS)ngh i LT R

=g eae =N Jf_f-_f-‘!f-lmiifll r
M machlne dro co Uki—.ﬂf_

OPENING TIMES
Monday to Friday - 9.30am to 5.30pm
Saturday* - 9.30am to 1.30pm

Jo K *Excludes exhibition weekends. Please see the website for more details.

Allendale Electronics Ltd, 43 Hoddesdon Indusrial Centre, Pindar Road, Hoddesdan, Herts, EN11 OFF. Tel: 01992450780 Fax: 01992 450781

Imperial Tools & Engineers Supplies Clearance Sale

Discounts Of 50%-85% Our stock range suits model engineers, maodel
makers, renovators and rebuilders of old vehicles
etc and all industrial workshop environments.

Threading Tools & Fasteners & Fittings for BA. BSP. BSW. BSF. UNF. UNC. Tiny metric
Abrasive Products — Sheets, belts, discs, grinding wheels, rolls, oil stones, mounted points
Materials — aluminium, brass, bronze, nylon, silver and stainless steel, GFS, Toolsteel
Machine Shop Equip —lathe tools, chucks, revolving centres, milling cutters, saw blades
Hand & Precision Tools — sockets and spanners ‘T’ handled and jacket set, Allen keys etc
Safety Gear — shoes, boots, eye and ear protection, waterproofs and overalls.

Rocol products, grease, aerosols, oils, paints, adhesives. Grease nipples and stauffers

Free Nationwide delivery service on orders over £100. No VAT to pay

www.imperialtoolsuk.com or call 07968 369413
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MINI LATHE

available in metric or impedial P O
* 3MT with draw bar
* Fime spindle feed
* Unique spring leaded plunger to
locate column in vertical position
*+ Table: 460x 112 mm

VARIABLE srggp * Distance spindle to table 290mm

MINILATHE D

+ Gentre height: $0mm
* Distance befween centres: 300mm
+ Tailstock taper: 2MT
* 100mm long tailstock base for added rigidity.

Ower centre clamp = quick action locking
+ Digital rev counter
* Speed memory buttons L
+ Hardened & ground bedways 2 , :
» Each lathe supplied with individual accuracy test report avaﬁabfe_ in metric
or imperial

WMT240 VARIABLE SPEED LATHE

* Metric or imperial leadscrews and dials

* Centre height: 105mm

+ Distance between centres: 400mm

* Tailstock quill: 2MT

* Range of spindle speeds: 50- 2,200 rpm

* Supplied with 3 / 4 jaw chucks, fixed and
travelling steadies, faceplate

= Precision spindle on taper reller bearings

* Metric/imperial threadcutting

+ Individual accuracy test report

WMT 500 The Ultimate Combination Machine

+ Centre height: 150mm

+ Distance between centres: 500mm

+ Power cross feed

+ Imperial/metric threadcutting

+ Thread dial indicator

+ Fine fieed handle and calibrated dial
for accurate milling

¢ * Machine can be used immediately

using standard accessories supplied

Including free of charge drill chuck,
arbor, live centre and 5 piece lathe tool set.

/ee DIGITAL SCALE

Digital scale. Inch, metric and fractions. Magnetic counter.
575mm alloy scale, easily cut to suit specific requirements,

* Table size: 700 x 180mm

* Maximum drilling capacity: 16mm

= Cross travel 175 mm

= Range of spindle speeds: 50 - 2,250 rpm
= Motor 400w

= Locks to head, columnn and slideways

= Digital rev. counter

= Captive, self ejecting draw bar

= Digital de pth gauge

A FREE EVENT NOT TO BE MISSED!

[WARCO ] 0PEN WEEKEND

12th & 13th September

College E"gmeenng andJB Too{mg' This year will feature wood turning dem onstrations by Gregory

Activities to interest model * Full size live steam

engineers, wood turners
and their families. This
year we will be joined by

+ Scale traction engines in steam

* Guildford Model Engineer Society exhibiting
part and fini: ,alsor ing their
16mm NG Garden Railway portable track.

Moreton together with The Surrey Association of Woodturners
demonstrating and discussing the art of wood turning.

Professional joimer d trating a combinati iworking
machine, planing, thicknessing, splndle moulding and slot
morticing.

Huge savings on ‘cash and carry’ small engineering and wood-
working tooling & machines. Attractive deals on machinery

| purchases. Selection of ex demonstration, shop soiled and
part exchange machines. Be early to pick up a real bargain.

* Roy Darlington will be displaying his collection
of Stirling engines.

+ SMEE will be on hand to discuss their
excellent model engineer courses.
Many more models on display from clubs
and model engineers.

Warco engineers demonstrating turning and
milling skills, also to discuss any technical matters

All prices include UAT and U. K manland delivery ® Please rmg for our Iatest mfo packed brochure!

WARCO, FISHER LANE CHIDDINGFOLD SURREY GUB 4TD =

Tel: 01 428 € 682929 warco@warco.co uk.
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All online orders in July o
oiler Fittings,
Paint,

° Transfers,
Drills,
Taps & Dies,
Bar Stock,
° Rivets,
Bolts, Screws,
& Washers,

Spring Steel,

Brazing & Silver
Solders
and much more.....

enter MEW in 'promotional code' for your discount
jreeves.com between 01/07/09 and 31/07/09

offer only available to orders placed at www.a

Reeves 2000,
Appleby Hill 9:00am- 4.30pm Monday - Friday
Austrey, Warks, 9:00am-12.00pm Saturday

CV9 3ER

The World's Largest Stockists LREEVES )

of Model Engineering Supplies :

| Stock [
') Clearance.... @

.....

Trade Counter Now Fully Stocked and Open to Callers - ALL WELCOME 26th Edition Catalog ue
Reeves 2000 9:00am-4.30pm Monday - Friday

Appleby Hill 9:00am-12.00pm Saturday ‘. Fre

Aﬂgt,e,}' Closed Sun, Bank Holiday Sat & Mon ES;O%ZPEB_“O"&:F o

Warks Tel: 01827 830894  sales@ajreeves.com Rest of World: £12.00 inc p&p
CV9 3ER Fax: 01827 830631  http:/lwww.ajreeves.com Mew Price List 4 x 1t Class Stamps




® 300mm between centres
® LH/RH thread screw cutting
# FElectronic variable speed ® Gear change set
 Self centering 3 jaw chuck & guard @ Power feed

0844 880 1265
-ONLINE

Full range of

accessories available Jamm,

MICRO MILLING &
DRILLING MACHINE

Clarke Sy — oMl | ® Tables tilt 0-45°
; left & right

50w/230v motor e s I Espthngew . ; ?mered with cast iron
Variable 100-2000 ] B = ; 98 - column
s Sni :'??Tdaw pm : g _ = * Chuk guards . Sﬂmdle eads 100-2150pm

® Face mill capacity 20mm, By B=Bench mounted F=Floorstanding ST | :‘;ul:ip. 1 Ph modor
end rill 10mm & Table cross 3 . ol ® 63mm Inl||elsﬂ ﬂLaJmEf
travel 90mm, longitudinal \ .  16mm dmckg

travel 180mm ! oTable size
g : " Lll[ll.l:l}.?}! T
r - BARTE 08
Il (OFBIFSTITE £5

* Includes wet T
slot table & worlight

DIY KIT - CABTH ® Superb range ideal

" Spray pattem adjustable &, for DIY, hobby &
h ONLY £7.99 EX VAT SW VICE ; BT cerni-professional use
(& Y mANcwT T ¢ gt of Swel ase
'ﬁ KIT - CAB2P (pictured) vices with fop quality | = ¢
» Double action Rrigger for accurate air/faint control castiron construction d .

« Precigion machined nozzle » Special lightweight hoss
ONLY £21,99 EX VAT £25.20 INC VAT

FROM ONLY
¢1G L
-\'.l

oHardened aly steel chain PPN : - ; i
Mol ke Bl o) : Jmmnn«ummxuwm gﬁ\rg i’ﬂ%ﬁ}
R i
[EXVAT  INC VAT : 'T.

HS00 500Ky ¢ €24 .. o T (GE77  T0rah g [l
memw.} | L T : 74 LN ME T iz

ULPL FRRT) 264.99 £74.74 » Height adustale stand withclamp » Rotary Tl ARC ACTIVATED e ARy <1599 £159.7 RAC AR IR LT 20956
Mmee.:ﬂ!ﬂ'iﬁf‘ .98 913"1 AR ‘ o 1m flexible drive @ 40x accessories/consumables HEADSHIELD T X s " Clarke CEEL =0

s90.095114.95 s Gues oye protectonto (B i I 349, ; WORKBENCHES
EN379 & Activates i 0

ntly when arc is struck
e for arc, MIG,
TIG & gas welding

« High quality ES; ® For use wih
tungsten steel drills, lathes, milling
: - miachines, circular

{ saws o Variable

5 M Ex;;; MH)L;][ HP of o i
] A ' | match HP of motor . :

" own fitted with optional 3 d it

5 1956 [ ] | . biern AR o e o
EX VAT I VAT mm Soss 52200 fry N @ J sy EXVA HO W
£19.98 £22.98 rie /U £20.98 RN & handis for easy mancewrability : O il £16998  £195.48
£90.08 £34.48 £30, . ® 101psi {7 Bar) B 650xEE £189.98 £218.48

£30.08 £45.98 [T T e ook L g3 % i DL T 2099 26148
.35
gun, delivery hose, 4 } 63}
:::g ::;:: .ﬂu-h MAGNIFYING LAMPS i e . @) oEL . CFusE ExvaT e
safety e — I imple fast assem|
_ :;smﬂﬂcim e & : 5 (P20 2 10amps I : d mhmﬂinutes using onl)l?
HIGH OUTPUT FANS 'MluslaHB speng b o 5
o Robust sieel filting stand W DOSMMIIHJ

® Quick fixing
universal clamp base

Includes:

® Gas regulator @ Earth
. clamp ® Face mask

@ Lisad for ARC & TIG welding, . Weldmg torch

= utilising the latest technalogy FROM ONLY

* Low
kLN £1 69,72,

AT £195:5.

B8
vl Dodywork & thin
E172:8 il stainless steel MDI. MIN-| MdPS F_‘.( U'M INC VAT

£169.98 £185.48

it

: e (L

urbe : £219.98 £252.98

urbo £24998 £267.48 ] &
) i y - :
® 4"x36" belt - tilts & locks at any angle 0 to 7 : ;" L] £32098 £379.48
S0° » B" diameter disc ® 6" dust extraction s - e urio £300.08 £450.08
port @ Supplied with removable sanding table ~ \ . 5 . w £42098 £494.48

DUR NC [ D EE DF a2 -CL500M

() 7]

SEE LISTING * BARMSLEY Pontsfract Rd, Barnsley 01226 732 207 50 Lobley Hill A, 0191 493 2520 NOTTINGHAM 211 Lower Parfament 5L 0115 956 1811

3 Hsv WAYS To B“Y B'HAM GREAT BARR £ Birmingham Rd. 0121 358 7977 GLASGOW 280 Gt Westem Rd. 0141 332 8231 PETERBOROUGH 41 7 Lincoln Rd. MEliekd 04733 311770
B'HAM HAY MILLS Coveniry Rd, Hay Mils 0121 771 3433 GLOUGESTER 2214 Barton St 01452 417 948 PLYMOUTH 58.64 Rl 01752 254050
BOLTON 1 Thynne 51, 01204 365799 GRIMSBY Elis Way 01472 354435 POOLE 137-139 Bournemeuth Ad. Parkstone 01202 717913
BRADFORD 105-107 Manvingham Lane 01274 390962 HULL 610 Heldemess Ad. 01482 223161 pORTSMOUTH 277-289 Coprar A Copror 023 9265 4777
BRISTOL 1-3 Church R, Lawrence: il 0117 935 1060  |LFORD 746-743 Exstem Awe 0208 518 4285 ppeson 53 Backped Al e -
BURTON UPON TRENT 12a Lchéekd 51 01283 564 708  LEEDS 227-229 Kirkstall . 0113 231 0400 e e 0114 %58 0831 - 0.00 ange
C‘mlFF“-lBDEM 029 2046 5424 LEICESTER 53 Mefton Rd. 0116 261 0688 SOUTHAMPTON 516-51¢ Part Bl 023 8055 7788 = b - off accessorie
CARLISLE 85 London Ad 01228 591666 LINGOLN Urit 5. The Palham Centra 01522 543 036 T e e available
CHESTER 43-45 St James Street 01244 11258  LIVERPOOL 0-88 London Rd. 0151 709 4484 MEOTIET B 'Hm 2 ® 430mm between centres
COLCHESTER 4 et Stafion B 1206 762631 LONDON 6 Kendal Pasads, Edmonton W13 ___020 803 0961 10O TRENT Wateoo Rl Harley 01762 267321 | o Compgund siide with 4 way tool pst
COVENTRY Bishop 5L 024 7622 4227  LONDON 503-507 Lea Bridge Ra. Leylon, E10_020 8558 6284, SUNDEALAND 1315 Rfps Rd Gargetown 0191 510 8773 |} @ Power fed screw cutting facility
CROVOOM Brihon A Scuth Crapdon__ 020 8763 0640 LONDON 100 Th Higfay, Dockiards 020 7488 2129 SWANSEA7 Sumlt A Liealet 01792 757969 || E‘ﬂ’;ﬂﬁmﬁ:ﬂgﬁtﬂﬁﬁﬂr i
DARLINGTON 214 Northgate 01325 380841  MAIDSTONE 57 Upger Stone St sie27eaGr IMBONA VoINS AW Wernen optional floor stand & ::‘;;
DEAL (KENT) 182-15 High SL 01304373 434 MANCHESTER 71 Manchester Ad. Alvncham _ 0161 941 2666 TWICKENHAM 8385 Heatn hd 020 8892 9117 oy 429,98 EX VAT £149.98 INC VAT
DERBY Derwent 5t 01332 700931  MANSFIELD 169 Chesterfield Rd. South 01623 622160 WARRINGTOM Unit 3, s Trae Pk 01925 630 937 N ALSO AVAILABLE:

DUNDEE 24-26 Trades Lane 01382 225 140 MIDOLESBROUGH Mandale Triangle, Thomaby 1642 677881 WOLWVERHAMPTON Paricfield Rd. Bilston 01902 494185 || CL430 - As above but without the Mill/Drill head
EDINBURGH 153171 Piersied Terace 0131658 5919 WORWICH 262a Hsigham St 1603 766402 _WORCESTER 4a Ugger Tthing 01905 723451 | \E599.98 EX VAT £686.98 INC VAT

~ Maximum eallnllwuesl‘rvmaBThndllmaNEw'mm 10 0844, Calls from mobile & other networks may vary.
Farsacumymons calls may be monitored. MlpnuscurmtalmutqumutomWsmnsﬁmnummmamnmus&pmmwum .ﬁlnﬂmwhpcttomlahiﬂy,i&ﬂi
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GWR Precision specialise in precision
machining in all manfacturing areas
including toolmaking, motorsport,
machine manufacturers components,
medical and now madel engineering.
Our new online model engineering
store will continue to grow over
the coming months. i _
Ifthere are any items that you wish to »——-“
order that‘are not in our.store, contact
us via email and we can get a quotation
fortheitems you require. =

LTD Stlrlmg Engine from £180
4 This LTD (Low Temperature Difference)
g \ Stirling Engine runs on any warm or cold surface.
These engines are a great gift for someone
who likes technology or physics.

Each engine is assembled and tested by
hand in Germany and comes in a high quality all
black gift box with black foam insert.

It simpl
requires &D s’t;m; | Our new Stirling engine range is

temperature available with a product launch
‘ (3P Discount of 10% for limited time only

www.gwrprecision.co.uk
» Fora quotation, please email a drawing to: sales@gwrprecision.co.uk
GWR Precision Ash Tree Cottage, Llangedwyn, Oswestry, Shropshire SY10 9JT
Tel: 01691 828010 or 07895 000156

= ‘}- DRIVES DIREC TERERAAZ: FVEET T RN

B pigital Phase Converters -saIeS@drivesdirect.co.uk

DIGITAL INVERTERS THE NEW DRIVES DIRECT ROTARY PHJ\SE DIGITAL PLUG & PLAY CONVERTERS,

Basic 220 Volts input - 220 Volts output

CONVERTER POWER YOUR WHOLE WORKSHOP WITH
These small and compact basic 220 Volt THE BEST QUALITY " ONE CONVERTER
output inverters allow you to runa AT THE BEST PRICE These units come in sizes ranging from 5% HP up to 30 HP
DUAL VOLTAGE motor from a single ANYWHERE and they will convert a single phase 240 Volt supply into
phase supply, they come in sizes from ; a 415 Volts 3 phase regulated output, various versions
Vi HP up to 3 HP(0.18kW up to 2.2kW) and * Simple Plug and Play 3

are available from units to power basic machines up to
advanced systems that can be used to run CNC machines
and welders via a workshop ring main and are able to run

offer SOFT START, SPEED, ELECTRONIC Phase Conversion. I
BRAKING and JOG functions via the low 240V Single phase input
voltage remote control terminals, they are perfect for fitting with a 415V 3 Phase+N

into workshop machines, it is often possible to connect the output via a 5 pin socket. more than one machine at once, please call us with your
remote START/STOP and FOWARD/REVERSE tfo the machines  * Input and Output overload Iegunements.

existing controls as long as they are of the maintained type protection via MCB. Prices start at £649.95

(IE not push button). & |nput Amp meter. & Pushbutton START/STOP controls.

= 14 HP(0.18kW) £77.50 = 2 HP(0.37kW) £94.95 = Mains ON Pilot Light. = No MINIMUM LOAD required.

=1 HP(0.75kW) £134.95 = 2 HP(1.5kW) £189.95 ® 2HP - £475 = 3HP - £550 = 4HP - £650 « 5%z HP - £750 |

* 3HP(2.2kW) £239.95 ¢ 7%z HP - £950 « 10HP - £1095 = 15HP - £1375

Basic 220 Volts input - 415 Volts output 3 PHASE ELECTRIC MOTORS

These basic 415 Volts output inverters
come in 3 sizes from 1HP up to 3HP
and they offer all the functions of the
220 Volt output version BUT the fact
they offer 415 Volts output means
they can be used with mators that are
NOT DUAL VOLTAGE, this would often
be the case on alder motors or on

We offer a range of high
quality aluminium 3 phase
motors in sizes ranging

from 90 Watts('/s HP) up to
2200 Watts(3 HP), the 90 W
motor being one that's small
enough to hold in the palm of
your hand with a 9mm shaft

At Drives Direct we pride ourselves on customer
] Im service and we offer you full telephone technical

Eﬂ“ﬁ;?&gg%mgngs j ﬂ?&ﬁm’; i‘}g”g 0 support to guide you through the wiring and

2 HP (1.5kW) £329.95 Prices start at £39.95 programming on any products purchased from

* 3HP (2.2kW) £419.95 us, you can buy with 100% confidence that you
have the correct item for the job and that

Yyou will receive all the hrelp you need to get up
and running, this service is available from

10.00am until 10.00pm. ]

You are not just purchasing VisA

a box from Drives Direct! ~
All prices include VAT e

Drives Direct is a trading name of Drives Direct(nverters) LTD.

““““““ MOTOR & INVERTER PAGKAGES
All of the inverters above are available 3 = We also offer matched motor and
as IP-65 units for applications where \ inverter packages for retrofitting to
dirt/dust or fluid ingress may be a = ® | your machine with remote control
problem, these units have a built (TP M " boxes if required, we can supply
in mains power ON/OFF switch, @ ovenything you need for these
FOWARD/STOP/REVERSE selector and | . conversions including motor pulleys,
a SPEED CONTROL as well as a digital o . cable and connectors,
display and programming pad, please —— Please contact us with your
ring our sales office for pricing on any o] requirements.
of these units. Prices start at just £99.95

Tel: 01773 811038 Fax: 08717 334875 Mob: 07976 766538

Maestro




CLOCK
CONSTRUCTION

OF BOOKS &
ﬂ MAGAZINES FOR THE
' MODEL ENGINEER

JUST PUBLISHED

 caong Howwe GRINDING, HONING & POLISHING
ANDFOUSHING | yorkshop Practice Series No. 41

This latest volume in the unique Workshop Practice series presents a
general overview of the grinding, lapping, honing and polishing of metal, as
well as the materials used to make grinding wheels, belts and papers. The
uses of various machines and grinding mediums are described, including
the off-hand grinder, modern miniature hand drilligrinders and toolpost
grinders. There are also instructions for making a small barrelling machine
«~ and other suitable devices. Price £6,95 plus £1.60 p&p (VK)

THE METALWORKER’S DATA BOOK  METALWORKERS
Workshop Practice Series No. 42 8
This book contains a comprehensive range of data which is required

in the metalworking workshop, and by those designing a wide range of )
engineered items, tools and machines. It provides, in a single concise | %
volume, data that is only otherwise available by reference to many different | %

S0urces or more expenswe publlcahons For those involved in restoration
WUFK the book also includes details of items not now use-d and for which
dala s not easy tolocate. Price £6.95 plus £1.60 p&p (UK) mesormo s 47

A Hegner fretsaw in your hands will -
tackle work that no other machine can!
% WORLD PATENTS protect the critical Performance
factors that make Hegner saws truly unigue.
That Is why Hegner are used for:
% CUTTING bevels, mitres, dovetails,
simple and compound angles, curves
and straights, inlays etc, in:
% EVERY MATERIAL from 2" hardwood to
plastics, brass, precious metals, and even 3/8" steel!
And why:
% OVER 5000 HEGNER SAWS are now used in British

schools alone - just a small fraction of the total used by Contact us

specialist wood-workers; modellers; toy and puzzle producers; clock, sign |
and instrument makers and others both in business and at home. TODF%EYE
% MATCHLESS ECONOMY A Hegner saw consumes less than 1p per ;r_rtijfrg?';%l}];ﬁ on pack
hour in constant use! Blade life is also hugely extended over other designs. ut obligation.
Discover all the facts. Phone or write without delay —
HEGNER UK UNITS 1-2, NORTH CRESCENT, DIPLOCKS

WAY, HAILSHAM BN27 3.JF. (01323) 442440

BUILDINGSMALLSTEAMLOCOMOTIVES

A comprehensive guide to building small live steam locomotives for a
garden railway, aimed at all modellers from beginners upwards. The
author starts with an explanation of the technical terms, then introduces
the basic metalworking techniques. The early designs he describes use a
- , | mixture of ready-made components, kits and simple skills to enable you
to produce your own working locomotives. Thereafter, further instructions,
| T = giﬂ tips and hints are offered to provide: the advice you will need to tackle
— more complex designs. Separate chapters cover machining, boilermaking
and painting. Fully illustrated throughout with photographs and drawings, this is an invaluable
work for the railway modeller.

Usually £25.00. OUR PRICE: £17.50 plus £1.60 p&p (UK)

MODEL ENGINEERING is a timeless hobby and models are still built as
they have been for years. Our PAST MASTERS series features hooks
by many of the hobb)' 5 greatest experrs

The George Thomas Collection -

Model Engineers Workshop Manual £24.95 (E)
Workshop Techniques £26.95 (E)

ORDERBOTH - £45.00 post free (USUALLY £56.80)
or Workshop Techniques only - £25.00 post free (SAVING £3.40)

Our Stationary Engine Collection -

Model Stationary & Marine Steam Engines by K. N. Harris £14.95(C)
and any three of the following books:

Building the Overcrank Engine ‘Georgina’ by Tubal Cain £6.95 (B)

Building the Williamsen Engine by Tubal Cain £6.95 (B)

Model Statiomary Engines — Their Design & Construction*
by H. Muncaster £5.95 (B)

The Evolution of the Steam Engine by T. B. Mackenzie £5.95 (B)
Building a Vertical Steam Engine from Castings
by Andrew Smith and Pengwern £6.95 (B)

ALL FOUR BOOKS - Just £30.00 post free (USUALLY £39.00)

Qur Flash Steam Collection -
Flash Steam by Edgar Westbury £6.95 (B)
Experimental Flash Steam by J. H. Benson and A. A. Rayman £15.95 (D)
The Gemini High Speed Engine for Flash Steam

by Edgar Westbury ~ £7.95 (B)
ALL THREE BOOKS - Just £28.00 post free (USUALLY £35.20)

Single orders Post & Package (UK): (B)=£1.20 (C)=£1.60 (D)=£1.95 (E)=£245

UILULE )] % or call
01926 614101 fora copy of our latest catalogue

OUR RARE & OUT OF PRINT DEPARTMENT

has hundreds of fascinating early (and more recent) model engineering,
engineering and railway books. Why not contact us to see if we can help
you find THAT book you've always wanted!

V|S|Tl.ﬂ"TI"TF 0=

n \ ON OUR SECURE WEBSITE
OR CALL our 24 hour orderline on 01926 614101
or write to TEE PUBLISHING, The Fosse, Fosse Way,
Nr. Leamington Spa, Warks. CV31 1XN

Prices quoted UK only and subject to availability. Overseas customers please
enquire for postage costs.




For the ultimate boost to precision,
productivity and capability. Fitted
and working in seconds, the
Quick-Step Mill will dramatically
extend the scope of your lathe.

TBM220
Bench
Drill N
il Sy - B (£172.50

Inc.vat

Order No. 702060 /4 ;
Valid until 31.12.09 f :_’:} Mill: Keyway, Gear, Spline,
- Castellation, Slot, Helical

Thread/Flute, Hex & Square...

Engineered in Germany, these smaller size power tools and -
{3 Saw: Radial Siitting,

accessories are unique in design and perfect .

for hobbyists working in miniature. S & R " 2‘;:‘: SBler"g
. e o | ".-,,_,. inda: Sy
www.brimarc.com/proxxon & < Gylindrical,

Hemlngw ay

Hemingway Kits
Please send for 126 Dunval Road Bridgnorth Shropshire WV16 4LZ
a colour United Kingdom TelFa f46 767739
brochure and Emaikinfo@nhemingwaykits.c
price list

To view the full range of these quality
products, request a FREE copy of the

Proxxon catalogue — call 0845 604 0064
or email email@brimarc.com

www.hemingwaykits.com

TurboCAD vy j

CAD Symbols
Over 30 million 2D & 3D symbols, Machine Parts,
Steel construction, srews, flanges, bolts, nuts etc.

Usual price for Professional
including the Mechanical Extras: £955

Offer Price for Mechanical &
Workshop Engineer Readers: £655

All upgrade prices at 25% discount

Upgrade from V15 £127
Upgrade from V14 £172
Upgrade from all previous professional versions £220
Upgrade from any Deluxe version £300
Training courses held in Winchester start at £184

All enquiries to Paul Tracey 01962 835 081 | ptracey@avanquest.co.uk
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The Warkshop Practice Series (WPS) is a comprehensive list of
new and recently revised titles which have become standard

reference works for amateur and P rofessional eng ineers.

Priced £6.95 each, pius p+p

1 Hardening, Tempering and Heat Tr t 22 Workshop Electrics = Alex Weiss
- Tubal Cain 23 Workshop Construction - |im Forrest & Peter jennings
2 Vertical Milling in the Home Workshop 24 Electric Motors in the Home Workshop = Jim Cox
= Arnold Throp 25 The Backyard Foundry - Terry Aspin
3 Screwcutting in the Lathe — Martin Cleeve 26 Homie Workshop Himts & Tips - Edited by Vic Smeed
: 4 Foundrywork for the Amateur - Terry Aspin 27 Spindles - Harprit Sandhu
e o it oo e sl 5 Milling operations in the Lathe - Tubal Cain 28 Simple Workshop Devices - Tubal Cain
Stan ﬁlﬂ' 4zl DATA BDCIK{ 6 Measuring & Marking Metals - Ivan Law 29 CAD for Miodel Engineers = D.A.G. Brown
Harold Hall 7 The Art of Welding - W.A. Vause 30 Workshop Materials. - Alex Weiss
Gm “m"s mm & Sheet Metal Work - R.E. Wakeford 31 Useful Workshop Tools - Stan Bray
mu £ "G 9 Soldering & Brazing - Tubal Cain 32 Unimat Il Lathe Accessories - Bob Loader
POUSHIHG 10 Saws & Sawing - lan Bradley 33 Makiing Clocks — Stan Bray
11 Electraplating - |. Poyner 34 Lathework: A complete Course - Harold Hall
12 Drills, Taps and Dies - Tubal Cain 35 Milling: A complete Course - Harold Hall
13 Workshop Drawing 2nd Revised Edition -Tubal Cain 36 Photo Etehing — Brian King and Azien Watkin
14 Making Small Workshop Tools - Stan Bray 37 Dividing - Harold Hall
15 Workholding in the Lathe - Tubal Cain 3% Tool and Cutter Sharpening - Harold Hall
16 Electric Motors 2nd Edition - Jim Cox 39 Model Engineers’ Workshop Projects - Harold Hall
17 Gears & Gear Cutting — Ivan Law 40 Bearings — Alex Weiss
12 Basic Benchwork - Les Oldridge 41 Grinding, Honing and Polishing - Stan Bray
19 Spring Design and Manufacture - Tubal Cain 42 The Metal Workers' Data Book - Harold Hall

20 Metalwork & Machining Hints & Tips — lan Bradley 43 The Mini-Lathe - Dawvid Fenner
21 Adhesives and Sealants- David Lammas

Order today at Www.myhobbystore.com my‘}]obbystore
or call 0844 848 8822 PHONE LINES OPEN 10.00AM - 2.00PM (MON-FRI) -com

We also sell plans, back issues and binders - please go to www.myhobbystore.com to see our full range of products

WORKSHOP SOLUTIONS

The first book in a new series

ISSUE 1: Creating a

workshop and how to

© get the most out of a

* ' small space, from building

- \/our own workshop to space —/
" saving storage. A hands-on approach

to specific woodworking-related

| subjects. Also a numbered series that

will build up into a valuable reference.

‘ @ Available in most branches of
WHSmith & Borders

MUk 1| % [  Buyonline at ‘ﬂi’ic}tobbystogg
" | 2 @ Or call 0844 848 8822




Ml advertisements  will be  inserted in the  first  avallable  issue
There are no reimbursement for cancedlations. All advertisement must be pre-paid.
The Business Advertisements (Disclosure) Order 1977 - Raquires all advertisements
by people who sell goods in the course of business to make that fact clear
Gonsequently a trade ads in Mode/ Engineers’ Workshop camy this T symbol

THINKING OF SELLING YOUR LATHE
MILL OR COMPLETE WORKSHOP?

WANTED

We are constantly looking to
purchase complete home
workshops, especially those
with good quality Myford lathes
and equipment
Distance no object
Please contact Malcolm on

0115 925 4222

and want it handled in a quick,
professional no fuss manner? Gontact
DawdAnchell Quillstar (No’rhn@mm)

Mah:

MODEL ENGINEERS’

* Phone for opening times before travelling

ﬂm#mﬂuﬁ'mjum ISMSMGW\W)']

Tel: 01452 770550
Email: sales@toolco.co.uk
View our full range of machines and

equipment at our Stroud Showroom

OPERATE THREE PHASE MACHINERY FROM YOUR
SIMGLE PHASE SUPPLY

* ROTARY CONVERTERS

- H'H'It CUWEE“!!'}

.

mmnt control nd Z-ymar or S-year warranty
PRICES from (89.00 + VAT

Sew She Market Leacier at the
Landon, Hammogats, Britol, Aot and Leamington Spa
Moxded Ernginaerig Tahibitiom.

Local Call: 0844 7700 272

transwavei@powaercapacitors.co.uk

Manufacturer of the famous Super 7
lathe and leading supplier of premier
quality pre-owned machinery,
all refurbished by time served,
skilled craftsmen.

To find out more contact Malcolm

0115 925 4222

Website: www.myford.com
Email: sales@myford.com
or visit our showroom at:

Wilmot Lane, Chilwell Road,
Beeston, Nottingham NG9 1ER

PR Jolulioluly CINCE'

3 Axis CNC Kit

\Whether you are building your own CNC Machine/
converting an existing machine or you have simply
bought a kit, we can help | The Routout CNC software
and Stepper Molor Drivers will enable you to control your
new addition to the workshop from your PC with ease.

“ Three 2.5 Amp Microstepping
Stepper Motor Drive Boards:

# Easy LPT Breakout Board

% Free Routout - Linux EMC CD

NEIL GRIFFIN
- $t.Albans, Hertfordshire

Engineering Services

Machining for Model Engineers

Friendly personal service.

(0r add mach 3 CNC for £65.00) 9 ;
Only £79.99 %;ﬁmﬁ:: Telephom'a / Fax: 01727 752865
Tel (01269) 841230 Wwfsh%amkas Mobile: 07966 195910
Order Online www.routoutcnc.com :

From drawing, sketch, pattern etc.

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 stockiist plus details 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,
Engineering in Miniature and MODEL ENGINEER’S WORKSHOP.
We don't publish lists, but if there's something you need, get in touch
or visit our web site. We are always keen fo purchase good equipment and
craft-related books.
www.thetoolbox.org.uk  info@thetoolbox.org.uk
Open 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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= Unlt £ Forge Way Cleveland Trading Estate
Darhngtnn Co. Durham. DL1 2PJ

N Metals’}.for hﬁodel Makers

Cuntad us fore Copper Brass, Aluminium,
*x ,?Sheel Ph‘osphor Bronaze, etc.

PHONE &FAX 01325 381300

‘e-mail: sales@m-machine.co.uk

wikw.m-machine-metals.co.uk

Breaking MYFORD ML7

& SUPER 7 lathes

parts available * Home worg, Sy,

*World wide shipping®
*We accept cards on mail ordere
(Myford ML10, ML7 & Super 7 lathes always wanied)

Sory we do not stock parts for other makes of fathes
We a¢ open: Monday-Friday 9- 5pm.

JEW resiliant mounted motors from £165 incvat

LATHE PARTS » lathe-parts@new-or-used.co.uk
Tel: 01205 480 666 « Near Boston, Lincs. UK. yess

Engineering Supplies
An outsfanding range of matericls, fasteners
& quality small fools for the model engineer.

Wwww.mefal2models.btinternet.co.uk
161:01303 894611 Fox:08707 623956

IR olufdoul gy IIT TR
OO ..o

LG Z=90mm
L™ Rapid Speed 5000 mm / Min |
 Compatible with Mach3
Only £1300.00 Inc. % Days Training |

Tel (01269] 841230 or |

The UK’s most advanced
phase converters with a

unique 3 year guarantee.

Never beaten on price.

Tel: 01344 303 311

Fax: 01344 303 312

Mob. 07952 717960
www.boost-energy.com
info@boost-energy.com

BOOST HAS BEEN MANUFACTURING HiGH QUALITY
PHASE CONVERTERS IN THE UK sIiNCE 1957

Model Engineers’ Warkshop



Al advertisements  will be inserted in the first available issue.

There are no Al must be pre-paid.
The Business Advertisaments [Dsdomre] Order 1977 - Requires 2l advertisements
by people who sell goods in ®e course of business to make that fact clear

Gonsequenty al Wade ads in Modk/ Engineers’ Workshap camy this T symbol

MODEL ENGINEERS’

Macc

Model
Engineers
Supplies LTD
(01625) 433938

www.maccmodels.co.uk
Check out the NEW look website.

We stock copper, brass, steel
and all 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

Call today
for yours...

0844 848 88 22

or I/fS!:T our [ Full range of Steam
website and g fittings and some new
Order online... marine boilers.

Wide range of BA bols and nuts

www.myhobbystore.com

VENSON

NGINEERING

New Machines & Tooling

» Union Graduate Wood Lathe, 42" bed, 1 phase, as new £1050 24" x 24" Surface Table (English) with lid £125
* Union Graduate Wood Lathe, 32" bed, excellent condition £850 e Burnard D14 Collet Chuck, lever operated £225
* Union Graduate Wood Lathe, short bed, excellent condition £750 o ( & Smith 6" Power Hacksaw with coolant, excellent condition £325
* \iceroy Wood Turning Lathe, 16" bed, nice condition £375 = Fobco Star Pillar Drill, 3 phase £125
¢ Junior Whithead Vert Bandsaw (wood) 16" x 16" table £175 *R.J.H. double ended grinder 10", with pedestal & guards, as new  £200
* Bridgeport Mill, Belt Head, 42" table, power feed D.R.0. £2200 e Viceroy 10" ped grinder polisher, lovely modern machine £300

nice condition * Vigeroy D.E. 10" polisher £235
* Bridgeport Mill, Belt Head, no power feed, 36" table, nice condition £1500 e Viceroy 10" heavy duty ped grinder £200
* Bridgeport Mill, 48" table, x + y power feed, belt head, very nice  £2250 e Startright Saw Benches. Tilt Arbor 23" x 22" fable, Each £400
* Boxford VM30 Mill, 24" x 6" table, vari speed with inverter £1750 8" plate, ex school. (2 Off)

with vice & collet chuck, outstanding condition e Centec 2A Quill head mill. Single phase, average condition £890
* Colchester Master 2500 gap bed lathe with Q.C.T. 3 pt steady £3000 e Record DMB 65 vert wood band saw, as new £150
e chucks and taper turning o Well Saw 4" cap, power hacksaw, lovely small £300
* Tom Senior “Major” with quill feed head, outstanding conditon ~ £1850  British made machine
* Myford Super 7 with coolant, industrial stand & tooling £1000 = Tom Senior M1 vert/horiz mills, good condition. (3 Off) £800 - £1200
* Jones & Shipman wheel balancing fixture, complete, £550 e Harrison L5 Lathe with tooling, single phase £350

lovely condition WE ALSO PURCHASE QUALITY MACHINES & TOOLING
DELIVERY SERVICE AVAILABLE PLEASE TELEPHONE BEFORE TRAVELLING - WEEKEND & EVENING VIEWING AND DELIVERY SERVICE

More machines always in stock. Tel: 01274 402208 Mobile 07887 535868 4 Duchy Crescent, Bradford, BD9 5N)
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I-IOME AND WORKSHOP MACHINERY

= X Genuine Used Machines & Tooling

144 Maidstone Road, Foots Cray, Sldcup, Kent DA14 5HS S'I' |
Telephone: 0208 300 9070 - Evenings: 01959 532199 - Facsimile: 0208 309 6311 J.““'
{‘r www.homeandworkshop.co.uk ¢ stevehwm@btopenworld.com !
* Opening Times: Monday-Friday 9am-5.30pm - Saturday Morning 9am-1pm G
10 minutes fmm M’25 Junction 3 and South Circular - A205 ¢

= o g ——

verTIijtr!tI o
et &
linisher ;... £875

5 I 240 i qn
b. v[olfsl Fﬁlf‘rnn 50" x 3" et ofs|'|p ended rolls

RJH bench grinder /
buffer - 240 vohs

5 Record quick releose ’d
o viees

Boxford 1130 lathe (not finished)

A . Myford Super 7 f.
" e il

Colchester

Tnumph
N 12"4jow
i chuck

A . e s X T Colchester Student 1800; 6" x 24™+ :
' Ry i A el S5 qop bed, 3 & 4 jow chucks + 240 volts!
- £245 SIP NEW mill, Twain, Grode A factory

(ncherTrlumph 2000 R . Limited stock/special price
rear fool posl ' 4 Myford ML10 lathe @
< NS _ ? (greased)

k. ) Deckel profle |4
l \. = < =t Deckel profle
r

_grinder +

SIP NEW (old stock) dnlhng
machines, better quality!

£l 45 (okhesler Tnumph
2000 faceplate

NEVER USED! - £, Z . N\ i

< Myford (never used) dividing Cmm ton/Tyee NEW (31700 R, e - S Harison
Y head * four plates mnlo': furqlvl?/Super}' Bridgeport heads also fit A&S 2E mills L5 lathe

PI.EASE PHO NE 0208 300 9070 'I'0 CHECI( AVAILABII.II'Y OR TO OBTAIN OUR lIST

Just a smaﬂ se!ectfan of our cument stock phatogmphed! iy
We have wood lathes, saw benches, bandsaws, morticers and Record vices etc - large selection!

J




~ Late

‘w? s

“g___;

A l,aﬂ()xfr. d

' 3 a6 .-‘.'—:_'-:‘::'-'-.
Oxford Model HV460 oil cooled welder

Myford Super 7B (1997)
power cross fee

Marlco broach set 8-10-12-14mm
H.:\zq

Wadkin BER
spindle moulder +
feeder unit

RIH 6"
ped. linisher

Adeock and
Shipley vertical
head

Dickson .. so sui Colchester
Mascot (others available)

Clarkson
40INT collet
chuck + collets

(we have ZMT-5MT and

y From
2 . £20 sach
teadies 30INT to 50INT in SMHH

HIMT .

\_\-—ié: ¥

Myford Speed 10 long bed

Crompton Purklnsun Foot Mounted
2HP 240V / single phuse 1400 revs as new.

Boxford' podnsfal drills, Progress back geared dr:lls, V.ica.rby Sharpedge 16" chisel grinders
'. Y ) f e g

£375

Startrite TM?S{I 12" full sliding table
saw bench (240 volts)

Denford Viceray buffer's

Humsnn( Enl: ester IJI4 fnce
caich & 4 jow chucks

ﬂ ond § 6" power hu:ksuw + mulnm

Pultra lathe
(less drive)

l y ' ;'l._r
light ' B | 4
e S

e

O W\
.; ~.§’ sazsm

Cnmpnund sine fable

+10"x 5" mugnem I:mli in chuck

{imp)
£745

£20

Edlipse angle plates

14

LB

Harrison
M300 Ainjest
attachment
+ bar

' OPEN SATURDAY MORNINGS




FEATURES
» Digital Speed

*\fariable Speed
« Metric and Imperial
* Hardened and

«Cast Iron

Readout

Spindle

Thread Cutting
Ground Bedways
Construction

' £219.00

Capacity Round 5"128mm
53,'::,;" [t 210mm Capacity Rectangle 47 67100 x 150mm
Speeds Variable 50-2000rpm Spoed Range 65/35/165fpm
Motor 750w mﬁr ikt 136
Weight 110kgs weig 62kgs

£899.00

Centre Distance ~ 700mm FEATURES M il B ai
Swing overBed  280mm Digital Speed Readout » Variable MaxExl BB E;:;’” ot
_______ Spindle Bore 26mm Spindle Speed » Metric & Imperial Max Face Mill Capacity 70mm
Motor 1200w Thread Cutting Table Size 600x1B0mm
Spindle Speeds  125-2500rpm Cross Travel 200mm
Net Weight 180kgs STANDARD ACCESSORIES #g:!ﬂ'ml ﬁmm
3-Jaw Chuck = 4-Jaw Chuck * Goolant
5146900 Tray~ Rear Spash Guard - e
£1199.00 - i

FEATURES

* Variable Speed Spindle
« Digital Depth Readout
* Fine Fead Ciuill

* Heavy Duty Cast fron Construction

Slip Rolls

12" £109.00 / 16" £199.00

20" 5249 00

A Chester

9 T/

_£699:00
£629.00

FEATURES
«Variable Speed Spindle

* Dovetail Column

* Titing Head

*Wide Spindia Speed Range

Tahle Size 500 x 140mm

Spindle Taper MT2

Speeds Variable 50-2500rpm
600w

oftor
Weight 90kgs

DT&300D Multi Meter
| £8:85 £71.00

MY®64L Multi Meter

| ks

£3554 £15.00
o
Capacil
e 81;: o
: Stoke
135mm
Min operati
distance
90mm
Max operaling
Distance

216 x 146mmi
370w
25kgs

Nel Weight
4"x 6" Belt and Disc Sander

Warking Speed
Power

Driver
Drill Chuck
Nat Weight

Ilu
Flexible Shaft
0.3-a4mm
2 3kps

8 ton Press
£13+95 £119. 00

-£693:00
£60 00

Industrial Park CHESTER CHS5 3PZ

Machine Tools, Clwyd Close, Hawarden
T:+ 44 (0)1244 531631 F:+ 44 (0) 1244 531331 www.chestermachinetools.com email:
Midlands Showroom: Unit 4 Plant Lane Business Park, Plant Lane, Burntwood, Staffs, WS7 3JQ Tel 01543 448340
Southern Showroom: TPH Machine Tools, Fairview Industrial Park, Rainham, Essex, RM13 8UA
T:+44 (0)1708523916 email: machines@tphmachines.co.uk

Litting Capacity
1ion

Lﬂm&ﬂinm

Working R
Boom ange

SGEI—'IZ!MH'I

Mt Wei
25kgs e

1 ton Crane
£LZ¥-BG £139 00




