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The chuck fitted to this
industrial dividing head is
unusual in having both
self-centring and
independent jaw
adjustment.

T.E. Dominey describes
his collection on page 46.
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DON’T MISS A SINGLE ISSUE!

It can be difficull 1o find a copy of
MODEL ENGINEERS WORKSHOP al local newsagents,
The ever-increasing number of magazines being
published means thal newsagents have leas
shell space lo display particular litles.
Spacialist magazines especially get crowded out.
There’s a solution to this problem. Most newsagents
provide Shop-Save and/or Home Delivery services,
Shop-save incurs no charge - simply ask your
newsagent 1o order a copy lor you. It will be kept
on one side ready for you o collect.
Home delivered copiea are ordered n lhe same
way bul genemlly incur a delivery charge.

A newsagent can order any magazine for you,
whether or not the shop normally stocks it. it you buy
your copies of MODEL ENGINEERS WORKSHOP
from a newsagen! and wanl 1o make sure
you get every issue, just ask al the counter.

To avoid disappaintment, fill out and hand this
lorm lo your newsagen! Lo reserve your copy:

PLEASE RESERVE/DELIVER A COPY OF

MODEL ENGINEERS WORKSHOP

FOR ME
Name:
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VHE ONE-STOP BOOK SOURCE

FOR ALL MODEL ENGINEERS!

How o Kuna Lathe [1942] [Soudh Berxd] LTAS
The Amatenr’s Lathe [Sparey] finss
Lathe Operations (1937] (Barritl] 11415
Latle Hamibook No. 1 [1925) LR2S
Omamental Turning [Waldhaw) 1178

Keep Your Lathe in Tricn [1934) [South Bend] £4.10
Improvesnents & Acosssories for your Lathe [Radfond)

LI5S0
South Pond Lathe Booklets (¢ 1930 £790
Latlse Nodes Vol. 1 (e, 1920) L1568
Lathe Noses Vol. 2 [e. 1920] LSAS
Lathe Notes Vol 3 |e. 1924) (4.7
Lathe Notes Vol. 4 [e, 1920] LEp8
Chucks Review & Restoration {1913-17) L3568
Blachine Tool Adjudment je. 19204 LSAS
Procidon Lead Serews, Gears & Pantographs  £548
Babbitl Bearing Techniques (19121925 L5465
How [ pour Babbint Fearings [Glngery) £750
Running a Milling Machine [1941) [Colvin] £ 780
Milling Maching Operaticns [ 1937] [Barritt] L0980

Machine Kinks |1908] [Colvin & Sunby].tsss
Milling Machine Practice | 1940
Shaper Oporations | 1937] [Barrin] I l!_l'l
How o Kun a Melal Working Shaper & Drill Press
[ 1561} [South Pend) i

smpn [1943) [Steri] £938

orking Shewt Matal [Cingory] L1840
PmuuaMml Flate Work (1907] [Haduck] L8080
How o Do Alrerall Sheetmedal Work (1942) 11330
Repoussé Metalwork [1903] [Horth] £9.00
I’hﬁ!&ih&'l\!u&hi (Wekss] L9350
Time Mechankcs: Secrets of Hand Scraping (1919)

1340

Cear Cutting Practioo [Colvin & Stantey] £1428
Advanced Machine Work 1923 [Smith) L2068
Elements of Machine Work [1919] [Smith] L1745

shopmm-ﬂm; [ Henry Ford Trade School) £17.10
Modl Enginering - a Foundation Course lWrM;;E)

Model Englneers Handbook [Tubal Cain]
“Workshop Practice "Sene s

11135

Dol Hoschoing, Tanperig X Hesl Treseood [T.Csing LTS
No 2 Vierthon) Millirgg in e Hosne Wordahop [Throp]  £7.88
No.3 Serewcutting in the Lathe [Cleeve] IR20
Nowd Foundrywor k For the Amatear [Aspin] s
No.d Miling Operatons In the Lathe [T.Caln] £78%
No6 Meamring & Marking Metals |Law| 58
No7 The Artof Walding [Vause) 1788
No© Soldering % Prazing [Tubal Cain) 738
Nou 10 Saws and Sawing  [Bradiey) inRs
No.11 Electropliting! Poymer) 1715
N0 12 Drtlls, Taps and Dies [Tubal Cain) 7.8
Ne.1$ Workholding in the Lathe [Tubal Caln] £73%
No.16 Electric Motors [Cen) 788
INe 17 Gears and Gear Cutting [Law) 1785
No.1% BEade Eenchwork | Oldiridge] 178

MNou 19 Spring Design & MoanoCacture [Tubal Cain] £7 88
N0 20 Matahwork Maduining Hints and Tips [ Bradley] £755

N2l Adlwsives and Sealants | Lanumnas] a8
Noll Workshop Electrics [Welsr] LT85
No.23 Workshop Controction L7858
No.24 Electric Motors in the Home Worksbop L7585
No.26 Home Workshop Hints & Tips [Sowed] 1630
No27 Splnies [Sadhn) % 1}
No 28 Simple Workshop Devioes [Tubal Catn]  £820
No 29 CA D for Modal Enginsors [ Brown) £788
No. 30 Workehop Materials [Weld 1788
No. 31 Usefull Workshop Tools {Bray] L7388
Neu22 Uniionat T Accessorios [Loader] L1858
No.33 Making Clocks [Eray) 788

Model Engineer's Workshop Mannal [Thomas) £2£7€
15900
£2340
lewMM[M £21.88
The Machiniss’s Thind Beccick Reacker [Lastard] £27.%0
A Treatice on Oiling Machine Tools [ Lavtard] 1575
Curemith Kinds [ jedd Erowmells]

Cunemith Kinks 11 [ed. Provwnells) 122.55
Gunamith Kinks 111 jed Erownells) 2400
Cunsracth Kinks 4 [od Brownells) LInal
Workshop T [T hormas) 2823
Build a Power Hackeow with Vie [Clngery] £ 900

MAL OFDER ML ttwrp
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Uncle Darﬂmr Ty, sSh&p Nitehaok 1 £7.60|
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H
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“Build Your Own Metal Working Shep
from Serap” - Dave's first, and best-selling,
series:

Bk s Tesiantane 7 15
Book 3 The Metal Shaper £ 0.50
Book 4 The Mllng Machine £9.50
Book 5 The £9.50

Drill Pr
Book 6 ’[hel)lﬂdlmﬂud und Dee-luxe
Book 7 W& Building iheShugi’“
2
Md!gake 830
All'7 volum es purchased logether

1£56.10
/" POST & PACKING: )
Prices shown INCLUDE post & packing
within the U-K. If you buy more than
one title, you save and any éxcess
payment will be refunded. Cverséas
customers please allow 10% extra
\ for surface mail delivery. /

OUR GIIAllAN'l'EI].

£
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in confidence. So - all books aré guarantesd.

there is no other way to d'a busirtess....

FREE BOOKLIST!

ﬁhme fax or view
ywwwld]lketn
- itis FREE!

CAMDEN MINIATURE STEAM SERVICES,
Freepost (BA 1502), Rode, Frome. BA11 8UB

24 hour phone: 01373 - 830151
fax: 01373 - 8305168 www.camdenmin.co.uk

[heepr Hole Drilling | 1914, 1926 & 1927) L5355
How to Fulld a Slip Roll Machine [Clngery] £0.70
Fulld an EDM | Laglods] 11525
How to Build a Fipe Bending Machine [Cingery] £ 8465
The Finishing Tooch-the how’s and why's of painting

mchels [Shephard] L6238
Pressworking of Metals (1941 [Hinman) 11848
Eent Iron Work [1903) [ Hasluck] L9460
“Thermit Welcling Process [1914] [Hart] £470

The Chareoal Foundry [Gligery) L& 1]
Building 4 Cas Fired Crucible Fumnace[Gingery] £11.95
Fron Melting Cupola Furnaoss for U Small Foundry
[Chastain) L1805
Bulld an Oil-Fired! Tilting Furnsce [Chasain] 11765

Omanendal Melal Casting | Whitrmoyer] LUAS
Foundry Manual [1938] [US Navy] 11948
Forgework [1912) [Tigen] L1008

How to Bulld a Fulld a mmr«ammy
awmikibde metal [Mendor]

How to Build a Blscloanith's Firepot [Maadar] 1 0!;0
How to Run Three Plase Molors on Single Phase Power

L ARS
Allernator Secrets 1358
The Boy Hlectriclan (1940 [Morgan) 11240

']'hn']'sh thh Frequency Coll (1910} [Halbr.!;m
e
sum. Univercal Coll Windar [Ciingery] 1868
Design, Construction & operating rinciples of
Electromagnels for attr scting Copper, Aluminium &
other Noo.Ferrous Metals [1921) [Crow] £000
mclheoacik nsxw

The Watchmakar's and Model Enginees’s lalhn - A
Ulser "s Marual (5th ediition) [de Carle]
How to Make a Weight Driven S<day Wall mu
[Wikding] 13158
A Manual oo the Hydrankie Ram for Pumping Water
L840
Pumps & Hyclranbic Kams | 1907) | Haduck] L1910
Erakedrom Windmill Plans [Piggot] £14.30
“The Stirling Eogine Manwal | Rizeo| 23028
The Englre Manwal Vol. 2 [Rizzo) L1000
Fullding Simple Model Steam Englnes [T Cain] £ 585
Fuilding Simple Modal Steam Engines Vol. 2 L68S

Model and Marine Steam Engines [196:4)
[Harris] 112388
Buperimental Fladh Steam (1973 [Benson & Raymian)
11420
Fullding the Atkinson Differential Engine [Gingery]
L1400
Building the Shay [Hirscka] 140458
[Habning] LR
Meadel Locometive Bollermaking [Farmer] L1278
Maoded Stadionary and Marine Steun Engines | 1964
[Harrks] 21285
Locommotive Valves & Valve Gears (1921 12160
Injectirs: theory, cvndruction

& working {1893] [Pullen)
11230

La Locomothwe o Vapeur |(1952] [Clapedon) - English
aditon 15978

“The Tesla Dise Turbine | Chirns) 16230
The Non Retadw Peamn Englne [Relly) 2880
#rir VIDEOS] &y

Welding Institute Video Guide:-
Mo, | MIG Wolding (51 mins) L1445
No.2 MHA Weldisg (54 mins) 11445
No. 3 Omy-Acetylose Welding, Brazing & Culting
(54 mins) L1445
Fund. tak of Machine Lathe Operation [NEW version)
(95 mias) 0995
Advanad Aspocts of Mackinge Lathe Operation (20 mis)
0995
Cutting Jcrew Threads on thee Lithe (85 minetes) {2598
Grinding Lathe Tools (125 miins) o995
How o Cut Spar Goars (0 minuss) L2495
Fudy Kouboupt on Milling (120 mis) a9es
Oparatisg 2 Horimatal Mlling Machiae (B0 miac) L2995
Dperating 4 thaper (10 miny) aees




The SPRINTER All Steel 5¢ Collet Chuck
4" Dia (100mm)
With steel badk plate to Suit Myford nose spindle 11/8" Dia x 12 TPI.
Phato dvowws fitted woth backplate)
Both chuck & back plate can be purchased separately.

Comprises of chuck Body, closing nut, back plate and locking spanner.
Price complete including VAT £125 (Carriage Extra)

Back plate is supplled pre machined with drilled and tapped holes, and locating s :
spigot requiring a final ckim to ensure concentricity or plain, with just the 11/8” dia x 12 tpl thread to

suit the Myford Nose Spindle.
For details Telephone / Fax 0121 551 3274 / e-mail: eb.engineering@virgin.net or
write to:— EB Engineering Unit 17. All Saints Industrial Estate, Hockley Birmingham B18 7R) Pl s

Compucutter

fully described in machine building manual

Machine Building Manual
(also includes Compumill &
Mim machines)

Hardcopy

£25 + p&p (£5 UK)

CD

£25 1inc.

Compucut system
Interface

Commpucut software
Compucut manual
£250 + p&p (£6 UK)
Compucut Software +
Compucut Manual
£100 + p&p (£5 UK

shown here in 2 axis mode, turning a pulse jet intake
Note: Compact rigid design utilising readily available iron castings (pilar drill & X, ¥, vice)
Tel: (02476) 473851 Email: compucutters@ compuserve.com Web: www.compucutters.com
For info pack send SAE to:
Compucut, 17 Lime Tree Avenue, Tile Hill, Coventry CV4 9EY England

new measuring readout

¢ large bright LED display

* inch /mm conversion

* zaro datum for both axes

* two independent datums

+ positions can be preset

+ radius/ diameter working

+ halfway point calculation

. -.znn*lxp sorsons and mova
them between machines

m BANISH STRUGGLES G2 /uem P

THE SOPHISTICATED THE SIMPLE

THE KENNET . . Complete system (332
FOR INFORMATION ON THESE AND Sersors can be recalibrated, e.g to display, twa 361 sansors,
OTHERKITS SAE TO read degrees ona rotary table or teeth power supply, manual)
MODEL ENGINEERING SERVICES for usa as a dividing head (sae photo)  £495 (inel. VAT and pu-p,-

PIPWORTH FARM, PIPWORTH LANE, ECKINGTON, SHEFFIELD 521 4EY .
PHONE 01246 433218 BW Elsctroniez, 12 Muzgons Clezs, Corby Glan, Grantham, NG23 4NY

www. lawm. freeserve. co.uk Telifax: O1476-550826 = \'hbsih:m.bnelutronlu.:o.uk




& Folkestone
Engineering Supplies

FEES =rum by a model engineer enthusiast, for muodel engineers.
Fast mendly service, competitive pnces, no mimmum order
value, no VAT and larze sloc.:k.s.
i v
Fasteners (metric & imperal), ferrous and non-ferrous mefals
(round hex square, flatetc), also off cuts (subject to availability).
Goods suppliad mail order or callers (by appointment) welcome.
Tel:01303 894611 email metal 2models @ biopenworkl.com
wwwanelal 2models_btinterneLeouk
A small sample of our stock and prices are shown below,
Metal priced per 300mm/11.8" length, larger sizes are priced by
the 150mm,7 5mm and 2 Smm.

EMS Bross  Almmindwm  Stondess-Steel

W Rod  £0.25  £0.42  £0.39 £0,78

U Knd £0.63 £1.41 £1.18 £2.68 See
¥4 Rnd  £13 0 £335 4197 £5.04 :
L0 Red 208 L85  §3.38 648 us at
V4 Hew  £0.28  £046  £1.00 NE B Sandown
U Hex  £0.48  £1.58 4150 2,60 28th-31sl
MO Ha  £192 £ #.0 EXTIN o comber
107" Mex £1.84 £5.57 £4.20 £10.97

Vi Egre  E02% £0.79 £0.50 £1.5% Stand
VIisqre 087 £288 L1410 £3.77 Adi
Vf'Sqre L1TT £5.12 £245 £5.86

1.0Sqre  £3.18 21031 £4.95 8,32

EMS availsbls im ENIA, ENS, ENIGT and EN24T
Socket Screws - price per ltem (Quantiny discount avallablke)
cap head M3xteren Llp M3xEmem | 0p M3210yon 9p M3z | 2iron 10p
cap head 1/8"BSFx 12" 30p 14"BSFx 3" 30p 1M "BSPx 1™ 32p
gruveet SBAX 1T 160 4BARN1S 1T 4BAX 147 16p 4BARIE” 21p
grublset M3x3mm 8p Mdxdmem Tp MSxSmm 8p M éxémm 8p

62 Canterbury Road, Hawkinge, Kent CT13 7BP

Open weekdays (09001600

Satur day mornings (09001 200) K4 5
(o |

If you are
reading this

It proves
advertising
works.

INTERNATIONAL

§ 'e:mquSpa.
fire

ATWIG
W dion ol he ARSB55

810 November

T3

Admission” Adults £6 éhiors £5 Children £3.50
Family Ticket £16 2 Adils and 1p 10 3 children)

01926)614101

On i e b ddemichere Extbitions Lid, The Fosse, fowse E}:lt-'ﬂl_lfl_’"im Vi1 DN
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LOCOMOTIVE DRAWINGS & CASTINGS

>

bR S ol e e oo Bt £ o e e

Send for an itemised list of any of our range of 45 selected Locomotives.

Top quality Drawings, Cast Iron or Gunmetal Castings.

BUILD OUR POPULAR HORIZONTAL MILL ENGINE

1"Bore x 1.1/2° Stroke - Shide Valve

Length of Baseplate 127 - Diameter of Flywhee! 6°

Height 6° Width 6" - Weight 4.1/2 Kilos
Comgiete with (Ul bulding Manual
Unbeatable value at this price
£110 + £5.95 Carriage inclusive of VAT

MULTI-TUBULAR BOILER KIT
Runs on Coal - Gas - Spiril
4" dia. x 168wy Copper tube - 8.1/2" high
25 516" x 20g Copper tubes
Firebox 3.1/2° dia. 3.1/2" lang
Working pressure B0psi
Suilable for above or gimilar engnes
£55.00 +£5.50 Carriage inclusive of VAT

Both the above were senalised

in Model Engineer Jan 96-Aug

97 Built and serialised by Stan
Bray in Brays Bench

714G Tich 0-4-0 312G Brtannia 462
1.14°G 1388 080 312°G Molly 080
5'NG Dholpur 264 312°G Coant, Lamb 040
5G Bulch 0-6-0 312°G Petalea 240

is-o Chub 0-4-0 342G lds 0-6-0

5C Simolex 0-6-0 312°G Dons 480

gs G Springbok 4-6-0 3.1/2°G Ramnhill 0-2-2
5G King John 4-6-0 312G Helan Lass. 46-2
56 Dean Gaods  0-6-0 312G Rob Roy 0-6-0

; 2251 0-6-0 312G Miszs 10108  4-40
S‘G Firefly 252 3.12°G Jutiet 04-0

35 G Mogul 262 3.12'G Virginia4-4-0

{5'6 Paggy 04-0 342G Maigie 442
56 Twin Sisters  0-5-0 312G Cityof Truro 440
5C Pansy 0-6-0 312G PV.Baker  0-8-0
5C Tich 0-4-0

*5'GC New Combpyne 44-2T Radal Tank- LSW.R. 415 Class

$5G New Nine Eims 042 LSWR. A12 Class with Bayer Tender

35'('; New Salisbury 44-0 L.SW.R. 480 Clmss

*

$0'C Princess Coronalion 462 242'C SoulhernMad 060

*0'G  Moris de Cowley 462 212°G  Austere Ada 260

*0°G  Heriford Hal 4-5-0 242°G  Olymplade 450
0°G  Royal Scol 450 21/2°C Fayelle 482

;D“G Josie 4-54 212°G  Puriey Grange 450

G.L.R. DISTRIBUTORS LTD. UNIT C1, GEDDINGS ROAD. HODDESDON, HERTS. EN11 ONT
E-Mail - pstegir@btopenwold. com

Web site - www glrmodelsuppliss.com
Tel 01992 470098 Fax. 01992 465700

Send six First Class stamps for Catalogue. Hardback or CD

SEND FOR PRICE LIST OF ANY OF THE LOCOMOTIVES ABOVE

3k o S 3 0 0 O 00 N 0 ok o A

DORML%R H.s.s. l)rlll Sets %

*SET 202 | to denen x Oulom (50 Dalle, Metal Case)
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International Model
Boat Show

Celebrating its fifth anniversary this
established event (the only three day show
aimed exclusively at marine modellers)
promises to be even bigger and better for
2002. Two indoor pools will offer displays
by exhibiting clubs, as well as free sailing.
The larger pool extends to 1500 square
feet, and includes a harbour and other skill
testing features.

The exhibition will be held at the
Warwickshire Exhibition Centre,
conveniently located on the Fosse Way
near Leamington Spa, just a few miles
from the main motorway network in the
Midlands. Ample free car parking, disabled
access, and full restaurant facilities are
available.

The event will be open from 10am to
5pm (last admissions 4pm Friday 8th to
Sunday 10th November, and ticket prices
are Adults - £6, Senior Citizens - £5,
Children £3-50, Famiily (2 adults plus up to
three children) £16. For further

Out and about

“Farming Yesteryear” is organised by the
Scottish Vintage Tractor and Engine Club
and takes place in early September in the
grounds of Scone Palace. Although the
underlying theme is agricultural, the
event is a forum for most historic things
mechanical, including steam traction
engines, tractors, farm and horticultural
machinery, bicycles, motorcycles, cars,
commercial vehicles, military vehicles,
and stationary engines. On a “workshop”
theme, the “portable” sawmill belt driven
from a traction engine, produced its own

November 2002

information contact Meridienne Exhibitions
Ltd. on 01926 614 101

Variable Speed Drives

Elsewhere in this issue Dr Vassilii Zakharov
describes a budget approach to motor
speed control using washing machine parts.
Inverter drives for three phase machinery
are an accepted higher cost alternative, and
it was noted in an earlier issue that
government incentives aim to encourage
the take up of such energy efficient
equipment. Not many years ago the market
was dominated by two or three names,
however thumbing through the pages of
one trade magazine revealed that around a
dozen manufacturers are now competing in
this area. It is to be hoped that this will
make such equipment even more
accessible since it provides an avenue to
power cheap surplus industrial machines
from the single phase domestic supply.

In the workshop

Work on the trailer has moved forward,
with the main structure being essentially
complete, while the brake mechanism and
suspension control are in progress. A
1200Ib. hand winch has been obtained,
which with its 65 feet of cable should be
sufficient since this will allow doubling
around a pulley block if ever necessary. It

small mountain of sawdust during
demonstrations.

Historically, the weather has almost
always been kind to this event, however
this year was the exception, with a
succession of sharp downpours
conspiring to dampen spirits in between
the bright intervals. Fortunately the
forecast was accurate, and waterproofs
had been donned. With something over a
thousand individual exhibits, this event
can probably challenge the Glamis
Extravaganza for the premier title for this
ype of event north of the border.

was noticeable that as fabrication work
proceaded, the standard of welding
improved visibly, a clear case of practice
making, if not perfect, at least a few
tentative steps in the general direction of
the elusive perfection.

On a totally different topic, an
acquaintance called by to raise the
question of restoring a worn pre-war
Wolseley king pin assembly. Examination
and measurement showed slight wear on
the hardened pin, and rather more on the
bushes. At the time of writing he is
attempting to track down new replacement
parts, however if these prove unobtainable,
then it may be a case of lightly grinding the
pin diameter, either between centres, or
using the Grind All, and then turning up
undersize bushes to match.

DRO Developments

This issue includes articles relating to the
two extremes of capital spend on such
devices. Having some years ago fitted a
two axis system to my Beaver Mill, | am
well aware of the usual advantages. In
addition, my rotary table has become all
but redundant except for milling curved
surfaces. A number of years ago, Richard
Bartlett introduced Compucut, making
affordable CNC available to the amateur
workshop. Now in conjunction with
software developed by Alan Good, he has
come up with an ultra low budget system
for positional readout, using computer
mouse internals.

The recent arrival of relatively low cost
readout scales of oriental origin has added
a further mid range budget twist to
matters. Fitted to a typical mill as supplied,
they are less than totally convenient, in
that one needs to almost prostrate oneself
before the machine in order to peer at the
smallish figures in awkward places
(notably y axis). For additional cost, they
can be connected to a remote repeater for
more convenient reading.

Also using these scales, one of our local
club members, John Curtis, has achieved a
similar easy to read result by feeding the
outputs of up to four such scales via a
multiplexing board to a PC, giving large on
screen digits. If scales are fitted to both
quill and knee, then a corrected Z figure
can be shown. Given that computers are
now so cheap, this promises to add
convenience to such a setup at relatively
little cost.

It is hoped to feature an article on
John's system, in the not too distant
future, however prospective builders will
require the production of a programmed
chip (this being outwith most amateur
capabilities), and as yet, no commercial
arrangements have been made for this.

1



MILLING PROJECTS
FOR BEGINNERS (3)

added security.

or this the third part of the series
we are producing two very simple
items, one essential for use on the
milling machine, the other almost
equally so. The items are clamp bars and
parallels.

The Clamp Bars

It would be tempting in the case of the
clamps to cut a few short lengths of steel,
drill a hole for the clamp stud, debur, and
call it a day. We are in this though for the
experience so will aim at a more
professional finish and useful result. The
dimensions on the drawing are for
guidance only as size of machine, may
dictate the size made. Do though ensure
they are sufficiently robust, if in doubt be
cautious and use a thicker material. Eight
millimetres thick would seem a sensible
minimum for use on all but the lightest
milling machine. The slot and hole will of
course have to suit the clamping stud
size. | have suggested a set of
dimensions in Sk.1.

First decide how many are to be made
and cut off this number from the bar of
material adding 1 to 2mm for final
machining. As to quantity | would suggest
6 minimum. This may seem more than is
likely to be used at any one time but as we
shall see shortly other uses than direct

12

1. Machining the first end of the clamp, do machine towards the cylindrical square for

clamping do frequently occur.

Mount the angle plate and one of the
cylindrical squares (as covered in the
previous article) and first clamp as in
Photo 1, you will need to make a simple
clamp with a single hole if you do not
have one. Use one of the other clamp
pieces as packing for the clamp though it
is best practice for the clamp packing to be
just higher than the part being held. This |
normally achieve by placing a thin piece of
card under the part being used as packing.
Machine the top face of the part and
unless you have a large diameter cutter
two passes will be necessary. In all milling
operations it is highly desirable to machine
towards the supporting items, in this case
the cylindrical square. If machining was
away from the square, that is from right to
left in the photograph, the single clamp
may not adequately hold the part. Eagle
eyed readers may observe that the clamp
stud could be higher in the angle plate
slot, ensuring that the clamp held the part
nearer the edge being machined for
improwved security. This though is not the
case as | find that using a Tee nut in the
slot enables nuts to be tightened without
the need for a second spanner, and often a
third hand. The T nut does though prevent
the screw from being close to the slot end,
and | intend to make some special nuts as
shown in Sk 2 for use in this way.

In section three of the series,
Harold Hall focuses on two
simple but essential
accessories.

T nuts, other uses

Having trimmed the first end of all the
clamps, machine the second in a similar
manner, Photo 2. At first this may appear
identical to photo 1 but closer examination
shows that the part is being supported by
a screw screwed into a T nut, illustrating a
point made earlier that there are uses for
T nuts other than pure clamping. When
fitting, turn the screw until it contacts the
bottom of the T slot and very lightly
tighten. This then supports each part as
they are fitted onto the angle plate so that
each new part can easily be machined to
the same length without recourse to
measurement or reading leadscrew dials.
A real time saving benefit when a number
of identical parts are being made.

Secure clamping

Next mark out the parts for drilling the
holes and just one with the width and
length extremities of the slot to be made.
Drill the single hole in each one and use
this for securing them to the machine table
as in Photo 3. | cannot stress too much to
err very much on the safe side when it
comes to securing parts for machining,
one too many a clamp is very much better
than one to few. With that in mind, placing
support pieces, which do not actually grip
the part, but prevent sideways movement,
will give added security, often in places
when an additional direct clamp cannot be
applied, as will be seen through the series.
They may also function as positioning
stops when multiple components are
being handled.

In this case a single screw fixing would
probably suffice, especially as it is a slot
being produced that will not tend to place
any side load on the item. The support
pieces in the photo do though perform a
very important additional function. Mount
first the clamp that had the slot positions
marked onto it and position it using an
engineers square of the front face of the
machine table. Clamp it in place using the
single screw then add the two support
pieces as shown in the photograph. As
you become more involved in milling
machine activities such additional aids to
completing the task will become
necessary, so do make a habit of keeping
these bits and pieces handy for possible
future use. Of course the clamps now
being made could perform this task for
future operations, hence my comment

Model Engineers’ Workshop
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SUGGESTED SIZE ONLY DIMENS!ONS MAY CHANGE 10 SUl
MACHINE AND CLAMP STUD SIZES.

SKI1 Suggested clamp dimensions
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WHEN USING A T NUT WiTH
THE FACE PLATE OR ANGLE
PLATE, NUTS MADE AS PER
THE ABOVE FORM WILL
ENABLE BETTER USE OF
THE SLOTS TO BE MADE

SK2 Modified T nut

SK3 Post

regarding making a sufficient number.

Fit a slot drill of a size that will cut the
slot at one pass. If however a sufficiently
wide slot drill is not available, then widen
the slot with a second pass. ( For this, |
prefer to use an end mill rather than a slot
drill, as | feel that the former may be more
robust when cutting on one side only.)
With the machine stationary lower the
cutter so it is almost touching the
workpiece. Then, with the cutting edges in
line with the cross travel use the cross

2. The positioning screw below the ¢lamp piece enables all the
clamps to be easily machined to the same length when machining

the second end.

November 2002
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feed to align the cutter with the marks on
the workpiece, lock the cross feed in this
position. Now rotate the cutter ninety
degrees and traverse the table until the
cutting edge lines up with the end mark
and set the first table stop (bottom
photograph 3) at this point. Knowing the
length of the slot, and the diameter of the
cutter, set the second table stop with the
gap required, and traverse the table to
check against the other end mark on the
clamp. Various techniques may be found

useful for setting the second stop, distance
gauges, a drill or bar of suitable diameter,
each of which may be augmented by
feeler gauges for fine adjustment. In each
case check with micrometer.

Start the machine and plunge the cutter
into the workpiece, say by Tmm, (or more
if yours is a heavier machine), and make
the first cut. Slot drills can be used in
either direction, so plunge the cutter by a
further Tmm and take a cut in the reverse
direction. Continue until the slot breaks
through on the other side. As the slot
aligns with the T slot there is no danger of
the cutter damaging the table surface. The
positioning pieces on the table, and the
end stops having been set, will make the
repeat machining of the remaining clamps
very straight forward.

You may consider that the single hole in
the clamp is purely for this machining
operation but we shall see later in the
series that it has a very important role to
play. Generously debur all edges and the
clamps are complete.

Parallels

Almost as essential as the clamps above
are a set of parallels for use during milling
operations. These could be commmercially
made items, ones made by the user, or, as
so often is the case, just off-cuts from mild
steel bar. Whilst in many cases the latter
may be adequate, especially when used as
a single parallel, two pieces of bar,
especially if taken from different bars, may
not be sufficiently identical. On the other
hand the hardened and ground
commaercial variety will be of an accuracy
rarely required and be a little on the
expensive side. Of more significance
though with these is that they will not be
available in a sufficiently wide range of
heights, especially if the cost is a
consideration. Making your own is
therefore a worthwhile option as the cost
will be minimal and a wide range of sizes
will present no problem.

Parallel, How?

The aim will be to create parallels in pairs
that are both parallel along their length
and of exactly the same height, at least
within good home workshop standards,

3. With the clamp having been marked with the position of the
slot, setting the table stops for machining the slot in the first and
remaining clamps is easy.
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SK5 Effect of incorrect clamp position

4. Posts fitted to the angle plate and lightly machined on top
enable parallels to be positioned and machined to a fair degree of
accuracy.

say within 0.02mm. At first sight this may
appear a standard that is too close to be
achieved, especially with regard to being
parallel. How, after machining the first
side, is the parallel positioned accurately
enough for the second to be machined
parallel to the first? This is the secret
behind the method proposed.

The heights of the parallels are not
critical providing each pair are accurately
the same, | would suggest nominal values
of 10mm, 15mm, 20mm, 30mm, 40mm
and 50mm. and say 8mm thick and
100mm long. Having cut your lengths of
material, in various widths, machine the
ends using the same setup as illustrated in
photo 1 and generously debur the ends.
Also remove any blemishes along the long
faces and edges that affect the mounting
of the pieces for machining.

Make two posts as Sk. 3, as you will see
the dimensions are not that critical, and
mount these onto the angle plate at
approximately the same height, see Photo
4. Machine very lightly over the top
surface of the posts to give two locating
faces for the parallels to sit on. The small
reduced end to the post avoids having to
machine too close to the angle plate face.
It will be necessary to mount the posts
nearer the top of the angle plate for the
smaller sizes, say 10,15 and 20, then re-
motunt lower down and re-machine them
for the larger ones. The screw seen in the
centre slot acts as packing for the clamp
when holding the parallels as in Photo 5.
This should be set at a height just greater
than the thickness of the two parallels, say
plus 0.5mm. This would seem to be a
good time to examine good practice in
terms of clamping and rather than go into
lengthy verbal description, Sk.4 should
largely illustrate the do's and don'ts. Note
that in this case, if the clamp is not
positioned suitably the parallels may tilt as
shown in Sk. 5. with obvious
consequences on height accuracy.

With the first pair of parallels mounted
machine the first side, remove and very
lightly debur edges and ends. Turn over,
and once more fit in place making sure
that the mounting surfaces are
scrupulously clean. Machine the second
side, Photo 6, the piece of packing seen
added below the clamp holds this at just
the right height. Finally, remove, debur,
and the first pair of parallels are finished.
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Photo 7 shows the use of T nuts with the
angle plate as mentioned earlier. This
avoids the need to use two spanners and
frees a hand to help elsewhere.

These parallels not being hard will be
susceptible to damage on their edges,
though if treated accordingly this should
easily be avoided, a small wooden tray
with separators would help at the storage
stage. In any case any damage is likely to
be local and can easily be removed with a
file without effecting their overall accuracy.
Of course if you have access to more
advanced facilities, you may be able to
have your parallels case hardened and
then trued up on a surface grinder.
However that falls outwith the scope of the
present discussion.

® MEM electric motor starter, for use
on single phase, 240 volt coil and No
Volt release. Reversing switch with
wiring diagram. Both suitable for
Myford or Boxford lathes or similar
machinery. £30-00 the pair plus
carriage, would split. Please contact
Mr. J. E. Fletcher on 01723 362 537

® For Sale Picador Pulleys 4in. and
10in. with two S/A BB Plummer
Blocks with bolts, collars, and
washers £20-00 Please phone Mr G.
R. Hughes on 02392 737 365 (Hants)

® For Sale Hemingway Knurling Tool
kit £25-00. Dremel 210 drill stand
(928 series tool) £10-00. Please
phone Mr D. Pickup on 01373 832
681
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This now completes the basic kit
shown in Photo 8 and as the series
progresses it will be seen to be adequate
for completing some sizeable projects
without further equipment. In the next
section, we commence the construction
of a boring head, the first of three
substantial projects that bring the series
to a conclusion. Even though the projects
are quite sizeable the individual
machining operations are mostly no more
complex than those already met. The
projects should therefore not present any
major problem, even for the novice, but
provide sufficient milling involvement to
ensure that the newcomer would be well
at home with the machine by the time the
series is complete. @

8. With the basic kit now complete we are
ready for some advanced projects.

Would readers wishing to make use of this facility please note that the maximum
total value of items accepted for a ‘For Sale’ entry is £50.
To advertise goods of a greater value, please contact our Classified
Adwmment Department. Please indicate clearly if an item is intended for Link Up.

WANTED

® Wanted instructions for construction
and use of Dore Westbury Milling
Machine Kit by Model Engineering
Services. Will reimburse all costs. Also
wanted, Acorn/ Ajax vice for Acorn/ Ajax
7in. shaping machine. Please phone Mr
D. Pickup on 01373 832 681

® Wanted a mains electric motor not
less than one sixth H.P. with an integral
reduction gear -OR — a pair of spur
gears to make a 10:1 reduction gear
{similar to Myford gears) Please Phone
Mr P.A. Twist on 01962 880 475

® Wanted copy of manual for Adcock
and shipley Milling Machine model
OEG. Please contact Warren Green, 15
McDonald Road Papatoetoe 1701, New
Zealand, or e-mail greenest@ihug.co.nz
All expenses reimbursed.

® Wanted help. | have recently
purchased a small bench filing machine
made by the Oliver Instrument Co.

Adrian, Michigan, U.S.A. Several parts
are missing. Any information, manuals
etc would be most helpful. Costs of
photocopying etc will be gladly
reimbursed. Please contact Stephen
Tresidder, 17 Station Rd, Carnhell Green,
Cambourne, Cornwall, TR14 0LY

® Wanted Information. Does anyone
recognise the homebuilt lathe (see
photo). | bought it from a friend a
couple of years ago, and he had
purchased it at a workshop clear out. I'd
like to know who designed it. Please
contact Kevin Quiney email:
kequp2u@ukf.net




MOTOR SPEED

CONTROL

DANGER
WIATNS. VOLTS st
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1. Top view of hoover control unit, showing (live) metal heat
sink cover. The triac can be seen at the left. :

n the correspondence of the control based on the TDA 2086A phase-
Aug./Sept. 1997 edition of MEW, the control chip. Unfortunately, with the
guestion of speed control of AC cessation of Plessey semiconductor
motors was discussed, and a production (a very sad event indeed) this
particularly helpful suggestion was made chip is no longer available at any
to use discarded washing machine motors reasonable price. On the other hand, the
for the purpose, with an electronic speed basic idea of using a series-wound

Vasilii Zakharov suggests a
low cost approach to variable
speed control which can be
applied to many typical
amateur size workshop
machines.

washing machine motor for driving a small
lathe or other machinery requiring say 1-2
HP is still an excellent one, because the
incorporation in the motor units of a
tachometer allows electronic control of
speed over a very wide range indeed
(without gearing, 100 to 10,000 rpm is
typical) with only marginal loss of torque
over the whole range, and with tolerably
good speed stability for varying loads.
Moreover, such motors are usually very
inexpensive, or even available at no cost at
all, and they run off single-phase AC mains.
The purpose of this brief article is to
suggest that a simple, even trivial, solution
exists to the problem of electronic control,
even less expensive than the original TDA
2086A option. This is to use not only the
motor but also the control unit from the
washing machine, and then modify it

Fig. 1 Variable speed control for Hoover motor
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appropriately. The modifications are simply
to add a rotary potentiometer with on/off
switch, a reversing switch, if needed,
housing the electronics and switches in a
tough (preferably plastic) box, and making
the necessary interconnections.

The author has in fact implemented
speed-controlled motor drives based on
parts from two different washing
machines, Hotpoint and Hoover. It was
discovered that the motors, connectors
and tachos differed only in minor detail
and construction, and so also for the
control units; for example, the particular
Hotpoint circuit seemed to be marginally
superior in having a ‘slow-start’ feature,
while the Hoover motor was the more
substantial. The motor mounting
arrangement and pulley were also
remarkably similar. There is no reason to
suppose that other washing machines
have anything much different in them by
way of motor drive.

Just as an illustration, Fig. 1 shows the
circuit of the (simpler) Hoover control unit,
together with the added speed-control
potentiometer, on/off switch, and reversing
switch. All the letter and numeral symbols
at terminal points are as original (e.g. the
tacho is connected to terminals (5) and (6)
on the motor connector). The reversing
switch simply reverses the polarity of the
field winding in relation to the armature
brushes. It is MOST important that the
reversing switch is not operated whilst the
motor is powered on, so a mechanical or
electronic safety interlock is essential. The

3. End view of Hoover motor showing tachometer. The plastic cover
with connecting socket has been moved to reveal the tachometer.

usual warning about reverse running of
lathes etc. of course applies. The on/off
switch can obviously be quite separate
from the speed-control potentiometer, but
having a rotary potentiometer with a
combined switch does have the added
advantage that switching on or off then
occurs at minimum speed.

For anyone searching for the control box
in such a washing machine, just follow the
wiring from the motor connector to the
(nearby) control unit. In the author’s
example, this was a unit with edge
connector (convenient!) about 10 x 8 x3 cm..
Be careful: the metal cooling cover acts as a
heat-sink for the Triac switch, and this not
only gets hot during operation, but is LIVE
to the AC mains. Hence the advice to house
the control electronics in a plastic box, and
also, incidentally, to leave some holes for
ventilation. Photos 1 and 2 show the control
box, from above and below, the edge
connector being clearly visible in the latter.

Concerning the tachometer, the Hoover
version of which is shown in Photo 3, the
actual physical construction does vary
from one machine to another, as does the
number of poles and the magnet
arrangement. So, although by no means
impossible, it is not advised to use a motor
from one machine with a control unit from
another. Do not alter the tacho setting
unless you know what you are doing!

It is possible in principle to build a control
circuit for any of these motors by using
ordinary electronic components available from
suppliers and copying the circuit | have shown,

rather than using the washing machine control
unit. But care should then be taken to include
the various safety features and measures to
minimise electrical interference, for example
the ‘snubber’ network. Whatever the control
circuit, it is strongly recommended to use an
EMC filter between the AC mains and the
control unit with motor; this is what the
washing-machine makers do anyway.
Otherwise there will be electrical interference
from the unit to other electrical equipment
(such as radios and TV sets) along the mains
wiring. Notice that, in addition to the on/off
switch on the control unit, | have also shown a
separate mains isolating switch and 10 Amp.
fuse. This is a standard wall-mounted unit, and
is usual practice.

It was not intended here to go into any
detail about circuit operation and so forth.
Rather the purpose was to describe an easily
copied and practical “black-box’ solution to
the problem of speed control for readily
available motors, and a solution particularly
for those who are perhaps not well versed in
electronics. For those readers who are
interested, | can perhaps mention that the
basic scheme used for control is with closed
servo feedback loop. The tacho generates a
signal proportional to actual motor speed,
and this is converted to a voltage which is
compared with a reference voltage
representing the desired speed. The
difference between the two determines the
fraction of each half cycle of the AC mains
during which the triac is switched on (the so-
called firing angle). The circuit operates so as
to keep the speed constant regardless of
load, although change in speed by changing
the setting of the control potentiometer does
take a few seconds because of the time-
constants of various circuit elements. When
first switching on, there is some intentional
delay in coming up to speed.

It took some time to go through the
tedious work of tracing out the control
circuits, and understanding how all the
circuit features work. But all this is now
done, and the end result has been most
rewarding. For no cost at all to the author
(except time!) he has several motors whose
speed can be controlled from 10 to 1000
rpm (when using 10:1 reduction gearing) at
the turn of a single knob. Moreover, the
necessity of designing and making a printed
circuit board has been entirely avoided. It is
to be hoped that other readers will gain the
same benefit. After all, there are plenty of
scrap washing machines about! @

4. Hotpoint motor, clearly showing the tachometer mounted at
the end of the spindle, and also the connecting socket.
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SIMPLE TOOLS -

SIMPLE METHODS

|

1. A selection of small chisels.

ust lately | have had to re-think my
model engineering activities, not
just re-think but finish. Since
moving to a small flat our
furnishings and belongings have had to
shrink. Having thought long and hard
about possibilities, | have decided to stop.
It is a question of room: the sitting room
and bedroom are non starters for obvious
reasons. So is the kitchen, Pauline has
hardly enough room to cook. That leaves
the bathroom and | toyed with the idea of
a board over the bath which | could put the
Unimat on. Having thought through all
the implications, | abandoned that idea.
During a conversation with our editor,

2. Chiselling the waste off a broad surface

18

he suggested that | ought to make myself
useful by writing something aimed at
beginners. | thought that a look at some of
the simple hand tools we use would be a
good start, as the basic cutting tools are
often undervalued and overlooked. If you
do not have access to a heavy duty
machine shop, then much metal removal
can be accomplished quite efficiently by
the thoughtful application of hand tools.

Chisels

You cannot get more basic than a chisel.
You may choose to think of it as the
foundation upon which most metal
cutting technology has been built. The
shape of the cutting edge and the
arrangement of rake and clearance angles
are common to most other cutting tools. In
a sense, a turning tool is little more than a
stationary chisel, presented accurately to a
moving workpiece, a flycutter may be
thought of as a sort of rotating chisel, and
a multi-tooth cutter just a series of chisels.
What comes to mind when chisels are
mentioned is not always too accurate. The
immediate mental picture is of a lump of
hardened steel which has to be clouted
with a big hammer. This is certainly not
always the case, two of my most useful
ones are quite small and only need a 4oz.
hammer. Consider also the precision work
undertaken by master gunsmiths chiselling
out fine decoration. Photo 1. shows some |
use, from left to right, a home-made one
from an old file, a very light duty one
ground from a %sin. tool bit, my favourite
one, 4in. long with a %in. blade width and
the last one, bought for me by my son, a
Japanese one with a cutting angle rather
on the acute side, useful for soft materials
and with a lovely comfy handle. Photos
2,3, and 4 show the favourite one being

Bob Loader describes some
very basic techniques, - oft
forgotten but nevertheless
extremely useful.

used. Photos 2 and 3 show it at its most
useful, where there is an amount of metal
to remove which would be very hard work
with a file, but too little to saw off, just that
awkward size. Making hacksaw cuts to the
depth needed, leaving a little for finishing,
will let the chisel do all the hard work.

The best metals for chiselling are the
brittle ones, like cast iron, cast bronze, cast
aluminium alloys and hard brass. Most
steels will chisel reasonably well but the
tougher ones will need a bigger hammer.
Thinner metals can be cut nicely in a vice
as in Photo. 4. where the flat area of the
vice jaw acts as a guide and keeps the cut
level. Large jobs in thin materials can be
done by putting the work over a piece of
wood and following a marked line, leaving
a bit for finishing. Keep the edges sharp
by grinding them to an angle of about 60 -
70 degrees with a slight radius. Keep the
head chamfered, it should never look like a
bunch of flowers. There are different
shapes of chisel for special jobs but for
model engineering, flat ones are the most
useful.

Safety considerations
when using a chisel

There are three main sources of danger
when using chisels. Always wear goggles
or safety spectacles. Small chips will fly
about and using Vaseline as in photo.3. is

3. Chiselling off a narrow surface, a smear of Vaseline helps stop

the bits flying about.
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4. Using a chisel against the vice jaw to cut a thin metal.
Photo by Pauline Loader.

ETE

6. Blades for three different saws.

not always the answer. A much used chisel
will gradually develop a mushroom head
with split edges. Pieces of these can
fracture away at high velocity, so keep the
head of the chisel neatly chamfered by
filing or grinding when it starts to spread.
Use a chisel guard if you have to do a lot.
Itis a circular piece of hard rubber which
can be squeezed on to the chisel shank.
When you miss the chisel head, it saves
you from clouting your fingers. If there is
the slightest chance of anyone else being
hit by bits of metal, rig up a guard or
curtain to keep them safe.

Saws

Hacksaw

As well as the normal jobs which need
sawing, there are some which a hacksaw
is specially good at. It can be a very good
roughing out tool and also a short cut in

8. Using a junior saw to cut out the waste from a curve.
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chiselling.
many jobs. For instance, the piece of cast
iron being sawn in photo.5. is being
prepared for the chiselling shown in
photo.3. It saves time and trouble.

A hacksaw frame with several blades of
different pitches will cover most of the
cutting you will need to do.

In photo.6 the top blade is one for a
hacksaw and is suitable for most cutting
jobs. Look for the magic words, "high
speed steel’ or the letters HSS, it may not
be flexible but if it is used correctly, that is
not too important, I've shown this blade
because it shows the number of teeth per
inch and also the direction of cut, the big
black arrow. What S D means | have no
idea. You should have another two blades,
one with 24 teeth and one with 32 teeth,
then you can follow the rule, - soft and
thick materials - coarse blade, - hard and
thin ones - fine blade. You will not go far
wrong if you remember this. The other
blades are one for a junior saw and the
bottom one for a coping saw, more about
those later.

A useful addition to the hacksawing
tackle is a few tension files like those in
photo.7. The two in the middle fit in the
saw frame with the clips shown. The one
with the spring clip is the easiest to fit, the
other one is a bit of a fiddle. The files are
coded, red for coarse, yellow for medium
and the coloured bit goes to the handle
end. Better still is the one on the left, it is
a tungsten carbide one which is uni-
directional, no clips, no fiddle and
according to the label, will cut anything. It
is called a rod saw and | bought it in

5. Preparing the job in photo.3. by hacksawing grooves ready for

i ) 1 ¥ ‘
! |
: | X
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7. A rod saw and two tension files with
the clips used in the hacksaw frame.

America, if it is available in this country,
buy one, it is excellent.

Junior saw

As the name suggests, it is a smaller
version of a hacksaw with a finer pitch
blade which is hard only on the teeth, so it
is easier to bend and wears out quicker.
There is a variety of frames, from the
simplest- a piece of % in. mild steel bent to
shape, to some more special ones which
are more comfortable to use. Photos. 8
and 9 show one of each type. They are
very good at cutting shallow curves,
photo.8. because the blade will follow the

9. A junior saw used for accuracy.
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11. The thinnest material a coping saw will manage because of the tooth pitch.

curve, especially if the work has been cut
down to the marked line first, leaving the

bits in between to be cut. Another use,

photo.9. is where the cutting must be very
carefully done. The job was to rough out

12. The thin blade of a coping saw will get into awkward places.
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the slots in a four jawed chuck body. The
‘feel’ is better than a hacksaw and there is

less chance of the blade jJumping about.
So the junior saw is good for accurate
work and the smaller jobs.

Points to remember
when sawing

1. Keep the sawing speed down, for
most materials about 60 to 80 strokes
per minute is right, the timing of the
radio time signhal is a guide.

2. The man who made the saw blade
put teeth all the way along, use all of
them.

3. Cutting pressure should be only
enough to make the teeth cut and they
cut going forward.

4. If you use the saw like a scrubbing
brush, you will break a lot of teeth and
the blade will not last and one day it
will be the last blade in your box, but
you will only find out when you have
broken it.

5. When starting a hacksaw cut, file a
small nick for the blade to drop in. It
will save your fingers and finger nails
having lumps cut out of them

6. When sawing to a line, especially on
thin materials, cut along the widest
side as in photo.13. it will let you sight
along the line and make sure that there
are more than 3 or 4 teeth in contact.
7. Do not cut thin materials vertically, it
will encourage the saw to wander and
perhaps break teeth.

8. When putting a blade in the saw
frame, take up the slack and give the
adjusting nut another three full turns,
that should be enough tension.

9. The same applies to tension files.
Be careful not to saw too quickly with
them, they get hot very quickly; for the
same reason avoid too much pressure.

13. Sawing along a line instead of
vertically is best for thin worlk.

14. Hacksawing a large block can be hard work.

Model Engineers’ Workshop




15. Changing the sawing direction several times will make the job  16. Roughing out a large turning workpiece with a hacksaw.
easier, note that when the work is too big for the vice there is a
remedy.

Coping saw

This one has a deep frame and a narrow
blade which can be set to any angle. They
are very good for jobs like the one in
photo.10 where several discs are being cut
from a tufnol blank. They will cut most
materials and are better on the thicker
ones because of the coarse teeth, the work
in photo.11 is about the limit for thin

work. With the blade angled as in
photo.12 it is a good tool for getting into
restricted spaces.

Short cuts

A hacksaw is ideal for shifting a lot of
material fairly quickly. If, like me, your
machining equipment is limited, a lot of
roughing out can be made easier by
hacksawing as in photo. 14 where a cast
iron block is being reduced to a
manageable size. The technique is to cut
down to about the blade depth, then move
it 90deg. and do the same again. Keep
moving it and you will always be cutting
along a manageable length. To use a
small vice which will not open enough to
hold the block end wise, put a bar into the
vice and clamp the block to the bar,
photo.15. It is a solution | have had to use

for larger work. g e iAGR e AR ks 18. Almost
The same sort of roughing out can be : SLOLgE P R ; finished and a

used for some turning work where a lot of . ¥ L lot quicker,

material must be machined off. Using a : WEPBW o e ey . s B T thanks to the

hacksaw can be quicker than turning for - ] : hacksaw.
the roughing out, although it does not look d ? !
too clever, photo.16. But by the time it has
been turmed a bit, photo.17 it looks a bit
better and when almost finished, photo. 18,
it has cleaned up a treat and looks as if it
could have been turned from the start. In
this case the method adopted saved a lot
of time and machining, to say nothing of

swarf. @

Next issue

In the second part, | shall offer a few

words on the subject of files, again
simple tools, again frequently
undervalued and overlooked.
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A TALE OF TWO
READ-OUTS (2)

1. Repeatability of positioning is proved by the insertion of rivets in these loco. step parts

Minor Limitations

Although | chose the Newall system as
best suited to my requirements, there
are many others out there vying for your
attention and pocket money, and you
might have bigger machines than mine,
without the space restrictions. Which
would extend your choice of system
considerably, of course, and you might
well decide on another variety. Whatewver
the actual system you choose, what it
can do remains pretty much the same as
long as we stay in the realms of the
“professional” equipment. Almost pretty
much the same, though you do need to
check each one out in some detail before
stumping up the monies. As an example,
the Newall system that | have has to my
mind two limitations — it won't take an
input from an electrical edge finder, and
it doesn’t remember it's position when
powered down. This hasn't actually
caused me any problems, but they may
be important to you. The power-off could
be a nuisance, as | live in a sort of rural
area fed by overhead lines, so power
failures are by no means unknown. In
fact we had one whilst | was writing this,
and the mill DRO’s lights went out. It was
set up for a part-completed job, but
disaster didn't follow since
a) it would be relatively simple if a trifle
inconvenient to re-locate the
reference point on the workpiece, but
b) whenever the DRO is aligned for a
job | always return the slides to the
reference (0,0) position when |
pack up - that way | only have to
press two zero buttons to set it up
again. Anyway, back to the job in
hand - how does it perform, and
what will it do?

22

To answer the second question first —
nothing that you can't do with the
feedscrew dials, and in one particular
case a lot of calculation. What it will do
is do the same thing but do it more
conveniently, more quickly, more
accurately and more repeatably. If they
don't matter to you, don't waste your
money. If they do, then you have my
permission to start drooling!

It goes without saying that having got
the systems up and running, | was
somewhat impatient to cut metal and
find out exactly what I'd spent my
money on. And if it had been worth it!

Initial Efforts

The mill system was up and running
first, so the natural thing was to use that
to make the mounting components for
the lathe system, eight in total, plus
some precision drilling of the cross slide.
You'll have to believe me on that for the
time being, the drawings are in the next
part of the article. Suffice it to say that a
lot of holes had to be drilled, some
accurate milling was required, and it all
had to fit together and on to the lathe.
OK, so some of it could have been less
accurately done, but | wanted to test out
the system. So | went for accuracy, and
didn't resort to clamping things together
to drill aligning holes, each component
was drilled and milled individually. And
it all fitted together to perfection. Very
impressive indeed, and if that wasn't
enough, it was easy to achieve. Yup, it
was worth it. Definitely.

Even more impressive was the
manufacture of the rear footsteps for my
locomotive. These are shown in photo 1,
and each was drilled individually with 28

Barry Harrison continues by
examining the operation and
advantages of DRO systems.

- %" diameter holes for the rivets = no
marking out for the holes, nothing, just
location on the mill table against the two
bars on the table, each clocked true to
the respective mill axis. The DRO was
zeroed in using the edge finder visible in
the photograph, a George Thomas
design most kindly made and given to
me by Alan Hopwood of the York
Society.

Aifter drilling the first plate the DRO
was ‘scrambled’ and re-aligned with the
bars using the edge finder, the second
plate then being drilled. When the plates
had been drilled and were still in the flat,
27 rivets could be pushed through the
back-to-back plates, and the one that
couldn’t was because |I'd become
careless and had suffered a wandering
drill. Mea culpa, and it serves well to
illustrate the point that the performance
of these systems cannot exceed that of
the operator. There are 20 rivets through
the plates in the photograph.

Still on drilling holes, the case
mentioned above requiring calculation
involves the positioning of any number
of holes on a particular and exact pitch
circle diameter. Want a prime number
division plate way outside the range of
the ones you already have? No problem,
although some makes of readout place a
fairly low limit on the number of holes.
Locate the spindle at some convenient
point on the job, of known dimension
from the centre of the pitch circle. Press
a few buttons to tell the DRO where it is
and where you want to start drilling,
press another to select the bolt hole
circle option, and a few more to tell it
how many holes you want to drill. Press
another button to tell it you're going for
hole 1, and the display changes to
apparently random numbers. But wind
the feedscrews until the both axes read
zero and you’ll be in position for hole 1.
Then press for hole 2, move the slides
until both axes again read zero, and
you're in position for the second hole.
Ad infinitum ad nauseum, until you've
drilled all the required holes. It's as
simple as that, and accurate and
repeatable. So you can confidently drill
say the holes in the two ends of each of
two cylinders, then drill the four covers,
and they’ll be totally interchangeable -
as long as you didn’t let the drill wander
when starting, of course, and do the
original location relative to the bore
accurately enough. No marking out, no
drilling two together, no spotting
through, just perfectly positioned holes.
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A most useful facility is the ability to
locate anything relative to anything
else. If you want to dimension say a set
of holes from an edge of the job, that's
ok. If you want them located relative to
centre line, that's ok as well, just zero
the DRO at the relevant position. Most
systems offer several ways of doing
this, the most obvious is as described
above for the footstep backplates. In
fact, they were located from the centre
lines of the plates. With the DRO
zeroed against one of the bars (it could
equally have been against an edge of
the work piece) simply measure the
width of the job, divide by two and
enter this value as an offset into the
read out with a few keystrokes, wind to
zero and you're there, on centre line.
Alternatively, if you don't know, or can't
measure, the width of the job, use an
edge finder on one side of the job, zero,
move to the other side and again use
the edge finder to locate that one. Then
tell the DRO you want to go mid-way
between the two, and it'll take you
there, probably to greater accuracy than
you could have achieved by measuring
the width of the job.

Or the diameter of the job, if you're
drilling cross holes through a round bar.
No need for drilling jigs and bushes to
suit the many work and drill diameters
you might want to use, so there's an
enormous saving in time if you need to
do much of this sort of thing, and every
hole will come out on centre line, as
long as you exercise a bit of care in
starting the drill. And for the rare (!)
occasions where you want a hole
deliberately off centre by an exact
distance, a DRO system can sort that for
you as well... as long as you can get the
drill to start drilling, of course!

The foregoing examples should serve
to illustrate the uses of a DRO on a
vertical milling machine, and even
though I"ve only looked at drilling holes
it should be apparent how they can be
used when milling. Or a combination of
milling and drilling, the DRO doesn’t
care what you're up to, or what tool's in
the chuck, it just knows exactly where
the spindle centre line is relative to
where you zeroed it. So you cancut a
slot a precise distance from an edge
and an exact depth from the top
surface, do any other milling you might
need, then drill holes anywhere you
like. Inthe exact centre of the slot,
offset to one side, somewhere else. It
doesn’t matter, the DRO will guide you
to the right position, and do it without
need for any addition/subtraction on
your part.

Absolute or
incremental

Which brings us to another useful
feature, the ability to work in either
absolute or incremental dimensions, or
both simultaneously. | suppose that
should really be alternately, but you'll
see what | mean. The ‘normal’ operating
mode is absolute dimensioning, as
shown in the first simple (one axis)
drawing (Figure 1) - all dimensions are
taken from the left hand edge.

Figure 2 the same component, but
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dimensioned incrementally — each hole
is dimensioned from the adjacent edge
or hole.

As we all know, many engineering
drawings that we work to use a mixture
of absolute and incremental
dimensioning, and we also know that it
can be a real pain to convert dimensions
on the drawing to dimensions on the
job, with much addition and subtraction
being needed, each one bringing with it
the possibility of mental error - or digit
difficulty if you're using one of those
new fangled electronic calculator things.

Most DRO systems can work with
either system, and you can jump around
from one to t'other without any difficulty.
Take for example drilling loco frames.
The pattern of holes for the horn blocks
might be repeated at axle centre spacing.
If the holes are dimensioned relative to a
pattern reference point, then it becomes
very easy to move to the new absolute
reference point, switch to incremental,
and proceed with the pattern.

So you work alternately in absolute
and incremental dimensions, but the
DRO does it simultaneously, always
remembering where the zero point for
the absolute measurement is located.
This is most convenient.

And so to the lathe

So here | am, absolutely (or should that
be incrementally?) delighted with the
mill system, what about the one for the
lathe? Would you believe instant
disappointment? Naturally the first thing
that | checked on the lathe was how well
the DRO agreed with the feedscrew dials.
Great along the bed, unbelievably out for
the cross slide movement. Damned idiot,
Harrison, you forget to switch to radius
mode! One needs to remember that the
feedscrew dials on the Myford (but not
necessarily on other machines)
effectively read radius; if you move the
dial by ten thou, that's ten thou off
radius, twenty thou off diameter. The
Newall DRO defaults to diameter mode
unless you tell it otherwise, so it was
reading twice the movement indicated
by the dial - for my ten thou dial
movement it was telling me that the
diameter would reduce by twenty thou.
Right, that's sorted, and a lesson learnt:
When all else fails, READ INSTRUCTION
BOOK!

The second trial was to turn
repeatedly to 0.750in. from some
0.875in. round bar. The theory goes like
this: take a cut along the bar to some
diameter above finished diameter, and

measure the resulting work: say this
comes out at 0.781in. You now make a
few keystrokes and punch 0.781in. into
the read out, so it now knows that the
tooltip was at 0.3905in. from the lathe
centre ling, cutting a diameter of
0.781in.. Don't forget the plus/minus
sign, though, or you’'ll both get
confused! Now move the cross slide
until the DRO reads 0.750in., take the cut
and that's what you'll end up with,
0.750in.. Fat chance, no matter how
many times | tried it, the finished size
was wrong. Sometimes not much
wrong, less than a thou but readily
detectable, sometimes by several thou.
And to add to the confusion and
disappointment, the error could be either
way, up or down on diameter. So, instant
disappointment, and | packed up to go
away and sulk, muttering awful things
about Mr. Newall.

Whilst sulking and muttering | began
to recall that this wasn’t actually the first
time I'd had this problem, and I'm sure it
must ring a bell with others who have
for example zeroed the cross slide dial at
finished diameter, then worked to that
setting for further components, only to
have them come out the wrong size. |
also recalled that I'd had an idea as to
the cause of the problem, but hadnt
been able to confirm it. But now, if |
were to assume that the DRO was in fact
correct, then | had to look elsewhere for
the answer to the diameter problem, and
might be able to prove or disprove the
idea as to what had caused it in the past.

Now towards the end of the first
article | wrote: “The capabilities and
performance of these devices are such
that you'll only get the full benefit if the
machine is rigidly mounted, in good
condition, and properly adjusted, set up
and aligned. And properly used.”

Yes, that nicely described my Myford.
Very carefully set up, aligned and
adjusted, and mounted on Myford's
industrial stand which was firmly bolted
to a concrete floor. Carefully used as
well, each time I'd done a test the cross
slide had been clamped, as was the top
slide courtesy of GHT's clamping system.
Since the DRO was reading cross slide
movement and hadn’t recorded any
untoward creeping, the error didn't come
from that quarter. The top slide was set
with it's slides parallel to the work, so
even if it had crept along slightly, that
couldn’t have caused the significant
errors that were turning up. Only one
suspect left, deflection within the top
slide assembly. A few more tests, and
Bingo, I'd got it!
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Let's say we rough down with 0.020in.
depth of cut from 0.875in. to 0.795in.
diameter, measure the work and input
the dimension to the DRO. Take another
0.020in. cut to 0.755in., followed by a
finishing cut of 0.0025in. Normal
practice, agreed? Well, that was the
cause of the problem. When cutting at
0.020in. deep, the load applied at the
tool causes slight deflection via the top
slide, allowing the tool tip to move from
the dialled position to some other point -
the amount of deflection will depend
upon the depth of cut, the condition of
the mating faces of toolpost and top
slide, how well your top slide gib is
adjusted, and the condition of the mating
faces of top slide and saddle. So we
input a diameter cut by a deflected tool,
then finish with a light cut that doesn't
deflect the tool. Hardly surprising that
things go astray. The variation in error is
then simply accounted for by the fact
that | wasn't cutting consistently to the
same depth of cut on either the
measurement or finishing cuts, so | was
getting variable results.

As soon as | started taking an
intermediate finishing cut immediately
before taking the initial diameter
measurement, and always used that
same depth of cut to get to finished
diameter, instant disappointment was
replaced by the instant happiness of
perfect and repeatable results. As long
as the depths of cut for the
intermediate and final finishing cuts
were kept sensibly alike. A bit
inconvenient at times.

You might be tempted to think that the
tool holding was at least partly to blame,
but | can assure you that wasn't the case
as | use a Myford-Dickson tool post and
holders which are amongst the most
rigid of the quick change varieties. And a
few days later, | was able to show that
wasn't the culprit.

Now why do we want a top slide? So
that we can a) turn short tapers, and b}

advance the tool accurately towards the
chuck when facing off. That's about it, |
think. For me at least, a) is rare, and
could be dispensed with for the vast
majority of my lathe work. So far as b) is
concerned, the machine’s now got a DRO
scale for movement to and from the
chuck, so who needs a top slide for most
work? Older readers may remember a
tool post design by Tubal Cain that went
straight onto the cross slide, no topslide
in the way. He called it the ‘Gibraltar’
toolpost because it was as solid as a
rock! So taking TC's toolpost as a hint,
and my experiences as encouragement, |
made a version to take the Myford-
Dickson tool post. The finished item is
shown in photo 2, and again taking the
hint from TC, | call it the Bunker tool post
- it’ll take a bomb to shift it!

This has made an enormous
difference to both the lathe’s cutting
capability (I'm not a paid up member of
the Society for Prevention of Cruelty to
My fords, by the way!) as well as to it's
accuracy and the repeatability of
diameters cut against the DRO. It also
indexes the M-D post, as well as my
square 4-tool turret, so | can zero a tool
in, twist it away to cut at an odd angle
where clearance is needed, then index it
back and still have the tool point as near
as damnit to it's original, zeroed,
position. | cant quote the accuracy of the
tool positioning, but | can’t detect any
error on finished diameters after moving
and re-setting the tool. Of course, since it
still uses the same Myford-Dickson tool
post and holders, it confirms that my top
slide was indeed a source of slight
deflection. This may have been inherent
in the design, or more likely due to an
element of wear, since on anything but a
brand new machine, it can be tricky to
ensure correct gib adjustment over total
topslide travel. Additionally, it is not
unknown for wear to occur on the swivel
faces such that slightly convex surfaces
lead to reduced rigidity.

2. The “Bunker” toolpost improves rigidity and accuracy.
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Other benefits

That tale has served to illustrate both
how a lathe DRO is used for basic
turning, and how it's performance can be
negated by deficiencies in the machine
and the operator. How else does it
benefit one's working?

Well firstly a Myford is often used for
drilling holes in a work piece mounted
on the cross slide, so it's advantages for
accurately positioning holes are the
same as those described for the mill
system, albeit with the obwvious limitation
that it can only work on a single axis.
And you need to remember to switch it
from diameter to radius mode!

Anything mounted on the cross slide
can be moved towards and away from
the headstock by precise distances, so
facing castings and such to length
becomes a simple matter. Yes you can
use the leadscrew handwheel to do the
same job, but the backlash can be
significant on a worn machine, and tricky
to compensate.

What about setting up to turn a
taper? | haven't had occasion to try this
as yet, but it should be very easy
indeed. Any taper can be expressed as
say 0.253" per foot, so with the cross
slide connected to the taper turning
attachment one would simply zero both
axes, then move the saddle along the
bed for a distance of 12", adjusting the
taper turning slide until the said 12" of
lateral movement produces 0.253" of
cross slide travel. No DTl needed, no
master taper as reference. And if you
want to set up for a metric taper, it's
only necessary to switch to metric
measurements on the read out, no
conversion to be done.

That's another huge advantage, you
can switch between imperial and metric
at will, the DRO does the conversion for
you. The lathe (or mill of course)
becomes a dual-calibrated machine,
equally at home and comfortable in both
territories, and quite content to mix them
on the same job. Can't think why anyone
should want to do that, but if they do,
the facility’s there.

The next feature worthy of comment
isn't available with all types of DRO, and
in fact Newall offer a Microsyn/Topaz
system without this feature, which
reduces the cost significantly. Whether
or not you decide to spend the extra will
depend upon whether or not you put
sufficient value on the facility. And that's
the facility to zero-in nine different
cutting tools.

Let's assume that you have a toolpost
such as the Myford-Dickson, whereby
you can interchange tools and each tool
tip will re-locate at the same position as
it was before it was removed. With a
suitably featured DRO, each tool can be
programmed into the DRO in the same
way as | described above, each one’s
data (for both axes) stored against a
tool number. So you set up each tool,
giving it an identity number, and each
time that tool is fitted you tell the DRO
you're using say Tool 2, and its display
changes to indicate either the distance
of that tool point from lathe centre line
(radius mode) or the diameter it will cut
{diameter mode). This works for any
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tool, whether it's in the front or back
toolpost, the only difference is that you
need to remember to put the
appropriate plus or minus sign before
the measured diameter, according to
whether the tool’s at the front or the
back. To date I've only used this
capability for up to three tools,
(roughing and finishing tools in the
front tool post and a parting tool for
grooving in the back one), but it's
proved it's worth. In conjunction with
the use of replaceable carbide tips
which amongst their other advantages
eliminate the need for tool re-setting
(and therefore re-zeroing), the tool
offset capability can bring real benefit
when multiple components involving
the use of a number of cutting tools
have to be made. Not just several-off of
one component, mind you, making
different components also benefits from
having the tools and the DRO effectively
calibrated for each one. As long as you
don’t get a power cut that is, when you
then have to go through re-calibrating
the lot. Easy to cope with though — just
spend even more money and buy an
un-interruptable power supply to run
the DRO!

Oh yes, I've used the offset facility for
boring a large diameter blind hole
where | had to open it out with a small
tool initially, following up with a bigger,
stiffer tool as the bore progressed. Each
tool was programmed in for both
diameter and distance from the face of
the job. When | changed tools the DRO
compensated for the different lengths of

the boring bars, so by watching the Z-
axis read out | could get to the bottom
of the bore without the ‘orrible
graunching noises that result when the
tool hits the bottom. | could also
accurately position the bottom of the
bore, and skim either the bore or the
bottom at any time through the progress
of the work without fear of ‘losing my
place’ and inadvertently running the tool
into either one or t'other.

Which way to look

Now that needed me to watch the
display, not the work, and that's taken
some getting used to. | was so
accustomed, so conditioned, to
watching the cut and keeping an eye on
the dials, or vice versa, that to turn
one's eyes completely away from the
work and saddle was initially quite
alien. As | said, it takes some getting
used to, but eventually | did. Now I find
it strange to do anything without the
DRO, and look down at the work and
saddle! No doubt I’ll strike a balance
eventually and become equally
comfortable working either way.

After those initial problems were
sorted, that’s the only difficulty that |
can think of, the only disadvantage. I'm
still learning how to use some of the
features nearly a year after | installed
the kit, my excuse is that I'm not
cutting metal eight hours a day, five
days a week, and that naturally extends
the learning curve in comparison to
someone working in industry. And of
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course I'm not using every feature
every day, so there's still a need to
resort to the instruction book every
now and then. But those occasions are
getting fewer each time | use the
systems.

Each time | use them | marvel at their
capabilities, and take pleasure from
producing things that fit so nicely
together, with such little effort on my
part in terms of measurement, marking
out, etc. | can assure you that not
having to do all that, is not, for me, a
down-grading of skill, it's a welcome
relief from some of the tedium of
peering through loupes and magnifying
lenses in order to read scales on rules
and vernier height gauges, then trying
to locate a drill right atop an
intersection of two fine lines. | never
did enjoy marking out, and that lack of
enjoyment has increased as my close
vision has deteriorated. Nor did | enjoy
making allowance for backlash when
indexing on the mill, that drudgery has
gone as well. They have saved me time,
precious time, in many ways, time that
can now be spent on other aspects of
building a locomotive. Nearly a year
down the line from that fateful trip to
Donington in September 2001, | think |
can answer the question ‘Were they
worth it?" For me the answer is ‘Oh yes,
they were. Most definitely.” And I'll kill
anyone who tries to take them away
from me!

In the next and final section of the
article, I'll look in detail at the mounting
brackets for the Myford.

Coming up in Issue No. 87 will be

Engraver Cutter Grinder

Doug Ball looks at engraver cutter
geometry, and presents a device
for accurate grinding.

Issue on sale 13th December 2002

(Contents may be subject fo change)
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Extension to Mill
Adrian Kruger gets a quart

into a pint pot with extra
daylight.
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Gantry Crane

For moving heavy models
or workshop machinery,
Philip Amos may have the
answer.
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1. Y-axis slide showing the two mounting holes for the X- and Y- axes nuts.

| purchased my CNC option Wabeco 1210 mill just over 2 years ago. The original
reason for embarking on CNC was that my deteriorating eyesight was making fretting
skeleton clock plates and crossing out wheels increasingly more difficult. Now two
years on, | wonder how | managed before | had my CNC mill. Everything had been
going smoothly and | was delighted with the accuracy obtainable with the machine.
Recently however | began to notice that the parts | was making were no longer quite as
accurate as they had been. | re-ran the backlash compensation routine that comes with
the software only to find that the backlash, which initially had been uniform along the
length of the X-axis screw, now varied quite considerably along the length of the
screw. The same applied to the Y-axis screw. If | had only been using the mill as a hand
operated machine this non-uniform wear would have been of no consequence. But as |
use the mill very extensively in CNC mode (the machines in my workshop have to earn
their keep!) the degree of non-uniform backlash meant that the screws were now worn
to the point of justifying replacement. Either | replaced the old screws with new Acrne
screws and nuts with the prospect of replacing them again in a further couple of years
or | replaced them with ball screws, which would last a lot longer. Before making a
decision the cost implications of the two types of screws needed to be considered.
Some years ago | looked into replacing the worn screws on a BCA Jigborer. Then the
cost of a quality Acme screw and nut was in the region of £100. Not at all cheap! The
replacement ball screws fromn Wabeco were about £200 each. The basic difference
between the two types of screw is, the Acme screw involves sliding friction between
the threads in the screw and the nut and the consequent wear. With ball screws the
friction is rolling friction and the wear is significantly reduced as a consequence.
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Having reached the decision that
replacement with ball screws was the only
realistic option, the next problem was how
to actually carry out the fitting. There were
two possible options. The first was to have
Wabeco in Germany do the fitting for me.
This would have involved my shipping the
mill to Germany and being without it for
about 8 weeks. The cost of fitting would be
about £600. Together with shipping | was
looking at a potential cost somewhere in
the region of £1500 with VAT included.
This was sufficiently large to prompt me to
look for an alternative. After phoning
around a bit | finally settled on the firm
THK as the best possible source. The
principal advantage of THK was they were
able to supply 14 mm diameter, 4 mm
pitch screws, the same pitch and diameter
as the original Acme screws and a
platform nut which potentially would make
fitting a lot easier. Incidentally THK are the
only manufacturer | have found that
supplies a platform nut. The other nuts
supplied by THK and all those from other
manufacturers are cylindrical with
mounting flanges on the end. These nuts
are also significantly bigger than the THK
platform ones and would be a lot more
difficult to fit, at least to the Wabeco. The
final decision could anly be made once the
mill had been dismantled and the possible
methods of fitting the nuts considered. |
had already seen the way Wabeco had
fitted ball screws. This clearly involved
significant modification to the castings.
The screws from THK did have one
disadvantage, namely only right hand
screws were available. The X- and Z- axis
Acme screws originally fitted were both
right hand threads only the Y-axis had a
left hand thread. THK said they could
supply a left hand thread screw at a cost of
several hundred pounds. | decided that the
slight inconvenience of a right hand thread
Y-axis, which would only be a “problem”
for hand operation, was not worth
spending a lot more money.

I set about stripping the mill down and
only when | removed the nuts did | realise
just how simple fitting the new nuts was
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2. The original Aeme nuts

going to be. Photo 1 shows the Y-axis slide
to which are attached both the X- and Y-
axes nuts. Photo 2 shows the original
Acme nuts. The 15 mm diameter
cylindrical stub of the nut inserts into the
15 mm diameter hole in the casting The
axis of the cylindrical section of the nut is
lined up with the axis of the thread in the
nut. The Z- axis nut is similarly fitted. The
only problem in fitting the new nuts was to
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Fig. 1 X-Axis bracket
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make an attachment bracket having
similar features to the original nuts. The
brackets | made for the new nuts are
shown in Photo 3, and Figs 1, 2, and 3. The
only bracket that gave a slight problem
was the X-axis one. In Fig 1 the thickness
of the rectangular mounting for the X axis
nut has not been given. The thickness will
depend on precisely how much of the
casting is milled off to accommodate the
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Fig. 2 Y-Axis bracket

new nut The height of the central axis of
the original Acme screw above the
machined surface of the casting is 10 mm.
The distance of the ball nut to the
mounting surface is 13 mm. To get the
height of the nut correct and to give
something to bolt the nut to required the
depth of the recess originally machined in
the casting to be increased by about 6
mm. This gave the thickness of the
rectangular mounting plate after | had
machined my casting as 3.24 mm. The
only other machining that appeared to be
required was to increase the width of the
slots in both the Y- and Z- axes slots in
which the nuts slide by 4 mm. The
original width of these slots was just 34
mm), exactly the width of the ball nuts. |
could probably have got away with using a
file to increase the width, but preferred to
do a neater job so | took the castings
round to a friend who has a Theile Mill
which made short work of the machining
required.
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Fig. 3 Z-Axis bracket

4. The welded joint of the original Acme
screw and extension shaft.
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5. The machined ds of the screw shafts
and the extension shafts.

The rolled ball screw shaft supplied by
THK comes in either 1000 mm or 1500 mm
lengths and is induction hardened. A
single 1500 mm length of rod was
adequate to make all the three screws for
my mill. Photo 4 shows a close up of one
of the original Acme screws illustrating
how it was welded to the extension shaft.

6. The Z axis nut and guide peg.

After some deliberation | decided that the
best way of attaching the extension shaft
was to grind down the ball screw shaft to
10 mm diameter and fit this into a reamed
hole in the extension. The dimensions of
the extension shafts required for the
Wabeco 1210 CNC Mill are given in Fig 4.
Before the ball screw shaft was delivered |
turned up in the lathe the three extension
shafts and reamed a 10 mm hole in the
end to a depth of 50 mm. At this point |
was faced with the problem of getting the
ball screw shafts ground down to 10 mm
diameter for a length of 50 mm. As soon
as the ball shaft was delivered the first
thing | tried was a file on one end of the
shaft. Though clearly quite hard | was able
make an impression in the shaft with the

file. This gave me hope that | would be
able to turn the shaft down with a carbide
tool in the lathe. My hopes were confirmed
when | was able to cut off a length of shaft
with a hacksaw. Clearly the surface of the
screw was quite hard, however once
through the skin, the steel cut quite easily.
With the length of shaft held in a 14 mm
collet taking light cuts the end was turned
down to 10 mm diameter for a length of 50
mm. Initially | had a bit of difficulty until |
arrived at the optimum depth of cut, feed
rate and speed. Once | had these
parameters worked out it was simply a
matter of patience. The diameter of the
ends were made approximately 0.02 mm
under size as | planned to use Loctite
Structural adhesive (320) to secure the
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Fig. 4 Z-axis shaft extension
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7. The Z axis screw successfully inserted into the nut.

shafts in the shaft extensions. Photo b
shows the screw shafts machined down to
10 mm and the three extension shafts. The
Loctite will produce a perfectly adequate
joint, as the axial forces on the screws
under any normal operation are quite
small.

If you don't like the idea of using
Loctite then a really snug fit and a pinto
hold the shaft in place is an alternative
method. Any form of join involving heat is
not advisable as this may damage the ball
shaft. The final job was to drill a 5 mm
hole in the other end for a guide pin in
each ball shaft (see below). The ends of
the shafts and the holes in the extension
shafts were carefully cleaned free of all oil
and grease and thoroughly dried. The ball
shaft was gripped in the collet, Loctite was
smeared on the end and in the hole in the
extension. Using a centre in the tailstock
the extension was pushed in place, and
left until the Loctite had set. The screw
was removed from the collet and left
overnight for the Loctite to fully cure.

The ball nuts are supplied on a short
length of tube, which is used to retain the
balls in place in the nut. If the tube is
removed in the absence of the screw all
the ball bearings in the nut will fall out
which will give you two problems. The first
is the balls will have all fallen onto the
floor of the workshop. There they will
either have got intimately combined with
all the rubbish on the floor or if your floor
is nice and clean rolled into some

50mm

inaccessible corner where you cannot find
them! Having dropped out all the balls the
next problem will be to get them back
again. To overcome these problems |
made the guide pin illustrated in Fig 5.
One end of this guide pin inserts in the 5
mm holes drilled in the ends of the shafts
and the other end into the ball retaining
tube. Photo 6 shows the guide pinin place
in the Z-axis nut. As the shaft is screwed
into the nut the tube is forced out. Photo 7
shows the Z-axis shaft successfully fitted
to the nut. The retaining tubes should be
put carefully away as they will be needed
if the shafts ever need to be removed from
the nuts. | next fitted the Y and the X
screws in place. The Y-axis was no
problem however when | tried to slide the
table over the X-axis nut | found that the
top of the nut failed to clear the underside
of the table by about 1 mm! The only
remedy was to mill a slot in the underside
of the table 3 mm deep and 25 mm wide
to give plenty of clearance. Fortunately |
had access to a mill with the capacity to
cope with this simple job. Having
machined the slot the fitting of the screws
was completed.

The three screws appeared to work nice
and smoothly. | finished reassembling the
machine with the stepper motors in place.

25mm

-

10.2mm&

Fig. 5 Guide pin
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The final job before | could test the system
was to invert the direction of rotation of
the Y-axis to take care of the change from
left hand to right hand pitch. All that was
required was to interchange the two wires
from one of the windings of the motor.
This done it was time to measure the
magnitude of the backlash in the screws.
The CNC software | use, PCLathe, has a
very useful programme called SYNCUTIL
for compensating for the backlash in the
screws. On running this programme, the
measured backlash in both the X and Y
screws was a lot more than the figure of
0.05 mm given by THK. The Y-axis did feel
a little “odd” when turned by hand so |
began adjusting the alignment of the
nut/shaft. This turned out to be the root
cause of the problem. After a bit of
tinkering and appropriately placed pieces
of shim stock | was able to reduce the
backlash on both the X and Y axes to
almost the expected value. The ball nuts
may appear initially to be tolerant of the
alignment as | had thought. This is not the
case alignment is absolutely critical if the
screws are to work as designed.

In spite of the alignment problems |
encountered, | was surprised how easy
and qguick the job was to do. Having now
worked out exactly how to do the fitting |
reckon the whole job, once the required
parts had been made, could be done just
over a day. If you want to fit ball screws to
any other mill, then using the platform
nuts supplied by THK should make the job
almost as easy as fitting new Acme nuts
and screws.

MNow that the mill is again in working
order | have been able to appreciate just
how superior the ball screws are. There is
a small amount of backlash, which is very
nearly constant along the length of the
screws. The only way to avoid all backlash
is to use preloaded precision nuts and
ground screws. To go down this road you
will need to have a very fat wallet.

If the screws on your mill are reaching
the end of the road or have already got
there | can recommend fitting ball screws. |
have not found the change from left to
right hand pitch in the Y-axis any problem
at all for hand operation. If you do not
wish to fit the ball screws yourself
Maynard Ltd. are willing to undertake the

work of retrofitting. §|

For ballscrews contact:
THK UK

25 Alston Drive,
Bradwell Abbey,
Milton Keynes,

MK13 9HA

Tel 01908 22 21 59

THK are an international Japanese
company with branches throughout
Europe and the US.

For retrofitting contact:-

Mark Maynard,

Maynard Ltd.

10 Merritts Mill Industrial Estate,
Woolchester,

Glos. GL5 5EX

Tel: - 01453 833185
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PARTING OFF
WITH THE QUORN

1. Initial attempt at Thomas design.

Background

Parting Off! With the Quorn? Is the
man mad? Well amongst other things
this article is actually about the use of
the Quorn to grind a parting off tool
into the shape recommended by
George Thomas in reference 1 and also
about modifications to his style of rear
tool post.

Philip Amos reviews parting off techniques and describes a
method for achieving accurate blade geometry.

ike just about every other home

workshop lathe operator | have

had my share of smashups when

parting off - and very unnerving it
is too. So when | read in reference 1 about
the mechanics of the rear tool post, this
made a lot of sense and | decided that |
must have one. | followed the Thomas
pattern tool post using “Eclipse” style
blades, but still had a few smashups and |
concluded that my emulation of the
Thomas pattern was insufficiently rigid,
and would not hold the blade accurately
enough. My early attempts at shaping the
blade to the Thomas “Ultimate” pattern
were poor also. So since that time | have
adopted the double side-by-side groove
Thomas approach with marked success.
Nevertheless it still seemed a worthwhile
challenge to attempt to follow the Thomas
rear tool post concept. Now read on.

First Considerations

Thomas made a careful analysis of the
factors likely to cause problems in parting
off and set these out in a series of articles
in ME entitled “Matters Arising” (later
incorporated in his Model Engineers
Workshop Manual). To recapitulate, these
problems were:

Lathe flimsy or in poor condition.
Tools unsuitable or poorly set.
Nature of workpiece material.

Type and quantity of lubricant.

“Gun shy” operator using speeds too
low.

900 By =

His recommendations for successful
parting off were:

(i) Minimum overhang of workpiece
from front of chuck jaws.

{ii) Less top rake than used for normal
turning tool for same material.

(iii) Tool set slightly below centre (front
mounted tool)

{ivl Tool narrower at back than front.

{v) Tool exactly square to lathe axis.

{vi) Saddle locked to bed.

{vii)} Speed about half that for turning
same material.

{viii) Feed in slowly by hand.

Thomas used these criteria in his
development for a rear tool post for
parting off, which latter has a geometric
advantage against digging in. | first read
all this information in 1994 and decided to
make myself a Thomas rear tool post with
such changes as required by my own lathe
configuration. It is a Taiwanese model with
6 inch centre height; the Tee slots in the
cross slide run from the back towards the
front rather than the side-to-side
arrangement for which the Thomas tool
post was designed.

My original attempt followed the
Thomas design quite closely see photos 1
and 2. However this did not waork too well.
It would seem that it is not possible to
simultaneously clamp two parting off
blades in the one turret unless all angles
and dimensions are quite exact; mine
probably were not.

Consideration of this problem led me to
another try which had only one parting off
blade with its own clamping piece

2. First turret detail.

3. Second turret detail.

4. Second turret detail -
note clamping separate
from turret proper.
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5. Kit at conclusion of original attempts.

separate from the turret proper - see
photos 3 and 4.

The opposite side of the turret was
arranged to hold a chamfering tool
secured in the conventional way by
screws. This design did not perform much
better and resulted also in a conventional
smashup.

Photo 5 shows the whole kit at this
stage. Turret 2 is in place on the post and
turret 1 is on the bench. Two Tee bars for
the cross slide slots allow the mounting
base to be secured with three socket
capscrews, each with a brass plug to keep
out the swarf.

The whole project was then set aside for
several years, and got under way again
with a third try this year. Thinking about
the Thomas advice, it seemed most
important to be able to accurately shape
the parting off blade by grinding, and to
accurately position it and hold it securely
in place.

Parting Off Tools

Parting off blades are available in two
types of cross section as depicted in
drawing 1 (as seen from the business
end). Version (a) has hollow ground sides

©

-

(@) (b)

Drawing 1 Part off
blade cross sections
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whereas in version (b) the tapered cross
section is straight sided. The top and
bottom of the blade are chamfered at less
than a right angle to the sides for
gripping/location. Version (b) seems to be
much more common these days. The
angle between the long sides does not
seem to have been standardised between
manufacturers. The ones | possess lie
between 3° and 5°.

All lathe tools have clearances to allow
them to cut. For a parting off tool, the front
clearance can readily be ground; it is
usually about 5°. Our very experienced
toolroom foreman recommended a two
stage front clearance - for about the first
mm from the edge 2° to 3°, then 5° to 6°.
| tried this but could detect no difference:
one way or the other.

As a parting off tool cuts into a slot it
needs side clearance on both sides and
this is manufactured into the blade by its
cross sectional shape. The blade should be
positioned vertically with equal clearances
both sides.

Many references suggest that in plan
view the blade should taper in back from
the edge on both sides at about 1deg. each
side. While this may be appropriate for
parting off tools of say 6 mm width and

6. Protractor set for measuring angle between blade sides.

more, for those of 3 mm and less such
practice severely weakens the already
rather fragile tool. Considered as a
cantilever beam in the horizontal plane the
strength of the tool varies as the square of
the thickness, and its stiffness varies as the
cube of the thickness. If the tapering is to
be of any use it must be continued back
along the tool as far as the tool will
penetrate into the workpiece. Thus it
would not seem to be desirable to tamper
with the plan configuration of thin parting
off blades.

As pointed out by Thomas the often
quoted suggestion in many references of
slanting the cutting edge of the parting off
tool slightly from parallel to the lathe axis,
leads to sideways pressure on the tool and
hence deflection which may cause
jamming in the slot — see drawing 2, or an
off square part off cut. Furthermore the
chip width generated by the slant edged
tool is wider than the slot so may not exit
the slot as easily, and a higher tool loading
is implied. The purpose (pipless
component when cut off) is often not
totally achieved and most workers are
quite prepared to do a facing operation on
the cut off part anyway.

For most materials lathe tools are given

7. Blade in holder in third turret.

31



: -“‘“"“"’l‘l\; ¥
8. Measuring
blade orientation
relative to holder
top and bottom.

Drawing 2 Slant edge

ORIGINAL
SHARPENING

RESHARPENING —

Drawing 3 Rake sharpening

9. Machining top and
bottom-of holder.

s
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a top rake angle usually about 5° to 15°. A
number of references suggest grinding the
top of a parting off tool to achieve this as
shown in drawing 3, but as Thomas points
out, even if the initial sharpening leaves
the cutting edge at the full height of the
blade, re sharpening will reduce the height
- but also the width of the cutting edge
from “T" to “t" - hence the width of the
groove cut, and the full width left at the
top of the blade can jam in the cut. The
Thomas design inclining the whole blade
to achieve desired top rake angle avoids
this problem. Smashups when parting off
seem to stem mainly from:

{a) the tool digging in, or

{(b) chips jamming beside the blade,
and Thomas addresses these
problems in the following manner:

I. A rear mounted tool post is
geometrically less likely to cause
digging in if the tool is deflected by a
chip not breaking from the workpiece
- see drawing 4.

Il.  If chips can be formed as ribbons
rather than short pieces they are more
likely to exit the groove in the
workpiece. This is assisted by a flood
of coolant in the case of a rear
moduinting tool post mounting.

Tool Positioning

It is important to feed the parting off tool
into the workpiece exactly at right angles
to the lathe axis, as otherwise it will tend
to at first bend, then jam and possibly
break. It is fairly easy to precisely set the
blade against a truly faced block held in
the chuck or even against the chuck face or
jaw face.

It is wery much more difficult to
precisely set the vertical centre line axis of
the blade vertical so that equal side
clearances are obtained on each side.

The exact cross sectional shape of the
blade must be measured. The top and
bottom chamfer angles can be measured
with a vernler protractor, but it is not easy to
measure the small angle between the
vertical sides with this device as these sides
do not come to a point. It is possible to fix
the auxiliary arm to one main arm of the
protractor so as to leave a small gap

10. Assembled third attempt.
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11. Shaping top face of blade.

©
FRONT
TOOLPOST
A = DEFLECTION REDUCES
DEFLECT ng: CEP’«.IN_COURAGES DEPTH OF CUT
AVOIDS ‘DIG IN'
Drawing 4 Geometric advantage of rear toolpost

between it and the other main arm as
shown in photo 6. In this way the sides of
the blade can be made to contact both arms.

Although the vernier protractor itself
can typically read to 5 minutes of arc,
getting the two arms adjusted
simultaneously is not easy; especially due
to the arrangement for clamping the
auxiliary arm in position, so that the final
measurement can probably not be more
precise than about a half degree.

Another approach is to use a
micrometer to measure the distances
AB,C.D, as shown indrawing5, then
plotting at 10 X scale and measure the
angles resulting. This procedure is
probably able to measure the angle
between the blade sides to about one
quarter degree accuracy.

Thomas uses small socket setscrews to
bear against one side of the blade to cant
it to get the axis vertical - seen in photo 2.
It requires great patience and much trial
and error (set screws, clamp blade,
measure, remove blade, reset screws,
etc,etc) and in my manifestation of his
design, | felt that the blade was very
insecurely held with this arrangement.
There is anyway still the problem with the
holding of the blade so as to be able to
grind its top chamfered surface flat and at
right angles to its vertical axis to produce
its cutting edge.

From these considerations | elected to
hold the blade in a traditional commercial
holder, which has a tapered bolt forcing
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the blade in against the back of the holder
and its lower recessed edge - see drawing
6 and photo 7.

It would seem that the back of the
holder slot is often machined
perpendicular to the top and bottom of the
holder and not so as to make the axis of
the blade perpendicular to the top and
bottom. By measuring the blade side

Drawing 5
Determining
angles

angles relative to the holder top and
bottom it was determined that its axis was
2.25deg. out - see photo 8. So the top and
bottom of the holder were then milled at a
2.25deg. angle to achieve the vertical blade
axis. See photo 9 where a blade holder is
clamped in a vice set on an angle table in
turn mounted on the mill/drill table.

After machining the blade axis was
again checked as in photo 8 and proved
correct. The lathe centre height above the
cross slide surface was measured with a
vernier height gauge and determined to be

13. Setting blade orientation and position before grooving.




14. Completion of grooving.

87.70 mm. The arrangement was drawn
out full scale with the parting off blade at
Tdeg. slope as recommended by Thomas
and with the blade projecting 26 mm from
its holder, with an aim of being able to part
up to 2 inch diameter bar. Drawing 7
shows the general arrangement arrived at.
Because the blade slopes there exists a
means of small height adjustment at its
extremity by moving it in or out of its
holder. The blade holder measures 18 mm
high and 8 mm wide, and the slot to
accommeodate it was made 19 mm high

and 8 mm deep. It is secured in position
with three M6 socket setscrews 6, 8 and 10
mm long. On the opposite side of the
turret a slot 13 mm high and 10 mm deep
is provided for the chamfering tool which
has 10 x 10 mm cross section: the latter is
secured with three M6 socket setscrews 20
mm long.

The third turret manifestation was then
marked out prior to machining the slots in
its sides. The slots were made with the
turret clamped in the milling vice on the
drill/mill: firstly a slot drill was run through

Drawing 6 Blade holder

along the centre a line of the slot (0.5in
inch diameter for the parting off tool slot
and % inch diameter for the chamfering
tool slot). In each case there were two
passes at half slot depth. The slots were
then brought to correct width with an end
mill (¥inch and % inch diameter
respectively) against each slot side in turn.
The finished turret with the tools
assembled in place is shown in photo 10.

Tool Shaping

For the tool shape (“Ultimate”) shown in
reference 1- see drawing 8- having a Vee
groove along its top surface, and a shallow
ridge running down its front surface
Thomas mandates the use of a Tool &
Cutter Grinder. He used his “Union”
machine but writes “it should be quite
easy on a Quorn™. Well maybe. However it
would seem to require a methodical

©
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approach and some care to effect this
shaping with the Quorn. Below follows a
step by-step procedure for achieving the
required result.

When building my Quorn in addition to
a toolholder with a square aperture for
normal lathe tool shanks, | also made a
similar one with a rectangular hole to
accommodate parting off tool holders. For
this current shaping exercise this
arrangement proved most useful.

The shaping was effected in four stages
as follows:

1.  To produce a flat surface on the top of
the blade perpendicular to the vertical
axis. The blade in its tool holder was
clamped in the Quorn holder and
assembled into the workhead,
pointing at right angles to the main
bars. Using a small square the side of
the blade was set perpendicular to the
rotating base upper surface, and then
rotated by half the included angle
between the blade faces (in my case
half 4.5° i.e. 2.25° using the scale on
the division plate. The value was
recorded for reference and then the
blade rotated 90° so that its axis plane
was now horizontal.

The workhead was moved to close
proximity to the side of the grinding
wheel, where the cut was put on with
the front bar micrometer and taken by
rotating the workhead around the
front bar, see photo 11.

2. To obtain a front face on the blade at
78° to the top flat {when the blade is
raked at 7° this leaves a front
clearance of 5° ) the workhead
rotating base was now turned through
102° anticlockwise in plan. The
workhead was again moved close to
the grinding wheel, the cut put on
with the front bar micrometer and
taken by rotating the workhead
around the front bar - see photo 12.

3. To develop the ridge along the front
face of the blade having an 140°
included angle, the same setup was
used as in stage 2 above but with the
workhead tilting bracket set at an angle
of 20° up or down from the original
zero setting. The end of the blade was
blackened with a marking pen and a
centre line marked along the blade
vertical axis. Actually two lines because
of the sloping blade sides and a mean
was contrived from these to define the
blade vertical axis plane.

As before the cut was put on with the
front bar micrometer and taken by
rotating the workhead around the
front bar, until the marked axis line
was reached - then repeated for the
opposite side (after altering the tilting
bracket setting).

4. The most exacting task is to cut the
140° included angle groove on the top
surface of the blade. The largest
available diameter grinding point of
roughly disk shape had its edge
formed with a diamond to yield a
140%included angle ridge around its
periphery.

This point was mounted in a collet in
the wheelhead spindle with its axis at right
angles to the Quorn main bars, The
parting blade had to be held in an
extended position from its holder to allow
the point to produce a groove back to
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15. Close up of blade groove.

26 mm from the end of the blade.

In order to get the blade in the same
vertical plane and below the grinding point
it is necessary to tilt the workhead
backwards, and the toolholder assembly
forward towards the operator. With some
judicious juggling it was possible by eye to
get the blade fairly well positioned, after
which it was checked with a square placed
on a parallel across the Quorn main bars,
and then turned through the necessary
2.25° (as in stage 1) to get the blade axis
vertical - see photo 13.

Using the rocking lever adjustment
screw, the sideways positioning could be
adjusted, but needed further checking of
the verticality of the blade axis. The top
surface was then blackened with a marking
pen and a centre line marked on it with a
jenny caliper. The machine was started
and the point gradually lowered using the
wheelhead adjusting screws until it just
touched the blade. This was examined to
confirm that the contact was on the
marked line. The groove was then ground
in a number of passes with the cut being

©

140°

Drawing 8 Thomas blade shape
(Shapes exaggerated for clarity)
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16. Aligning toolpost for blade
perpendicular to lathe axis.

17. Device with height set and ready for work.

set with the wheel head adjusting screws
and taken by moving the workhead along
the Quorn main bars.

It is of course quite vital that the blade is
exactly parallel to the main bars both
horizontally and vertically if a uniform

18. Trial result, showing improved
surface finish.

36

groove is to be produced and centrally
disposed on the blade: so an examination
of the initial cut can show any slight
deficiencies in these parallelisms, which
can be corrected before proceeding. The
production of the groove is thus quite a
lengthy business, but can be achieved with
care and patience - see photos 14 and 15.

Trial

Having the parting off blade shaped it was
then clamped securely in its holder with
26mm projecting, and the holder clamped
in the rear tool post turret. It was again
checked for verticality of the blade axis.
The rear tool post was clamped in position
on the cross slide with care to ensure that
it was at right angles to the lathe axis, and
at a position so that it would project
forward of the lathe centreline when the
cross slide was fully withdrawn - see
photo 16. The height of the blade was
checked and adjusted to be just slightly
higher than the lathe axis - see photo 17.
A length of 1 inch diameter bright mild
steel was chucked and skimmed with a

right hand knife tool. Pieces of the bar
were then parted off with the new device.
These are shown in photo 18. As will be
seen the surface finish is excellent, and
can be compared with the rather
indifferent surface finish of a conventional
parting off operation shown for
comparison.

Despite this good performance there
was still a lot of chatter at some diameters
and work overhangs, particularly at each
starting point. Possibly this is due to
forcing a narrow pointed tool into the
workpiece, but see also the appendix
discussing chatter. The chips produced
were long and curly, consistent with the
earlier observations by Thomas, although
it is possible that the choice of workpiece
material had a bearing on this.

Conclusion

At the third attempt it would seem that a
device has been produced which will
improve the parting off process in my
home workshop.

Appendix - Chattering

Any mechanical system has a natural
frequency of vibration, and if suitably
excited by some disturbance will vibrate at
that frequency. Common examples are
organ pipes and violin strings.

In our case here the mechanical system
comprises the workpiece, the chuck jaws,
the chuck itself, the lathe spindle, its
bearings, the lathe frame (that is headstock
and bed), the cross slide, the tool post and
the tool. Such a complicated system does
not easily lend itself to analysis, but certain
common principles apply:

. Heavy, solid, long objects tend to have
low vibration frequencies, whereas
light, thin, short objects have high
vibration frequencies.

Il. Excitation can come from a single
event - e.g. a hammer blow, the
breaking off of a chip, etc or a series
of repeated events. In the latter case
the timing of these events must be
such as to match the natural
frequency of the system or its
overtones (harmonics or sub-
harmonics).

If a tool is deflected while cutting a chip
and the chip breaks off, the tool can cease
deflecting, and this process can repeat. If
this deflection and recovery timing meets
the criterion Il above, then it is likely that
chattering will occur. It may be stopped by
increasing or decreasing the system
frequency by changing the rotational
speed, by changing the tool shape to yield
continuous chips instead of small broken
off pieces, by reducing the tool overhang
or workpiece overhang from the chuck
jaws or by adding mass to the tool itself.

As a general rule minimum overhang in
each case is recommended, and usually
the slowest direct lathe speed achieves
best results.

References

1. Model Engineers Workshop Manual
- G.H.Thomas -1984.

2. Quorn Universal Tool & Cutter
Grinder - D.H.Chaddock -1984.
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ROTARY GRINDING

Alan Booth describes a simple approach suitable for small

1. Dead centre
on mag. chuck.
Note use of
parallels and
fence. Guard
removed for

clarity.

n the front cover of M.E.W for
April 2002, | was interested to
see a photo of an old friend, the
Harig Grind-All. | first used this
tool in the US of A in the early 70's and
very useful it was too, working as | was, in
the electronics industry on press tools, |
made many punches using the Harig.. A
few years later, in England, | missed the
old Harig and decided that | would build
my own wversion. Now, the Harig is a fine
tool, but it is a bit of a lump, and when you

punches or spindles.

have moved around from shop to shop
and flown to and fro across the Atlantic as
many times as | have, then portability is a
consideration, so | made mine rather
smaller and lighter, while retaining the
capacity of the Harig. | will get around to
my version of the Harig, in a later article,
but for now | would like to discuss some
simpler means of rotary grinding.

The dead centre

Again, | first came across this method in
the United States in the early 70's, and
the piece of equipment we are going to
talk about | have heard referred to
variously as a -"Whirlygig - Whirlyjig or -
Dead Centre". Let's call it by the latter
name, Dead Centre, from now on, (See
figs. 1 & 2). Being by background, a
toolmaker, | have liberally specified
"Hardened and ground”, on the drawings.
For amateur purposes, unhardened
components would probably give a
reasonable service life, but it should be
noted that in order to grind a parallel
diameter, the Vees must be formed to
accurately support the workpiece, with
the axis horizontal. Another piece of
equipment which will be needed to
complement the Dead Centre is a means
of gripping the workpiece for rotation.
Let's call it the 'V’ centre handle.

(See fig. 3), V handle for short.

Method of operation

If you have access to a surface grinder
then the Dead centre is placed on the mag.
chuck against the fence or rail, with
sufficient parallels in between to ensure
working room. { See Photos 1 & 2) Safety
conscious readers will be reassured to
know that all the photos were posed with
the machine stationary. The wheelguard
was removed to improve visibility of the
workpiece, and it was unnecessary to don
the safety glasses. For actual operation,
these safety measures are, of course,
mandatory.

If you are working with a tool and cutter
grinder, then the means of setup will
depend on the machine design. (I am
assuming some basic knowledge at this
time. For this method to give accurate
results the material that you intend to
grind will ideally have a hardened and
ground outer diameter, as the accuracy of
the ground section is dependant on that of
the location section. Broken cutters, centre
drills, etc. are ideal for making up little
punches, cutters etc. — you can, of course,
buy punch blanks in a variety of sizes.
Whatever the source of material the
precision ground diameter of the blank
forms its own bearing.

The punch blank, is gripped with the 'V
handle and placed in the most suitable vee
of the Dead Centre to give a small gap
between the dead centre body and the

Notes = el ad ©
Material gauge plate or mild
steel deep case hardened. L 46 < T
Grind all over. Vees 90° inc. o . |
angle. » . .
. 28 | 10
|
i |
® | e =
o= '
65
tIF e
' e
e i T a W  w  s l
} " N - i _-f
I'. ' :-5 || ¥
-} o 1 I" _____,_,___.—-—-—""__" Y-
L) o . v
2 DRILL & TAP
- M5 2 PLACES
15 FULL THREADS OI @ Q
= ’-ﬁ;: -‘-_- =SE0
CLAMPING HOLES
DRILL AS REQD o 75 gl
Fig 1 Dead centre - body :
November 2002 37



©
- 65 !
- -1
_L i
10 | © |
. i - DRILL &
- *7 BORE FOR
i - i M5 CAP
| - : 3 i !
12 L= ",
o l
-i
75
Notes
Material gauge plate or mild steel deep case © C|
hardened. Grind all over.
Use 1 off M5 20 Allen cap screw in one end of
clamp plate and 1 off M5 x 25 the ther end with Fig 2
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clamp plate, with the portion that you
intend to grind protruding. You will need
to place a suitable spacer, {a washer would
be fine), on the punch blank, between the
V' holder and the Dead Centre, so that the
handle doesn't rub. The clamp plate is
then adjusted so that it is level, and the
spring adjusting screw tightened correctly,
enough to ensure that the work doesn't tip
in the vee but is still able to rotate freely.
Now, the wheel having been dressed, the
punch blank is positioned under the wheel
at the lowest point of the wheel and the
wheel moved to within about 0.050" —
0.060" of the dead centre. Commence
rotating the V' handle with your left hand,
you need to develop the facility to
maintain a constant rotation speed of
somewhere about 70 or 80 rpm. The knack
also needs to be acquired of rotating the
workpiece in the vee without tipping it.
Now, you have your left hand merrily
spinning away, clockwise of course, the
direction is important, so that you retain

control of feeding the workpiece against
the rotating wheel. Your right hand will be
used to operate the wheelhead, (see photo
3) and the cross slide. Bring the wheel
down to touch on and note the dial
reading. Now, there are two ways of
removing material ;

a. Plunge grinding - in which the wheel
head is fed slowly down, whilst continuing
rotation all the time with your left hand,
take it steady, this method generates a lot
of heat.

b. Traverse grinding. Having touched on,
wind the workpiece clear sideways, and
bring the wheel head down by about
0.001" - 0.0015". Now, this is where the
clever bit comes in, it is a bit like the old
trick of rubbing your tummy while patting
your head! Left hand rotating the work,
feed the cross slide slowly inta the wheel
to your finish position, 0.050in.-0.060in.
from the dead centre and feed slowly out
again, this will give the best finish and,
even if you remove the majority of the

2. End on view showing
workpiece in proximity to wheel.
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stock by plunge grinding, it would be
adviseable to finish off with a little
traversing cut.

Vibration

When grinding diameters below 5 or 6mm,
(you will notice that | switch between
metric and imperial measurements with
cheerful abandon) then vibration can
become a problem. You will feel this
vibration through the 'V’ centre handle and
the grinding finish will deteriorate
dramatically. This, unfortunately, tends to
damage the wheel surface and you will
need to re-dress the wheel.

This vibration can be overcome by
introducing a damping mass, in contact
with the underside of the rotating
workpiece. This damping mass takes the
form of a half-inch cube of metal mounted
on a spring finger and a swivel mount as
shown in fig. 4. feel free to scale the
drawing! - this should damp out the
vibration successfully.

Lubrication

If you intend to remove more than a few
thou then it is helpful to introduce a little
lubrication as follows: -

Take a piece of masking tape, sufficient
to cover the gap between the top plate and
Dead Centre body and to wrap around the
ends plus a couple of inches; place on a
block of wood, sticky side up, and punch a
hole with the punch that you have quickly
knocked up, | use my shim die for this kind
of thing.

Place the punch blank in the dead centre
and lightly tighten the spring tension
screw. Slip the tape over the punch blank
and stick it to the Dead Centre, covering
the gap at the front and sides of the dead
centre, tear off the excess at the ends.
Remove the punch blank, smear a finger
end of grease into the V', replace the
punch blank, tension the spring screw and,
hey presto, you have a grease |ubricated
sealed bearing, works a treat!

End Plunge Grinding

Some years ago, whilst working in a sub-
contract toolroom | had a job making what
were known as pinsert punches, which had
to be reduced from, | think, 0.250in. down
to 0.060in. for a length of about half an
inch and of course it had to be done very
quickly, as well as accurately. The method |
used, after some head scratching, was to
‘end plunge grind’ - details as follows: -
The punch blank is placed in the 'V"
centre holder protruding about _ of an
inch, rotated and blued with a marker pen.
The wheel is then positioned about
0.050in. away from the dead centre, the
working position, and touched on the
rotating workpiece. The workpiece is then
retracted into the deadcentre, and the
wheel head brought down by 0.094in. This
is arrived at by subtracting the finish
punch diameter of 0.060" from the blank
diameter of 0.250in. giving 0.190in. Divide
this by 2, giving 0.095in. Prudently we
need to bring the wheel head down by,
0.001in. less than this, hence 0.094in.
MNow, you are going to need a good
supply of coolant for this operation,
directed full on the punch, otherwise the
workpiece will glow dull red in no time!
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Notes

Material - gauge plate or
mild steel - deep case
hardened.

Grind vee square to face
‘A’ - grind relief where
shown to obviate binding
against the dead centre.
Fabricate handle from M4
x 35 long, allen cap screw
- cut slot in end to aid
assembly.

DRILL & C/BORE
M3 CAPSCREW

Fig 3 'V’ centre handle

-0

-—-—-.___/

DRILL & TAP
M3 2 PLACES
6 FULL THREADS

DFIILL & TAP M4
R i

-

By
l:.tmnz

TUBE TO SPIN FREELY —

ON SCREW

o]

MS x 20 LONG
" CAPSCREW

-

|Ar

(the coolant will act as a lubricant also).
Start the coolant, a face mask is advisable,
feed the cross slide in to the working
position, and, rotating the workpiece, feed
in and grind the blank sufficiently to give
enough length of diameter to measure.
Withdraw the cross slide, measure,

1 actually grinding, :
lguard and safety
es are essential

- whe
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adjust for the final cut and continue
grinding by rotating and feeding the punch
blank through the dead centre and into the
wheel, not as easy as it sounds! This
technique works well because the wheel is
cutting across it's whole face, | used to
grind upwards of a dozen punches without

redressing the wheel by this method.

The particular punch | used to grind by
this method specified a concave blend
radius between the body and the finished
diameter and ideally this should be
dressed on the wheel, but that is a subject

for another day. G

Notes ©
This view is from the wheel head -
behind the wheel
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]._.‘___’ e
| WHEEL
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Fig. 4 Vibration damper
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TAILSTOCK FLOAI

1. The finished . .
Dieholder in action.

ow many of us has at some time
needed to cut a really small
diameter thread which needs to
be square, and free from the
curse of drunken thread syndrome? The
problem with using a tailstock die holder
is, that should there be a slight
misalignment of the tailstock for whatever
reason, then the thread carries a risk of
being stripped. The die holder to be
described does not suffer from this fault. It
is intended to faithfully follow the blank
being threaded, keeping itself concentric
with the centreline of the blank. In use, the
floating head is moved manually so that
the die runs onto the blank, and is
prevented from turning by holding with
the fingers. The degree of side float in any
direction is a maximum of 0.02in. which |
reckon should be more than sufficient to
cater for most contingencies. In use the die
is centred manually against the end of the

Cuttin g the external
read on the Dieholder.
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part to be threaded. The lathe can be run
at a slow speed and the die will feed itself
onto the part. To stop threading, simply
release the hand grip. Note that the spring
compression forces may need to be
adjusted. The pressure is about right when
the die head can be easily moved off
centre, but still strong enough to prevent
loss of parallelism. The die holder recess is
bored to suit the die O/D’s available to the
individual. My small dies measured
0.8125in. dia. | did consider making the
bore larger, and making adaptor sleeves to
suit the smaller dies, but the main reason
for making this tool was to enable the
reliable cutting of small threads, and
anything larger can be left to the
conventional tailstock die holder as most
of us will have one already. Construction
of the tool is quite straightforward, the
thread probably being the most difficult to
machine. One other point comes to mind.

Dyson Watkins offers a
method for cutting more
accurate small threads on well
worn lathes

It is as well to mention the apparently
excessive length of the head end of the
section, which fits into the tailstock. By all
means make this shorter if you wish. My
reason for making it this length was that |
want to run off lengths of studding up to
4in. long. If you don’t need this facility,
then reduce the length of the overhang,
but take care not to allow the reamed hole
to break through the side of the Morse
taper! So, let's get started and make it!

Die Holder
(Fig 1)

Set up a length of 1.375in. dia. Bar in the
three jaw chuck. Square up the end face,
and clean up the O/D. Centre drill the end..
Drill and ream to finish at %in. This
diameter is not fussy, but it gives a clean
and concentric datum from which to clock
up when reversing to machine the other
end. Bore it out lightly if you wish. Turn
the diameter to be screw cut back to just
short of the shoulder. When the diameter
is down to size, finish to length with a
squared off parting tool, and turn the
undercut at the same time. Next set up the
screw cutting tool and set the machine to
cut 26 t.p.i. The tool needs an included
angle of 55 degrees being Whit form. Do
use a screw cutting gauge to set up the
tool. It is imperative that the flanks of the
thread should end up at the correct angles.
Photo 2. If you don't happen to have a
gauge handy, then make one from a
Whitworth form bolt (e.g. _ B. S. F. ) with
the same t.p.i. turn down the head, and
remove half the thickness as shown in the
diagram. Hold the “gauge” in the tailstock
chuck and offer up the tool to check
alignment. Now machine the thread and
chamfer the first thread back to clean off
the burr. Reverse in the four jaw chuck and
clock true. Face the end to a length to suit
your particular die thickness. Bore out the
recess and apply a small lead-in chamfer
to the bore. Remember that if in your case,
the die thickness happens to be greater
than the recess depth given in the
drawing, then increase the overall length
of the die holder by the difference,
otherwise the depth of the spring plunger
holes will have to be reduced, which will
affect the spring loading, and possibly the
brass plunger lengths.

Mark out, centre punch, drill and tap
the grub screw holes, which are M4. |
used a home made dividing head to mark
out, but because it was too big to set up
on the drilling machine table | used a Vee
block to support the die holder, the actual
set up as in Photo 3. | was obliged to
hold the part on the Vee block by hand,
as | did not possess a suitable clamp.
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ING DIE HOLDER

Whichever method you use, just make
sure that the holes are true along the
radius of the part. Three M4 grub screws
will be needed, and the ends should be
dressed to suitable points.

Next mark out the three Tmm dia. holes
for the brass spring plungers. Drill to
depth, (I used a small piece of %in. flat strip
as a depth setting gauge for the drilling
machine) and chamfer all edges lightly.

Retaining Cap
(Fig 2)

Set up the bar in the three jaw chuck Face
and turn the O/D to size. Centre and drill
the through hole, and bore in preparation
for screw cutting. Back face the end of the
bore and turn the undercut. The back face
needs to be finished smooth and square
with the axis. Proceed with screw cutting
the internal thread, (Photo 4) setting up the
screw cutting tool accurately as with the
male thread. | favour wrapping a piece of
plastic insulation tape around the tool
shank, and without switching on the
machine, advancing the tool into the bore
up to the point where it has to be
disengaged. | then mark a line on the tape
in line with the mouth of the bore. This
gives me an indication as to the point
where | have to disengage. Carry out trial
fitting as the final cuts are approached
until a satisfactory fit is achieved. When
assembled the two parts should fit with
their shoulders butting together. Check the
inside gap dimension where the flange of
the sliding tube is accommodated. This
must be a clearance fit, with not more than
0.005in. of clearance.

Morse Taper Shank
(Fig 3)

Face and centre, leaving enough overhang
to machine the Morse taper. My part was
made to fit a Myford, so should you have a
lathe furnished with a smaller size, then
don't forget the danger of the bore
breaking through the wall of the shank.
You might have to make some
maodifications if this is the case.

Take a light skim off the outside
diameter with the overhanging end
supported on the tailstock. Check that the
machined surface is parallel over the full
length. Adjust the tailstock if required and
re-skim until parallel. Set over the top slide
to half the required M.T. included angle. In
the tables, No 2 M.T has an included taper
of 0.5994in. / foot.

Half the included taper will be = 0.5994/24
= 0.02497in. per inch.

Set up a dial indicator in the tool post
and adjust the dial reading to zero when
the top slide has been wound back to a
convenient starting position, where the ...
tool tip just touches the work Now
advance the top slide forward, a distance 5. Turning the N'o.2 Morse taper. Note for finishing cuts, the tailstock support was not

of one inch, when the dial indicator should found necessary.
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move a distance of 0.025in. If not then
adjust until correct. Strictly speaking, for
dti movement of exactly 0.025in. the
topslide movement should be slightly
greater than one inch i.e. 1.0012in.

Check the fit as the turning progresses,
by sliding the tailstock into engagement
after applying a little high-spot blue to the
taper. The quality of the fit will become
evident well before the final diameter is
reached. Make slight adjustments as
required should they be necessary, and
when satisfied with the result, turn to the
final size (see Photo 5). | decided against
machining a tang onto the end of the
shank as it was superfluous in my case,
but it may be added, should it ever be
required.

Remove the part from the chuck, and
after removing the chuck from the
machine, clean out the spindle nose taper
thoroughly and mount the component
directly in the spindle taper. Finish turn the
end. Centre drill, drill and ream the hole to
depth, and lightly chamfer the mouth of
the hole. Drill and tap the M6 hole for the
key, which is simply an M6 brass screw,
with its end modified as shown.

Sliding Tube
(Fig 4)

Grip the bar at one end in the three jaw
chuck. Face and centre. Drill %sin. dia.
through (Photo 6). Check that the centre
drilling has not been totally removed, and
if this is the case, then re-cut so that the
tailstock can be used for support. With the
end so supported, take a light skim and
check for parallelism over the length. Turn
down to the finished diameter aiming for a
good finish. Check for a good sliding fit
with the support. Machine the inner face of
the end flange. Reverse in the chuck (or
use the 4 jaw chuck if it does not run true).
and face the end to leave a flange of
0.125" +/- .002" (Photo 7). Turn the flange
O/D to size and add the chamfers. Remove
from the lathe and check the assembly for
the correct clearance. If too much play is
evident, then this may be adjusted by
carefully removing the desired amount
from the mouth face of the screw cup,
making certain that the cup is running true
in the lathe.

Next machine the keyway, using
whichever method is available to you. |
used a vertical slide lash-up made up of an
angle plate to which a spare ML8 cross
slide was bolted. (Photo No. 8).

Key
(Fig 5)

This item is made of brass. Either make it
from an M6 brass bolt, or make it from
scratch. File, or machine the inner end to
produce a sliding fit in the keyway. Outline
details only are given for making this part.

Spring Plungers
(Fig 6)

These are turned from Phosphor Bronze,
although brass will suffice. | approached
the problem from the situation of first
finding suitable springs, and then making
plungers to suit the springs (Photo 9).
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6. Drilling through the sliding tube.

A
|

0.030] —-— - 0.125
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Fig. 5 Key

material - brass

_._:\;.”__ 5

7. Facing the flange on the sliding tube.
- 0.300
ﬂO?D] COZTQ:’O.Q?!J
- 0.212
Fig. 6 Brass plunger

Three are required. Again, these need to
be a nice sliding fit in their housings.

Assembly and Use

Ideally the faces of the sliding tube should
be case hardened and ground, but being
without the facility for carrying out these
operations, | lapped the end face on a
piece of cast iron, with some fine
carborundum lapping paste. The ends of
the brass plungers were polished up with

£ '8 Milling the k
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some 600 wet or dry paper. All parts were
thoroughly cleaned, oiled and assembled. |
initially tried the tool without assembling
the key, and found no problems without it.
| assembled the key and, satisfied with the
ease of sliding the tube into and out of the
M.T. holder, | cut another thread. This time
| released the die holder once the die had
engaged, and allowed it to feed on its own
up to, and against the end face. | half
expected the M2 screw that | was cutting
to shear off, but to my delight, it simply

stopped cutting and rotated smoothly. |
simply reversed the lathe rotation, and the
die head screwed itself off, leaving a nicely
cut thread. The finished part can be seen
in Photo 10. The operation was repeated,
with the tailstock deliberately moved off
centre by about 0.015in. and another
perfect thread was the result. | felt that the
project was very worthwhile, and another
useful tool joined my collection in the
cupboard.

9. Plunger and
spring

10. A finished
part with M2
thread.



AN ANGLE
MILLING FIXTURE

1. Fixture fitted to vice.

The human limitation

This accessory was first dreamed up some
years ago as a means of avoiding the
frustration of not having three hands. | had
for many years, as | believe most
Engineers do, machined the ends of bars
etc at an angle by holding them in a vice
and using either a square or protractor to
set the angle.

This method requires:

A. One hand to hold the workpiece,

B. A second to hold the square, and

C. A third hand to tighten the vice.

The two handed
solution

To overcome this problem a simple jig was
built see Photo 1 and Fig 1 which was
adjustable from 15 deg. to 90 deg. in 15 deg.
Increments. It can be built either as a free
standing unit or can be bolted in as a
substitute rear jaw of a standard milling viee.

The photographs and drawing relate to
a unit made to suit my own vice which is
an "ABWOOD". However the dimensions
can be simply modified to suit any size or
shape of vice which has removable jaws,
which | would think is 99.9%. Generally
vices are supplied with hardened and
ground jaws held in place with two cap
head or countersunk screws. However, as
soft jaws are used extensively in industry
we should not be unduly worried if we
don’'t go the whole hog with hardened and
ground finish.

Backplate

My “ABWOOD" vice is a 4in. (102mm),
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and has a jaw size of 102mm x 38mm x
12mm as standard, but | decided to use
taller jaws to ease the holding of larger
pieces. | therefore made my backplate
115mm long x 60mm high x 16mm thick,
and made a matching front jaw.

The back plate is drilled clearance size
and counterbored to suit the size and
spacing of the attachment bolts in the vice,
however by drilling the plate such that it
may be used either up its correct way or
upside down it becomes considerably
more versatile (see Photo 2). (Use your
hardened jaw as a drill jig to drill these
holes). Also at this stage drill, ream, and
tap the lower pivot hole. | am a great
believer in using whatever suitable tools

Peter Rawlinson describes a
device to speed angled setups
for milling.

are available, and therefore | have used a
mixture of metric and imperial as
available. The reader may choose to use
what he has and modify the drawings
accordingly.

Arm

The arm should be made from 20mm x
6mm x 60mm long B.M.S. The holes are
marked out, drilled, reamed, and
counterbored. To this end | used a 6mm
counterbore, pilot drilling the arm 6mm,
then counterboring, and finally reaming
the holes %in. dia.

The ends of the arm should be rounded
as shown by which ever method suits your
equipment. Note that for accuracy in use, it
is IMPERATIVE that the hole positions be
accurately aligned with the edge of the arm.

Bolts

Special bolts are required these being
cheese headed shouldered bolts. | chose
M5 for the thread, but 2BA would be just
as suitable. The shank was turned to %in.
to match the reamed holes mentioned
earlier. My 6mm counterbore leaves a hole
of 11.33mm dia. so | used 12mm B.M.S.
bar turned down to suit. The remainder of
the work on the bolts is a straight forward
turning job, but the thread must be
concentric with the shank.

Ideally the arm and the bolts should now
be hardened, especially the arm as it will be
used as a reaming jig in the last operation.
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3. Workpiece in place, to be clamped.

Also two small drill bushes will be
required. These can be B.M.S. and
casehardened, or Silver steel and
hardened. Each is turned as a tightish fit in
the counterbored hole “B” in the arm, and
is drilled ,and bored if necessary to guide
the tapping drill 4.2mm(M5)or 4mm(2BA).
The second is drilled or bored to suit the
undersized hole for the Reamer.

Fit the arm to the back plate such that
when the pivot bolt is fully tightened there
is no slop but the arm mowves smoothly.

Machining the angle
holes

The holes which set the angles can be
tackled in several ways, less precise or
more precise depending on the degree of
accuracy intended, and the equipment
available.

1. Using a universal bevel protractor, set at
15 deg. offer up, clamp arm, fit drill bush,
drill tapping size, fit second drill bush, drill
undersize for reaming, remove drill bush
and ream using arm. Repeat at 30, 45, 60,
75, and 90 degrees.

2. Using a Rotary Table.

A. Clamp to mill table.

B. Centre under mill spindle using
=1 [

C. Clamp back plate to rotary table with
pivot hole aligned with spindle by
use of “D.T..." on mill table and
indicating on a short stub of silver
steel in the pivot hole while rotating
the table.

D. Line up Base of Back Plate with table
axis again using "D.T..” and zero
rotary table.

E. Offset pivot hole by 35mm, or what
ever radius has been chosen. This
must be accurate.

F. Fit arm. Line up. Fit tapping bush,
clamp arm, drill. Change bush, drill,
remove bush, ream.

G. Repeat for all angles adjusting rotary
table accordingly.

3. Using direct indexing.

If you have a DRO on your mill, then
this becomes a doddle. If you don't, all is
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4. A ball nded Allen key screwdriver eases jaw swapping.
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not lost, but you do have to keep track of
the dials, and work one way to take up
backlash.

For the 35mm radius suggested, the X-Y
coordinates for the various positions can
be calculated from basic trigonometry (X=
35 cosA, Y¥=35 sinA), and the figures are in
Table 1.

The machining process is then very
much as described earlier.

Operation

The method of use is, (Photo 3) | believe,
self explanatory. It saves a lot of
frustration and is quick and simple to use,
making life just a little easier for us mere
two handed mortals. | would, however

TABLE 1
Angle (A deg) X(mm)  Y(mm)
0 =5 0
15 33.807 9.059
30 30.311 17.500
45 24.749 24,749
60 17.500 30.311
75 9.059 33.807
90 0 35

recommend the purchase and use of a
ball ended Alan key Screwdriver (Photo 4},
which makes swapping jaws a good deal
easier in confined spaces. As always, | am
happy to help where | can, but phone only
please. Peter Rawlinson, Charing , Kent,

01233 712 158. §|
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CHUCKS -

HOW MANY?

T. E. Dominey outlines his
collection and their
applications

1. The larger commercial chucks and one self built collet chuck.

2. The smaller chucks with heavy drilling fitment to

rear, and sensitive drilling attachment in foreground.

do not class myself as a model equipment of one 8 inch four jaw and one 1. Aheavy drilling fitmentin 4 M. T
engineer but someone who enjoys 6 inch three jaw chuck. Over the years, | which after removal of the top slide is
machining for interest. | make small have added to these, so that the collection fitted to the cross slide.
pieces of equipment for myself and now totals some sixteen chucks as shown 2. Jacobs Super chuck % inch- 1 inch
produce or repair things for other people. in Photo nos. 1 and 2. capacity.
It keeps the mind active and the fingers 3.  Westcott 0- % inch capacity sliding jaw
supple. Before proceeding, | should note : chuck.
my thanks to Mr. G. Willis for providing The CO“ec‘:lon 4. Westcott 0- % inch sliding jaw chuck
the photographs. The first photograph shows the Pratt 8 with large Slocombe centre drill
The early years of my working career inch and Bison 6 inch, Burnerd 5 inch four permanently fitted
were spent in a workshop where the only jaw, Axminster 4 inch four jaw self 5. Keyless 0 - % inch tailstock chuck.
lathe chucks were 4 jaw and somewhat centring, Burnerd 3 inch three jaw and a 5 6. Cardinal 0 -1 inch secondary
larger than we are accustomed to in the inch magnetic chuck fitted with a backplate tailstock chuck.
amateur context. The smallest was about for mounting on the boring table; also a 7. Alfred Herbert Quick chuck with
12 inches in diameter and the largest small collet chuck | made for use in the collets.
several feet bigger. It was rumoured that 3 lathe spindle Morse taper. 8. Sensitive drilling attachment for tail
jaw chucks were only for amateurs! And in the second can be seen, stock.
In my home workshop, | now own a identified by their numbers: 9. No 3 M.T. arbor fitted with No 3 centre

Harrison L5 lathe with the standard

drill.

4+“Popping in” a small three jaw can'be a
boon for small diameters.

4@ Axminster self centring foﬁr'iqigchuc_k.
§ o
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Applications

The Axminster four jaw S.C. chuck is
particularly useful for machining square
stock. It can be seen in Photo 3. It also has
another backplate to suit my wood turning
lathe and a set of Axminster bolt-on jaws.

Having a lathe of fair capacity, it
becomes possible to grip a smaller chuck
in a larger. In this way, you can get down
to smaller diameters as in photo 4 where
the Burnerd 3inch three jaw (which can
also be fitted to my wood turning lathe) is
mounted in the main three jaw, and also
make a quick change to the Bison four jaw
independent. As a “Pop in” this saves time
on small odd shaped items to be turned
(photo 5).

Having the facility to mount a four jaw
chuck on the toolpost opens up various
possibilities for drilling and milling operations
on the lathe. The Burnerd 5inch four jaw can
be seen set up in this way in photo 6.

The Herbert Quick chuck is a super
piece of equipment. It has two parts; the
main body with M. T shank and a sliding
sleeve. A drill is fitted to the parallel collet
and entered in the body. The sleeve is then
slid forward which locks the collet in the
drive position. As soon as a turning force
is exerted on the drill the whole chuck
locks solid and exceedingly true; the
moving and locking parts are all ball
bearings working on a cam action. After
use slide the sleeve back, remove drill and
collet . With several collets fitted with
increasing sizes of drill a very rapid work
rate is possible.

The Westcott sliding jaw chuck has a
grip like a bulldog. This is achieved by
using a screw with left and right hand
threads operated by a square key, which
moves the jaws. | find that keeping a
centre drill on its own arbor saves a lot of
time and fiddling - likewise the large
Slocombe fitted to the small Westecott used
for putting a radius in the end of work.

The Jacobs Super Chuck is a massive
drill chuck being % inch - 1 inch capacity. It
is inscribed wvith the dates:- September 16th
1902, January 26th 1909, June 5th 1915.

Perhaps it is nearly a hundred years
old. It certainly does not look it and is in
very good condition. | use it in either end
of the lathe for holding milling cutters. It
may not be best recommended practice,
but | find it ideal for bottoming out blind
holes etc.

Of all these chucks | bought only the
Bison and the Axminster new. All the
others have been bought for as little as
five, to as much as twenty pounds.
Perhaps my collection is a bit O.T.T., but |
find when machining repetitive work, it
pays to have a row of chucks fitted with a
selection of drills or cutters ready for
instant use and saves much time.

Not a chuck but still
very useful

One piece of somewhat non standard kit is
the heavy drilling fitment, shown in photo
7, being used with 32 mm drill. | use this
when opening the end of a work piece,
and employ the power feed to the saddle -
it saves much time and effort - Note the
hexagon screw fitted in the end (photo 2)

to eject the drill. E
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5. A four jaw piggy back gives a quick change for odd shapes.

6. Toolpost mounted four jaw allows milling/drilling operations.

7.1Saddle mounted heavy drilling device can be used with power feed.
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ENHANCEMENTS TO

Having covered the basic machine construction, and spindle
speed variation, Richard Bartlett turns his attention first to
improving Z axis accuracy, and then to ulira low budget DIY

1. Showing the
added locking sc
and also the DIY
linear encoder.

fter building a rigid machine
frame, and having worked on the
cutter head to give a stiff spindle
ith minimal end-float, the final
step towards accurate sizing of the work
requires the user to make precise moves in
the Z-axis. In my terminology moving the
cutter vertically towards the work is a
positive move. This means that a Z+ move
on a knee mill is a vertically upward mowve
of the knee, whereas on a mill-drill or
sliding head machine such as Compumill a
Z+ move entails moving the cutter
vertically downwards.

The knee mill configuration works well
in keeping the nut consistently located
against the working flank of the Z-
leadscrew. In contrast to this the sliding
cutter head configuration has considerable
mass causing the cutter head to fall away

_— o
]

%a DTI for'Z-axis

S "

48

DRO’s.

from the working flank of the Z-screw.
This characteristic has to be known and
understood before accurate sizing cuts in
the Z-axis are possible. In order of
simplicity some of the options for
achieving this are:

Use of the vertical
adjuster

The vertical slide adjustment is by four M8
screws on the phos.bronze bushes of the
twin columns. Adjusting these to increase
the friction on the columns to a point
where the cutter head will not slide down
under its own weight will work for small
cutters and/or light cuts. The interrupted
cutting loads which are natural to milling
can cause this light frictional locking to be
overcome allowing the cutter to descend
by the full amount of the backlash in the Z-
leadscrew. Since careful adjustment of
these screws is necessary for a ‘good feel’
to the slide when wound by hand, it is not
practicable to adjust them after each cut.
This ‘good feel’ factor is a direct result
of a small stick-slip characteristic. All
machine slides respond to small discrete
inputs in this stick-slip way, the first
1/10,000inch will NEVER produce
movement of a dovetailed slide controlled
by a previously unloaded acme thread. As
further small inputs are made the energy
is stored in the elasticity of the
mechanism, at some point this ‘spring
energy’ will overcome the static friction
and the slide will move by an amount
approaching the sum of the small inputs.
A high level of friction does reduce any
tendency for the head to drop under

POSITRON  ONO#S

cutting, but increases the stick-slip value to
a level which eliminates any chance of
moving in 0.0005inch increments using the
index ring. Conversely, too light a setting
of gib or bush adjusters will result in a
minimum stick-slip characteristic but
inadequate lateral location of the slide.
Adding a separate ‘locking’ screw to the
slide allows the adjustment to be set and
maintained with the additional locking
force added prior to cutting (see photo 1).

Eliminate Backlash and
Endfloat in the Z-axis

This is the first component of the ideal
option, construction details were covered
in previous articles and although the
points were mentioned as mods to do
when “CNCing your mill”, the above
might encourage the builder of a manual
machine to incorporate them on the Z-axis
at least. Eliminating backlash/end float
and counter balancing the cutter head
requires some extra work but is well worth
the effort and together they provide the
ideal solution for the Compumill
configuration.

Use of a counterbalance

for the vertical head

This has the advantage of reacting the
vertical load of the cutter head through a
point much nearer the centre of gravity of
the head, as well as maintaining reliable
contact between the nut and the working
flank of the screw. Certainly the simplest
way to achieve this counterbalance is to
tap the top surface of the head casting M8
to give an attachment for a Bowden
{bicycle brake) cable. Run this uptoa
cable ‘splitter’ attached to the front of the
column top plate and run the outer cable
over the machine well clear of the vertical
feed handle to a second ‘splitter’ mounted
on the rear of the column top plate. The
wire then passes through the base and is
fixed into an M8 tapping in 15Kgs of 3inch
dia. steel bar or whatever sash/clock
weights etc. you have to hand. Set the
cable length to allow the counter balance
weight to sit on a 1cm thick piece of scrap
chipboard when the cutter head is at its
highest. This allows easy fixing/adjusting
of the weight.

The prospect of drilling another hole
through my 50mm pressed granite slab
base for the above ‘dangler” option did not
appeal, so a pneumatic cylinder is used as
a constant rate spring in a similar way to
the gas struts used on the rear hatch of an
estate car. Note, if the pneumatic cylinder
is not backed up by a relatively large
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COMPUMILL - Part 3

RODENT RULER

volume pressure tank then the
counterbalance effort will not be consistent
throughout the vertical travel of the head.
The reservoir will need to be at least
twenty times the volume of the air
cylinder. The spare wheel for our camping
trailer provides this, otherwise the small
receiver from a commercial vehicle air-
brake system is available at low cost from
a breakers, a CO2 ‘pub-gas’ cylinder would
also do the job. The attachment of the
wire on the vertical head is similar to the
‘dangler’ option with the added design
luxury of being able to run the cable in any
direction to the conveniently mounted
cylinder. My cylinder runs down parallel
to the backstay and shares the stay’s
mounting in the base.

The vertical head weighs approximately
12Kgs which suggested a counter weight
of approx 15Kgs, this balancing force is
easily adjustable using a footpump. A
relatively inexpensive range of air
cylinders from RS are double acting with
25mm diameter pistons and have a range
of accessories to allow the fixing of either
end to any anchorage. They are available
in a range of lengths, mine is 250mm max
stroke from which | require 220mm actual
movement. Pressures are still pounds per
square inch for me so for an effective
piston area of 1 x Pi/4 sq.ins to exert an
effort of approx 33lbs. in ‘push’ mode
needs (33/0.785) or 42Ibs/sq.inch. From a
safety point of view this is well within the
capacity of standard airline fittings. Do
remember that if you choose to apply the
cylinder in “pull” mode the piston area
has to be reduced by the piston rod area
to give the effective area. This will need a
slightly higher air pressure to give the
same effort, but the pressures will still be
fairly modest.

The valve core is removed from the
spare wheel and a connection made at the
valve by either tapping a brass tube fitting
or using a spare “push&lock” fitting
bought as a spare for a footpump. A 3-way
fitting is used at the cylinder to give
connection to the reservoir and an inflation
point which can be a Schrader valve to
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A monitor screen shot of the
ent Ruler.(single axis showm)

mm

allow pressurising using a footpump. The
air line between reservoir and cylinder can
be any length to allow neat storage of the
spare wheel. Rubber solution provides a
long term seal if using a “push&lock” type
of quick connector.

Fit a linear positional
indicator to the Z-axis.

This is very much the “soft option” as the
machine can be used straight from the box
and the sizing cuts put on while viewing
the actual vertical movements, including
any biasing needed to allow for the vertical
component of the locking force.

a. Using a D.T.I.

The indicator can be as simple as a Dial
Test Indicator (see Photo 2) firmly clamped
to the cutter head casting and referenced
to the table, fixture or work. It is used in
incremental mode, which means the
datum is re-established for each cut, the
dti being removed whilst cutting. Since
sizing cuts are likely to be less than Tmm
the accuracy of a “straight spindle” clock
will suffice. A “lever” type dti can be used
with feeler gauges built up and checked
by micrometer or vernier to equal the cut
required. This is fundamentally accurate as
the dti only has to repeat at its zero
reading. As a dial test indicator is so useful
for setting fixtures or setting the work true
to the machine slides that it is almost
essential equipment for milling, so this
method of positional indication can almost
be regarded as a zero cost option.

b) Linear Scales

As with most items produced in volume
for world markets the cost of Inductive or
Capacitive based linear scales with digital
LCD readout has fallen to a level which
makes them attractive for amateur use
Indeed, the latest crop of Chinese
capacitive scales are aimed at this market.
The scales are accurate and have a typical

resolution of 0.07mm (0.0005inch). (See
Photo 3) At a cost of approximately 50
pounds per 12inch axis they are very good
value. Siting them on the machine needs
some planning, as the display is an
integral part of the measuring head. To
keep them swarf free and still readable can
involve quite a lot of work/imagination.
Suppliers of these scales also offer remote
display units with larger digits which help
solve the mounting/viewing problem, this
sets the cost at approx. 100 pounds per
axis. In my experience the remote display
is very susceptible to interference
generated by switching the main spindle
motor ON/OFF or driving the dc feed
motors when powered from the mains
adaptor, this is much better when powered
from the internal 3.6v battery. All motors
should be suppressed for use with these
remote displays.

c) DIY linear or angular

position indicator
Being a DIY modification of something

saw anaslé
topslide. A
spring tooth
rest might be
added to aid
repeat
positioning.
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intended for another function puts this
indicator very much in tune with the rest
of the Compumill project. The ‘borrowed’
part of this unit is the complete circuit of a
serial mouse used as a pointing device
with a PC computer. These are currently
being offered brand new by Farnell (No.
889-1968) and CPC (No. SB0186304) for
NINETY NINE pence each. The supplied
lead plugs straight into the 9-pin serial
COM port of a PC.

Running the ‘Rodent Rules’ program on
any PC allows up to three position
measuring devices to display linear or
angular positions in LARGE clear format
on the screen. This program has been
written by Allan Good, a Compucutter who
uses CNC woodworking machines at
hobby level, and is available as a free
download in 3axis form from the
Compucut Users Forum. The simplest way
to access the forum is to log on to the
Compucut Website at
www.compucutters.com and then click the
link at top left called Compucutters users
forum. The program is in the Software

section under “Rodent” and includes a
DOS mouse driver. Anyone wishing to play
with the ‘Rodent Rules’ but having no
internet access for the download can send
five pounds to COMPUCUT for the Rodent
programs on CD. The address is elsewhere
in this magazine. Further information will
be given on the use of the software and
hardware requirements in the follow up
article.

Photo 4 shows the display which allows
the screen to be mounted well away from
the suds/swarf environment of the
machine.

Photo 1 also shows a linear encoder
with a simple frictional linear to angular
translator which uses a Tufnol rod and
silver steel axle attached to the Z-axis of
Compumill. This device has a resolution of
0.007inch and in incremental mode has an
accuracy of +- 0.001inch in the range
needed for this Z-axis application.

Adding a push button to the lid of the
die-cast housing to actuate the right hand
mouse switch on the PCB allows the
display to be zeroed prior to putting on the

cut when running the Rodent Rules
program. This stops any errors
accumulating.

That’s it, using your selection from the
methods suggested above will allow
accurate work to be produced on your
Compumill.

The rest of this article and one which
will follow in a future issue are devoted to
building and testing different forms of DIY
digital readouts using the serial mouse
PCB. These are cheap enough to allow
their dedicated use on any linear or rotary
machine slides including digitising heads
for the logging of CNIC machining data.

Suppliers

HPC Gears 01246268080 for gears,
racks and pinions.

RS Components http://rswww.com for
bushes, bearings, die cast boxes
Farnell Electronics 08701 22 77 22 for
AdTech Serial Mice

CPC Electronics 08701 20 25 30 for
AdTech Serial Mice

t is most important to look at the

construction of a PC mouse pointer if

you have not already succumbed to

curiosity and done so. Remove the
mouse ball as though for cleaning and it
will be seen that when the mouse is
moved the silicon rubber covered ball rolls
along the mouse mat surface with little or
no slip. The ball is spring loaded against
two axles which are set at 90 degrees to
each other. This sprung loaded ball
mechanism translates the linear
movements in X and Y into proportional
rotation of the two axles.

Removing the screw which holds the
two mouldings of the outer shell together
and carefully separating reveals that each
axle carries a radially slotted disk. The
slots are arranged to pass between an
optical source (LED) and a pair of detectors
(Photo transistors).

The mice from the suppliers mentioned
are badged A4TECH ‘fast mouse’ and have
a relatively high resolution at 520 lines per
inch. They have 45 slots in the periphery
of each encoding wheel. Other resolutions
can be used by scaling the following
examples to suit your serial mouse.

Before removing the plugged lead from
the mouse PCB, note which way round it is
connected. The four way connector is not
keyed. On mine the green wire is adjacent
to the opto switches.

The mouse PCB

The good news is that there are NO
electrical modifications required to this
circuitry, we use it straight out of the box !
Looking at the components either side the
slotted wheel, on one side a Light Emitting
Diode emits a beam which is collimated by
a tiny lens moulded in the end of the led,
this beam will, if not cut off by one of the
teeth of the slotted disk, fall upon the face
of the detector which has dual sensors (A
& B) that are spaced within the moulding
by one quarter of the circular pitch of the
slotted wheel. This spacing gives a
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sequence of logic signals at A and B that
are called quadrature outputs.

The optical switches

If we assume a tooth on the slotted wheel
is cutting off the beam from the detectors
resulting in both outputs A and B being
OFF, then by turning the slotted wheel first
clockwise by TWO slots then anti-clockwise
by two slots the following pattern would
be detected by the electronic counting
circuit. (Take O for OFF and 1 for ON)

START clockwise anticlockwise
A 0 11001100 01100110
B 0 01100110 11001100

From the position where one tooth is
completely blocking the beam, shown by
A=0 B=0 to the position where the next
tooth completely blocks the beam there are
FOUR unique equally spaced outputs 00,
01, 11, 10, and the sequence will depend
on the direction of movement of the
slotted wheel. The mouse circuitry counts
each change of state in A and B.

This sets the ANGULAR resolution of
the mouse as:
1
1 COUNT =

No, SLOTS in wheel * 4
and the LINEAR resolution as:
Effective circumference

of measuring axle
1 COUNT =

No. SLOTS in wheel * 4

Note, the above is independent of
diameter of the ball. The ball simply
translated linear movement into movement
around the circumference of the measuring
axle. From this it follows that:

1) The basic components of: PC plus
Program plus Mouse PCB plus Slotted

wheel make up an ANGULAR measuring
device, and

2) By adding a linear to angular translator
the system can be used for LINEAR
measurement. The translator divides the
CIRCUMFERENCE of the measuring axle
into: (Number of slots * 4) counts.

Example as an angular
encoder

The mouse axle/slotted wheel is set in the
end of the worm of a dividing head which
is fitted with a 90T wheel.

Using the ‘as bought’ slotted disk (45
slots) the resolution will be:

1/(45 * 4 * 90) of a turn of the work spindle
= 1/45 degree or 1.333" minutes or
1/16200th of a work spindle turn.

This is accurate but not wildly convenient.
If we used a dividing wheel of 40 teeth we
would get: 1/(45 * 4 * 40) =1/7200 or 0.05
degrees of work rotation.

With a 90T dividing wheel, let's aim for a
resolution of 1 minute of arc. This equates
to 90/(360*60) of a spindle turn. So, 90 * {
SLOTS * 4) = 360 * 60

SLOTS needed = 60

| prefer to work in decimal fractions of a
degree, so for a resolution of 0.01 degrees
and 90T the slots required are:

(360 * 100) /(90 * 4)

slots needed = 100

It would require a very good mechanism
to support such high resolution and a
more practical choice would be 0.02
degrees resolution provided by 50 slots.

Making slotted disks

Checking the recommended mice will show
that their standard slotted disk has a circular
pitch closely equivalent to a 0.4MOD gear.
This circular pitch must be maintained to
preserve the quadrature relationship of the
outputs. Buying a standard gear with teeth
equal to the number of slots required is a
good start towards making an encoder if
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one has no dividing equipment. Due to the
difficulty in placing the PCD of a standard
gear exactly on the invisible beam of the
optical path to preserve the quadrature
relationship, the tooth space should be
deepened with a radial slot of width
nominally equal to the circular pitch/2 to
give a total depth of 1.5 times the original
depth (1.5mm or 0.06inch).

Making the new slotted encoder disk
could be as simple as sawing dowvn the
tooth space of a 0.4Module gear with a
piercing saw of CP/2 blade width. A junior
hacksaw blade can be stoned down to
width which will remowve the secondary
(wavey edge) clearance to give a fine
finish. Remember to fit the blade to cut on
the downward ‘pull” stroke. Half the circular
pitch of 0.4 module is 0.63mm however the
actual slot width of the standard wheels is
0.5mm (20thou) which | assume is cut to
obtain quadrature phase outputs allowing
for hysterisis in the opto switches, so use a
saw blade of 0.5mm width unless you
intend to check the phase outputs against
known rotation of your specific circuit.

Producing a 90 slot encoder by hand
sawing needs good light, a depth stop and
some patience. The depth stop is easily
made by tapping a piece of 1/2inch steel
plate M5 (the bore of my gear was 5mm)
at a distance from the edge to allow the
saw to touch the edge of the thick plate at
full depth.

Example for 90 slots: The gear has an
OD of 36.8mm giving a radius 18.4, the
tapping is centred 18.4 - 1.5 = 16.9mm
from the edge.

Using a mechanical

saw

See photo 5 | found this method of
producing slotted encoder wheels to be
fairly bearable. The Taig top slide is spotted
on to the table of the scroll saw with a blob
of Super glue with the pivot point for the
gear in line with the blade when viewed
down the slide, and the angular alignment
of each tooth space was done by eye with
a little help from a fairly strong glass. A
similar setup could be done quickly using a
slitting saw in the lathe with the gear pivot
mounted in the toolpost and the work fed
in on the cross slide.

Obviously the accuracy of this hand
slotting process will depend on the care
taken, but remember that: ONE COUNT is
generated by a rotation equivalent to a
quarter of a circular pitch of the encoder
(0.31mm) so a rotation through ONE
complete tooth space is equivalent to TWO
COUNTS. Any error in sawing down the
centre of the tooth space is unlikely to
exceed 10% of the space when bearing in
mind that the gear locates the saw
precisely at the start of each cut. 10% off
centre would give rise to a cyclic error of (2
* RESOLUTION/0.1) With a resolution of
0.001inch this equates to 0.0002inch, which
should provide some encouragement for
this quick and easy approach.

Once the slots are formed the disk will
need to be thinned to 0.04inch. If using
Polyacety| for the disk it is important to cut

this width using a sharp HSS tool with
plenty of top rake. This avoids making
burrs which take forever to remove.

A light spray with matt black paint and
the slotted disk is complete.

If the gears are being made from
scratch then black Delrin is a good choice.

The opto assembly of slotted wheel and
PCB is mounted to the machine and needs
to be covered to stop extraneous light
from fooling the detectors. Small diecast
boxes make good housings and as the
photo 1, shows, are easy to mount.

A prime application for a ‘Rodent Rule’
is to fix a slotted wheel into the end of the
shaft carrying a worm which meshes in
the Bull wheel of the lathe. This allows a
very accurate and cheap method of
dividing around work held "as true as it
was turned’ when making gears, cams or
dividing plates etc. Using the Myford bull
wheel of 60T as an example and aiming
for a resolution of 0.02 degrees of the lathe
spindle, the slots required in the encoder
would be:

(slots * 4) = (360/ 0.02) / (60)

slots =75

Returning to the application in hand,
which is to display the sizing cut on the Z-
axis of Compumill. This is a linear
application and will require some form of
‘LINEAR TO ANGULAR TRANSLATION' as
performed by the ball in the original
mouse pointer.

In the next article we will address
various solutions to this “Translation”
question, and the use of Rodent Rules.

A brief note on steel specifications

or readers involved professionally
in engineering, the following notes
may be “Old Hat”, however from
the telephone queries received to
the editorial office, it seems that an outline
explanation may be in order. Back in the
1950's, The British Standards Institution
published B.S.970 : 1955 which presented a
standardised range of steels — the En
series. This was then rewritten in 1983
as the British six character system which
in theory has already been replaced,
although just about everyone in the UK still
uses one or other of the B.S.970 systems.

The 1983 System

This system uses six characters, grouped
as three numbers, one letter, and two
numbers.

The first three numbers denote the
general type of steel :
000 - 199 Carbon and Carbon Manganese
steels where the figures
indicate the manganese
content.
Free cutting steels where the
second and third figures
indicate sulphur content.

200 - 400

250 Silicon — manganese spring
steels.

300 - 499 Stainless and heat resisting
steels

500 - 999 Alloy steels
The fourth character is a letter which for
stainless steels will be “S", and for others

November 2002

will be either “M, A, or H”. For non
stainless steels this relates to the condition
of supply.

M indicates specified mechanical
properties, e.g. tensile strength, yield
strength, % elongation, etc.

A that the metal has been supplied to a
closely controlled chemical composition.

H that the steel conforms to
hardenability requirements.

The fifth and sixth characters are
numbers and for non stainless steels, show
the mean carbon content.

Thus as an example, 070M20 is a non
alloy steel having a manganese content
around 0.7%, a carbon content around
0.2%, and having specific mechanical
properties rather than chemical
composition.

Suffix letters may be added in certain
cases either to indicate chemical additions
(e.g. lead Pb} or that the material has been
heat treated to a particular condition
(typically T)

Steels for the Amateur
Workshop

While there is a great multiplicity of steel
specifications, a relatively small number
will satisfy the majority of needs. For
machining work, the following are readily
available in bright bar form, some also in
hex, square, and flat.

For low stressed parts it is sensible to

make the machining process as easy as
possible and use a free machining steel.
One very popular and readily commercially
available is EN 1A or 230MO07 also
available with a slight addition of lead or
lead and tellurium in which case the suffix
Pb or PbTe is added to the specification.
The freecutting steels are not generally
recommended for welding.

Moving up the strength range a little,
En 8 (080M40) or its free machining
variant En 8 DM (212A42) have a higher
strength than En 1A, and may be further
heat treated.

For even higher stressed components,
En 19 (708 M40) is a chrome-moly steel,
and En 24 (817M40) is a nickel-chrome-
moly steel. Both of these are available
hardened and tempered to the “T"
condition, having a tensile strength of 55-
65 tons/sq.in. eg En 24T (817M40T) For
those wishing to delve further into the
many varieties of steels, Macreadys,
(phone 01788542 191) are one of the
largest UK steel stockholders/distributors,
and publish the “Orange Book” price
£15-00 which has gained a reputation as a
steel users bible, extending to over three
hundred pages, covering carbon, alloy,
stainless, tool, silver and spring steels as
well as bronze bars and cast iron. In
addition, their wall charts, produced in
conjunction with Castrol and Kennametal
Hertel give excellent summary information
on properties, machinability, and choice of
tooltips and coolants.
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Hardness Tester

Mr W. T. Glenn from Dundee writes:

The “novel hardness tester” mentioned in the Secribe a Line section in MEW issue No
84 by Prof. R. F. Cane, had me make a bee line to the box my seventy-six year old
mind told me | should find it. My tester, like his, has a range of Rockwell “C” scale 46
- 62 in 2 unit intervals. | write this letter for a number of reasons. First to mention that
moulded into the gauge housing on the same side as the scale numbers is “Pats.
Pending Prov. No 26443". Such information may help one of our current small firms
looking for a new product. The accompanying photo 1 shows the “spoked device”
and the two parts of the Bakelite case.

Second, to thank Philip Amos and his like for helping to give us a wonderful
magazine.

Finally, other readers may be interested in a small modification to my Myford 7. As
a firm believer in regular oiling, | found that surplus oil found its way from the rear
headstock bearing on to the pulley and thence to the belt, eventually causing
degradation and slip. A new belt was fitted, and a “flinger ring” made in two halves
and attached to the pulley. Photo 2 shows the general arrangement. Now, even if | get

a little over enthusiastic with the oil gun, the belt drive stays dry.

What was it? — The
Answers

Mr A. Rowland from

Formby writes:

Under Scribe a Line (issue 84) Mr K. P.
Kleiser is puzzled as to the purpose of the
small gauge illustrated.
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The instrument is similar to devices
used in military target rifle shooting some
years ago. These were used to adjust the
simple military rifle sights in steps of one
minute of angle, so giving the rise or fall
of the bullet on the target as one inch per
100 yards of range. Several designs were
used, but typically the instrument was
hooked under the sliding part of the sight
and moved up or down with the adjusting
screw. The presence of the vernier

LINE

graduations would give an accurate
reading irrespective of screw backlash.

Various models by manufacturers such
as O'Hare, and Lyman Gun Sight Corp.
are illustrated and described in the book
“Military and Sporting Rifle Shooting” by
Edward Crossman, and published in the
U.S.A.in 1932

Modern rifle sights have the micrometer
principle built into the sight, with clicks
indicating elevation changes of one
quarter minute of arc.

Mr C. A. Currie from Bath

writes:

The item in SAL iss 84 is nothing to do
with clock and watchmaking. It is in fact a
vernier adjustment for ladder type rear
sights on rifles used for target shooting.
This type of rear sight was universal on
most military and many civilian rifles both
before and after 1900.

The rifle sight was coarsely graduated
in steps of 50yds from 50 to 1000, and the
vernier gauge was used to fine tune the
sight to a particular rifles characteristics.
By recording the vernier readings for
actual ranges, the sights could be adjusted
and repeated for any setting.

In use the screw controlled the elevation,
and the slotted link controlled windage.
These adjustors were made with slight
variations by most of the large gunmakers.

| hope Mr Kleiser looks after his adjustor
as it is a nice reminder of a golden age
before the sport became the victim of
philosophically bankrupt politically correct
politicians.

Mr Arthur Chankin of Hartsdale, N.Y.
wrote with details of a similar tool made
by O'Hare, and asking “What is it". The
above would seem to provide the answer.
Mr Peter Jackson of Knaresborough also
wrote offering the “rifle sight vernier”
identification.

Milling Advice
Mr. M. A. Delaney from

Oakville, Ontario, writes:
Having had similar experiences to those of
Mr. Hall “Milling machine projects for
beginners (1)”, Model Engineers Workshop
No.84. August September 2002. | find myself
not so much at odds with the author as
wishing to amplify some of his information.
Much of this additional material is based on
bitter experience, some of it costly, but
fortunately not irreparable.

First; one must never try to mill using a
drill chuck no matter how much it is
tightened The reason is not only will the
mill be pulled out of the chuck, but the
chuck will come loose from the mandrel.
The “Jacobs” series tapers used for drill
chucks are short and relatively steep. The
rotating vibratory load applied by a milling
cutter will soon work it loose.

Second: All milling cutter holders, set
screw, collet or “Clarkson”, that are
attached to the spindle with "Morse”
tapers, must be retained by suitable draw
bars. Even these slow tapers will work free

Model Engineers’ Workshop



over time. Murphy says they will hang on
until during the last finishing cut.

Third: Never climb mill! Mr. Hall
explains the reason; it is backlash. You can
adjust as much as you like. but with a
worn lead screw, you will still not be able
to avoid a crash when hand feeding. My
technique to get the improved finish that
the production people get on their C.N.C.
machines is to wind the work back slowly
with the cutter running but no change in
the cutter position. On my small home
machines there is always just that tiny bit
of spring that takes the lightest possible
amount off on the way back.

Fourth: Have the quill and the non
feeding slide locked during every cut.
Vibration will move any unlocked feature
at some time. Ball handles are seldom
truly balanced.

Regarding cutters and holders, | accept
that | can only speak for my part of North
America, but | have measured the %in.
shanks of all my cutters; some 20plus,
that come from all parts of the world. and
carry cutting diameters from ¥in. to %in. in
two and four flute types. The beautifully
ground shanks are all the same size as
near as | can tell with my tenths
micrometer. Also, how much run out is
acceptable? All it does is make a very
small difference to the feed rate from tooth
to tooth. | mostly use set screw type plain
holders, being careful to engage the set
screw in the flat on the shank and checking
it after the first cut. My ¥in. holder was
purchased finished for very little money(
the equivalent of about £5-00) courtesy of
the fine factories in India. The %in. dia. |
made from a Morse taper blank with a one
inch dia. by one inch long end, by
mounting it in the lathe spindle and
drilling and reaming the hole. Both have
the small end of the taper tapped %in.
U.N.C. for the draw bar. For the smaller
shanks on the mills below ¥in. dia, | have
made a series of bushes all %in.0.D. and
reamed inside %in. #sin. %in. and %in. Each
is fitted with a set screw. | also have a
series of collets, bought when on sale,
sized from %in. to %in. by %6in. steps, that
fit into a No. 3 Morse taper. They are
operated by a draw bar and are fine for
milling cutters and drills.

| hope Mr. Hall will mention
coolant/lubricant in a future article. | have
particular problems in this field, as my
workspace is indoors, so that smell and
smoke is not acceptable.

And continuing on

coolant

Dyson Watkins from

Swansea writes:

Mr. Sylvester mentioned in M.E.W. issue
81a blue cutting coolant. It could possibly
be a type that | used about eight years ago
in trials that | conducted in continuous
production of gearbox parts. The coolant
was greatly superior to the common
sulphurised water soluble coolant we
called "suds”. Sulphurised cutting oil has
an unpleasant smell, and over a period of
time attacks components such as rubber
seals, and paint used on many machine
tools except stoved finishes. The blue
cutting coolant called “Metosol 506" had
a pleasant smell, gave an increased tool
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life and therefore an improved
productivity. The downside was a higher
initial cost. It was diluted with water to a
strength of approximately 5%, always
adding Metosol to water - Never water to
Metosol, otherwise an emulsion would not
form. More details can be found on the
internet by looking up the name “Metosol”
or Www . petrokimiagresig.com or
Metolube. It does not attack machine
paints to the same degree as “suds”. Like
suds however it will break down if
lubricating oil is allowed to leak into it.
This forms an air seal over the emulsion,
and bacterial breakdown will occur due to
the anaerobic conditions which are then
formed. Other than that it is good stuff.
Hope this info will be of help.

Retirement complexes

and workshops

Mr. W.A. Brading, of
Auckland, New Zealand,

writes:

| read with interest your editorial comment
on the demand for workshop facilities
within retiremnent complexes and offer my
experiences on retiring to such a location
in New Zealand.

| am a retired professional electrical
engineer and have enjoyed model
engineering, in particular 5-inch gauge
steam locomotive and rolling stock
construction for very many years even
before retirement. When the time
eventually, and long put off, came to retire,
my wife and | were faced with the dilemma
that you describe in your editorial column
of August 2002. | certainly did not want to
give up my main hobby nor dispose of the
tools acquired over half a lifetime.

Happily, in New Zealand, the demand for
the pursuance of hobbies of all types is
very strong among potential retirees and
the need has been met over the last decade
in many retirement complexes by generous
provision of working space among the
central facilities of such schemes. Here |
must add that | prefer the word “complex”
to “home” in such context. A brief
description of the facilities offered in our
“village” is offered below and this is by no
means unusual in this country .

Our village comprises 100 houses of |, 2,
or 3 bedrooms, many with single or double
garages and a separate central block with
administrative office with lounges and
restaurant. We have a library , gymnasium
and heated indoor swimming pool with
shooker and games rooms. But, best of all,
there are three “craft rooms”, each of
about 150 square metres in extent. One is
for art (there is a non-resident teacher),
another is for pottery, weaving and the like,
and the third is for wood and metal work.
In there we have two enthusiasts, namely
myself and another equally keen with his
woodworking lathe and tools. | have my
Myford Super Seven and other machines
installed with perfect confidence that that
they are for my exclusive use and the room
is secured after hours by the Management.
| shall shortly be augmenting this with a
Myford VMB milling machine. Since
moving into this superb environment five
years ago my hobby activity has
blossomed. In there | have completed the

John Wilding % second clock and several
other smaller projects in metal and wood
including a case for the clock, which has
now been running for over two years.
Interest in the “goings-on” in this hive of
activity is such that among both the other
residents and the Management the
enterprise is known as the “Engineering
Department” so that we do receive
requests for the odd repair job. We let it be
known that miracles can take a bit longer.

| should add that all this may sound
expensive but having just returned from a
visit to the UK where we were both born |
can assure you that this sort of thing is
available for just about the UK average
house price. OQur monthly levy, which
includes local rates and taxes and water as
well as lawn maintenance and use of all
the central facilities amounts to about £100
per month.

Incidentally | am aged 81.

Mr. L.I. Varty of Pickering,
North Yorkshire writes:

| was surprised to read your item on
Retirements Homes and Workshops in the
Editorial of the August/September edition,
as my own thoughts have mirrored yours
for the last 18 months. My own mental
ramblings hawve possibly gone a little further.

My own ideas envisage a large
residence with a reasonable amount of
mature land, preferably rural, but near to a
larger conurbation. Such a home would
need to be managed by one of the
recognised care organisations, but it would
be the additional facilities of workshops
that would be of interest to the craftsman.
| say craftsman, for it may be reasonable
to included wood workers in the scheme
of things! Also should there be craft rooms
for any resident wives? No doubt a large
house of the right character would have
stables blocks or similar suitable for
conversion. The possibility of small
bungalows in the grounds for married
couples would be attractive.

Machinery is unlikely to be a problem as
prospective residents would no doubt
donate their own equipment. So too with
models, but this implies somewhere to
operate them. Should there be a dual
T%/5inch track? Would one cater for
smaller gauges? Would there be a model
railway room? Out in the grounds there
may need to be some form of road system
for model steam road vehicles and
possibly a model boat pond!

The question of funding of this side of the
accommodation would need attention as it
would be unfair to place all of the cost on
the operation of the Home itself, but with
suitable attention to layout of the grounds,
public access may be viable for (say)
Sunday public running. If the facilities could
be made available to a local club, this would
provide a core of younger people to assist in
this way. They may even appreciate the
experience of some of the older residents!
Additional support funding may be possible
through raffles at the major exhibitions.

Finally, where do we place this Home?
May | suggest that the aim would be
ultimately to have possibly five regional
Homes to give reasonable accessibility to
people and their relatives.

| am sure that other people will have
different thoughts, but don"t hang about -
time is ticking by!



TO HELP YOU GET THE BEST FROM
THE MODEL ENGINEER EXHIBITION

These notes are written purely for guidance. Full information is confained in the Competitors” Information booklet which is sent to every enfrant as part of the information package. f you have
an flem and are unsure as o the Class info which it should be entered, leave that section blank and we will take care of it. The Judges have the right to move any competition exhibit into
another dass if they feel that by deing so its chances of gaining higher marks or a more appropriate award are improved.

please indicate this by writing Loan on the
form in the box identifying the Class. Loan
models are not judged but carry all other
privileges: associated with competition entries.
Part built models are particularly welcome
in the Loain Section; visitors like to see work in
progress, and entry does not preclude the item
being entered in competition when completed.
The classes listed below are those
associated with mainstream model
engineering.

Club exhibits

‘Where a club is exhibiting, each mode| should
be entered on a separate entry form and
clearly identified as a club exhibit by entering
Loan/Club in the class section box. This
ensures that we have a full record of all
models on display during the show and
facilitates matters of administration and
insurance.

I fthe item is offered as a Loan exhibit

Additional forms

If you do not wish to deface your copy of the
magazine we are happy to receive
photocopies of the entry form, one for each
model. We will be pleased to send out extra
forms if required, so if you know of a modeller
who is not a reader of one of our magazines
but who you think may wish to participate,
please advise them to contact our Exhibitions
Office (01322-660070), or simply photocopy the
entry form for them.

The success of the show depends largely
on the number of models on display. Your work
could well be the stimulus which inspires
someone else to startin the hobby. There can
be no doubt that this event is our showcase on
the world of modelling in all its aspects. Every
modelling discipline needs more and more
participants, and it is by displaying not only the
créme-de-la-créme, but also examples of
work of a more achievable standard, that
people are encouraged to join into the
wonderful world of modelling, in whatever
aspect.

We look forward to seeing a sample of
your work at the shiow!

COMPETITION CLASSES

Engineering Section

Al Hot air engines.

A2 General engineering models (including
stationary and marine angines).

A3 Internal combustion engines.

A4 Mechanical propelled road vehicles
(including tractors).

A5 Tools and workshop appliances.

A6 Horological, scientific and optical
apparatus.

A7 General engineering exhibits — not
covered by the above

Railway Section

Bl Working steam locometives 1in scale
and over.

B2 Working steam locomotives under lin
scale.

B3 Locomotives of any scale,
experimental, freelance or based on
any published design and not
necessarily replicas of full size

prototypes, intended for track duties.

B4 Scratchbuilt model locomatives of any
scale, not covered by classes Bl, B2, B3,
including working models of non-steam,
electrically or clockwork powered steam
prototypes.

B5 Scratehbuilt model locomotives gauge 1
(10mm scale) and under.

B6 Kitbuikt model locomotives gauge 1
{10mm scale) and under.

B7 Scratchbuilt rolling stock, gauge 1 (10mm
scale) and under.

B8 Kitbuikt rolling stock, gauge 1 (10mm
scale) and under.

B9 Passenger or goods rolling stock, above
lin scale.

B10 Passenger or goods rolling stock, under

linscale.

Railway buildings and lineside

accessories to any recognised model

railway scale.

B12 Tramwvay wehicles.

W

Marine Models

C1  Working scale models of powered
vessels (from any period). Scale 1:1to0
1:48

G2 Working scale models of powered
vessels (from any period). Scale 1:49to
1:384
Non-working scale models (from any
period). Scale 1:1to 1:48
Mon-working scale models (from any
period). Scale 1:49 to 1:384

G5 Sailing ships and oared vessels of any
period - working.

C6 Sailing ships and oared vessels of any
period - nan-working.

C7 Mon-scale powered functional models
including hydroplanes.

C8 Miniatures. Length of hull not to exceed
15in for 1:32 scale; 12in for 1:25 scale;
10in for 1:16 scale; 9in for 1:8 scale. No
limit for smaller scales.

C9 For any model boat built from a
commercial kit. Before acceptance in
this class the kit must have been readily
available for at least 3 months prior to
the opening date of the exhibition and at
least 20 kits must have been sold either
by mail order or through the retail trade.

Model Horse Drawn

Vehicle Section

G1 Carriages & other sprung vehicles.
(Omnibuses, trade vans etc.) Wagons,
carts and farm implements. Caravans.

Junior Section
J1 For any type of model, mechanical or
engineering wark, by an under
14 year old.
J2  For any type of model, mechanical or
engineering work, by an under
16 yearold.
J3  For any type of medel, mechanical or
engineering waork, by an under
18 year old.
All entries will be judged for standard of
craftsmanship, regardless of the modelling
discipline, i.e. a boat will not be competing
against a military figure. Providing a model
attains sufficient marks it will be awarded a

gold, silver or branze medals

Model Vehicle Section

K1 Non-working cars, including small
commercial vehicles {e.g. Ford Transit) all
scales down to 1/42.

K2  Non-working trucks, articulated tractor
and trailer units, plus other large
commercial vehicles based on truck-type
chassis, all scales down to 1/42.

K3  Non-working motor bikes, including push
bikes, all scales down to 1/42.

K4  Non-working emergency wehicles, fire,
police and ambulance, all scales down to
1/42.

K5 Non-working vehicles including small
commercial vehicles {e.g. Ford Transit).
Scale from 1/43 or smaller.

K& Any available body shells including
Concours, in any scale or material, to be
judged on appearance only.

K7 Functional model cars/vehicles which
must be able to move under its own
power of any type. Can be either free-
running, tethered radio controlled or slot
car, but must represent a reasonable full
size replica

DUKE OF EDINBURGH

CHALLENGE TROPHY

Rules and Particulars

1. The Duke of Edinburgh Challenge Trophy
is awarded to the winner of the
Championship Award at the Model
Engineer Exhibition.

2. The trophy remains at all times the
property of Nexus Special Interests.

3. The name of the winner and the date of
the year in which the award is made will
be engraved on the trophy, which may
remnain, at the discretion of Nexus
Special Interests Ltd, in his/her
possession until required for renovation
and display at the following Model
Engineer Exhibition.

4, Any piece of model engineering work will
be eligible for this Championship Award
after it has been awarded, at The Model
Engineer Exhibition, a Gold or Silver
medal by Nexus Special Interests Ltd.

5. No model may be entered more than
once.

6.  Entry shall be free. Competitors must
state on the entry form:

(a) That exhibits are their own bona-fide
work,

(b} Any parts or kits that were purchased
or were not the outcome of their own
work.

(c) That the model has not been
structurally altered since winning the
qualifying award.

1. Nexus Special Interests Ltd. may at their
sole discretion vary the conditions of
entry without notice.

COMPETITION RULES

1. Each entry shall be made separately on
the official form and every question must
be answered.

2. Competition Application Farms must be
received by the stated closing date.

LATE ENTRIES WILL ONLY BE ACCEPTED AT

THE DISCRETION OF THE ORGANISERS.

3. Competitors must state on their form the
following:

(a) Insured value of their model.

{b) The exhibit is their own work and
property.

(c) Parts or kits purchased.

(d) Parts not the outcome of their own
weork.

{e) The origin of the design, in the case of
a model that has been made by more
than one person.

NOTE: Entry in the competition can only be

made by one of the parties and only their work

will be eligible for judging.

4, Models will be insured for the period
during which they are in the custody of
Nexus Special Interests Ltd.

5. Ajunior shall mean a person under 18
years of age on December 315tin the
year of entry.

6. Past Gold and Silver medal award
winners at any of the exhibitions
promoted by Nexus Special Interests Lid.
are eligible to re-enter their model for the
‘Duke of Edinburgh Challenge Trophy.”

Past winners at any of the exhibitions

promoted by Mexus Special Interests Ltd. will

not be eligible for re-entry into the competition
unless it has been substantially altered in any
way.

7. Nexus Special Interests Ltd. reserve the
right to:

(a) Transfer an entry to a more
appropriate class.

{b) Describe and photograph any models
entered for competition or display and
to make use of any such photographs
or descriptions in any way they may
think fit.

|c) Refuse any entry or model on arrival
atthe exhibition and shall not be
required to furnish a reason for doing
S0.

8. Entryinto the competition sections is not

permitted by:

(a) Professional model makers.

{b) Anyone who has a financial interest in
the direct supply of materials and
designs to the public.

NOTE: If unsure, please contact the

Competition organisers, prior to the show.

9. The judges’ decision is final. All awards
are at the discretion of the judges and no
correspondence regarding the awards
will be entered into.

10. Exhibitors must present their model
receipt for all models collected at the
end of the exhibition and sign as
retrieved.

1. The signed release for each model must
be presented to security staff when
leaving the exhibition complex with
display modells) after the close of the
exhibition.

IMPORTANT NOTE PLEASE MAKE COPIES,
INCLUDING PHOTOGRAPHS, OF ALL
INFORMATION RELATING TO YOUR MODEL
AS NEXU'S WILL NOT ACCEPT LIABILITY FOR
ANY LOSS.

CLOSING DATE 16TH DECEMBER 2002



THE MODEL ENGINEER
EXHIBITION .o oreeusoun

Please return completed form to:
Model Engineer Competition, The Leys,
Church St., Twyford, Bucks. MK18 4EU

ENTRY FORM - COMPETITION
& LOAN MODELS CLASS | ENTRY NO.

PERSONAL DETAILS (Please print)

SUMAME o nnnnn s aiuriinniiesi Forehame(s) oesnvnnunanmnana PO scviivamiiiis
NOIEITIEISO. i s 5 A A R A R G A A A AR MR R SO RS Ba as
Past Bode. cosianmins Hae 18l sosnsnsiinsmsnimesis DAYHNE TeE wusisnncammmsiins
MAGHEE CIID, G A STROTREMOITE 50w iR 8 AR A A A S AR AR R A
Have you entered before? (Y/N) ......... Do you purchase or subscribe to a Nexus magazine? (Y/N) ..........
How many years have you been a modeller? ... e

Mail Order Protection - please tick this box if you would prefer not to receive mail from ather companies which may be of interest to you D

MODEL DETAILS - PLEASE TICK BOX IF MODEL IS FOR LOAN

Entiy Glass: (compelition entHEsS BANY) ...ciiiesininniisissinsisvisinreinss svois ivits ives f5 s shwsm i vt s egn ivasssnss fusies

Model Title (to be used for catalogue and display card) ........cccooiciiiiriinininen e e

Model 86ale wusnv: LENAN  covcnainn Wi oo HBIOM s |1/ 1o g Sm——
TP el GonSICHUH s a s r e S T S S T R s R R T R T i

Have you supplied a photograph? (Y/N) .....c.cooeeeeeeee.
Are you supplying Judges Notes? (Y/N) ..ocviiiniennnnne,
Value of model (Highbury Nexus will not insure the model unless a value is entered) £ .......iiiceeiiieenen.

Namaand addross OF TOUE] MBVMBIIBIIBE < wexswsssensssssswrssssssisssesss sy w15 655sai s saismsn s o

NB Please make a copy of this form and any photegraphs enclosed for your own reference. Please note that Nexus will not accept
liability for any loss of documents or photographs submitted with this form



& Swing 92mm

® Centre 200mim

® Speeds 130 - 4000rpm
(Milling head optional)

® Exiensive range ol
ACCessories

£29°

Easycut
Portdalo Bandsaw

¢ Variable Spead 30-90mimin
& 1kw Molor
¢ Culling Capacily
85mm dia x 105mim long
® No need for cootant

g29°

Emn Unimat Basic
achining Centre o oy 11D
* Swing 130mm o, ® Centre 200mm
® Cenlre 350mm 2 & Varispeed 20 - 2200rpm
* Molor 500w ® Made In Ausira
{Milling head oplional)
* Mads in Auslria _ 5499
£59°
.g
Compact 8E o Emnn ..
Emn Bench Lathe £1°° w
Emco Compact V8

Electronic Varispeed Lathe
IAII German Electronics 9.16‘5

L ® Swing 210mm
e Cenlre 450mm
® Molor 650w
Compacl V& Lalhe
® Molor 1.4 kw

< S:rpcods 45 230-0

Maximat F1-P, |
Milling Machine

® Table G30x150mm 100-4000 pm
* Zml Spindle

* Universal Head

® 120 kgs 1

e Speed 180-2300rpm 1t goont
% Made in Ausiria e‘ Aﬁa‘ - po c‘f

ximat Supor il
I.atho

® Swing 280mm

e Cenlre 650mm

e Geared Head

& 25m or 35m Bore

B Prire from €5200.040

230V version
| now available

achines shown with optional accessorios

Emcomat 17/20 Series
Tooh-oom Lathe

* Swing 340-400mm

= Cenlres 700-1000mm

& Toolroom spec.

® Advanced lealures, eg.
consian! surlaco speed

@ Price trom £11,500

® Made in Ausiria

Prices include VAT

17 Station Road Business Park

Barnack, Stamford, Lincolnshire PE9 3DW

(01780) 740956 -

(01780) 740957
ProMachUK@aol.com
http:/lwww.emcomachinetools.co.uk




Long Traval2GDm1'F 1 1 OOE

Cross Travel 150mm
Vertical Travel 330mm
Maolor 1.4kw

Varispead 180-3000rpm
Drilling Capacity

in staal 16mm

Price £1489.00

. e "0 00

P Milling Je
WAHEFQ Machine -
F1200E [
® Long Travel 260mm
® Cross Travel 150mm
* Vertical Travel 280mm
* Molor 1.4kw
* Varispeed 180-3000rpm
® Drilling Capacity
In steal 23mm

® Price £1757.00

F1210E

o, Millin
NATECO Machlsno .
L

MEWNC

® 3 axis CNC Mill with

CNC Milling
S Machine

* Long Travel 500mm Ballscrews m‘:’?’ RCEUC e
® Cross Travel 150mm Instead of | o0 T oo = e
e Verlical Travel 280mm standard & = IR
® Molor 1.4kw w bz et
* Varispood 180-3000rpm 5
e Driling Capacily -—-“H’
in steel 23mm High spoad £ ..o e |
 Price £2069.00 spindie oplion T T
100 - 7500 rpm SRS
* Swing 220mm ) ¢ Swing 220mm
comnann | QEIRR) g oo
& Price from £1621.00 ® Varispead 45-2300rpm
® Stock removal 8mm in DSWOE Lathe -« rrico 2239000

ane pass

CNG te
gm“""
® Swing 270mm
& Canlre 600mm
® Molor 1.4kw
. e et & ot CNC Lathe CC-D6000
* Weight 150kg ¢ DGOOOE lalhe with 2 axis CNC conlrol
i * Price £3074.00 with locimaker's accuracy lest cortificale
* ® Stock removal 10mmin one - ® Prico £4832.00

pass

Metric machines - true inch machines also
available

5 Years Manufacturer's Warranty
on all Wabeco Machines

Manual Machines can be retrofitted
with CNC add-on package

Wide range of optional accessories
Made in Germany




Single to Three phase speed controllers

for your lathe or Miller

Are you still changing belts and pulleys? Need to run 3PH machinery from a domestic supply?
Is your miller tog fast aven in bottom speed? If your answer to any of tha abova is yes....
Then you need 1o treat your machine to smooth and quiet variable spaed operation.

Complete ready built speed control systems with new a 3PH motor are available to suit all Myford ML.7,
Super 7. and Super 7 Plus machines. Systems also available for Tom Senior, Raglan, & Colchester ete.
Available in sizes 1/2ZHP, 3/4HP and 1HP. Prices start from £395 + Carriage & VAT for the 1/2HP.
Designed and manufactured in the UK, with FULL 12 months warranty and after sales support.

With a Mitsubishi Electric variable frequency inverter, and a three
phase motor, the full potential of your lathe or machine tool
can finally be unleashed..!

Mitsubishi Electric single to three phase inverters drives available from £113 + VAT.
.,‘ EJI'_ESL{%SH' Available in sizes ranging from 1/3HP to 3HP (2.2kW), and with a full range of
options mcluding Pushbutton control stations, Programming keypads, and RFT filters.

Here's what some of our satisfied customers say....

“ Fwas very tmpressed with the service | recedved fram Newton Tesla, In particular George Newton tack comsiderable time and troublc
in explaining how the Mitsahishi E320 AC drive system operared and worked out the conmcerion details for my  Colehester Student
Lathe. Fitting was straightforsard and onee T had mastered the programming unit the svitem worked Hight fiest time. It was very good
varlue for money! "

Derek Toiler, Colchesier "Student” Lathe

“The fitment of the new inverter and the three phase mator has completely changed the wse of my 9+ yeav old  Drummand Round bed
feathe, Ulsing the weigrinal palleys to change the speeds af the chuck also entailvd changing the flat belts, which was fediovs o ray the
Teast! The speeds 1 could obrain were 90 rpm, 255rpm and 27 5rpm. As ngy lathe is not hack geared diese speeds did not fir my
requirements With the inverter mnd the three phase motor I can now obtain specds from Wirpm to S00vpm withowut any steps and - with
ek smonther rinming. [ do not now havwe the problem of "chatter” during machining and the lathe now runs a lot guicter at ‘afl’
speeds. It has also now became a much mare vsefid and pleasant machine tool 1o use.”

Mr A D. Jones. Dvummand Rowed Bed la rhe.

“Lhave beem meaning ta write t Vou for over a Year now, to say how pleased | was with the MI.758 Speed Contral System  and miotor
yeo supplied for my Ruplan Litde-Jahn MES latke. | can do screw catting without using the back gear, and the smanther 3 -phase
maotor has eliminated the noise produced by torsional oscillation
of the single phase motur. A 20p piece com be balanced on the headstock casing aned hardly moves af any speed”

Mr B Harding, Raglan M5 Lathe,

Call us now for more information and friendly advice, or visit our new website

Newton Tesla g

o ® ELECTRIC @ DRIVES @ LIMITED @
i “ Units G15 & G18, Warrington Businans Park | \‘
1509001 L___. Long Lane, Warrington, Cheshire WAZ BTX "/
Tol. 01925 444773 Fax. 01825 241477 Email. info@Nawlon-Tesla.com a g

| P
ENCPT ITE N — ‘:x
CENTRE www.newton-tesla.com Major credit cands acceped



J Speeds 100/1600
J Table 23" x §*

J Varable spead contml
2 J V2 hp matar

< WO-2500 rpm

W 3 mi spindie

o Table 153" x3 V2"
Imperal or metric kead-
WUNE

Optio nal

[WARCO|

The widest choice... ONY ___the best prices!?
£998.00 Mai
. ONLY jor
- £625.00 ZX-16 Mill Drill g‘::lfv‘ﬂ'
ey ) Compaxt gear head machine n
) E . Mini Mill Drill ) Tilting head J Geard, fiting head
? | J mh':;d for Inclined S fﬂ:;:f:"mm RE -Imperial - Metric
eodecrows

stand £EMY

J1VZhpmotor =
. Tabile size 28" x 8"
J Awailable 3mt -

ONLY
£1,250.00

ONLY ONLY SR ONLY
£799.00 £985.00 WRRE|  £150.00
| 1 " " "
Fconomy Minor Mill Drill | I‘ Maijor Mill Drill
J Toble sime 23X 7 VT J 1 hp moler - T J 2 hp moter |
J ¥4 hp metor 2 Tablo see 26" X7 V2" == 7. Table size 29" x "

ONLY ONLY Lath ONLY
£1,600.00 £899.00 LS ) o50
’ 3 | ) Gaar Head lathe 4 -00
- 1016 lathe o i
botween contres
VMC Mi' _ Supplied with Camlock 3
i < 3 conire hoight x 18% and 4 fow chucks, foce plate,
i J ligstrerted with optional between cenms fived and travelling seadies.
Y - ! W d o, and power keed, ) Supplied with 3 and 4 _ Spoods 75,1400
B N ) Table size 24" x 6 jaw chucks, fixed and ) 2 hp motor
) SO | JMokrivan traveling sxeodks, ") Gap bed _ Ako avallable
" ) Auvaliabls 3mt - face plate,. J Hardened bedways 927 bofwean
B8 - Motric - Imparial < 4 way ool post centres £1,950
_ Also availoble 22° between
centres with Norfon thread
_/\ cutting gear bou £1,09¢
— PRICES INCLUDE

| Colour bBroclwwas!

TWWW.WArco.

TO UK MAINLAND

co.uk

ONLY
£225000 (WARCO/

" GH-1322 Lathe

| J Suparb, compaoct gear head lathe
a  J & V2" contre height x 22° betwoen contres.

y Speeds 70/2000

2 Sypplied with Camlock 3 and 4 jow chucks,

fixed and trave ling sbeadies, face plate, four
way ool pest, coclant system, halogen lighting,
telkescopic lead screw covers and fool operated
epindle beoke.

J Gap bed. Hamdoned badwaye

< Abo availoble 30° betweon contres £2, 990

ORLY  Warco BH-600
£1,600 ik

J N babwoan conrvs

< Powir avis bed

) T HP singhe phase

) Supplad with 3 and & jow chids
< Fed and teavelling sheadies

) Foce plate

J T dhothed s dide

J Rear splah guand

- Cabirest piand £ costant vy

) Hardernd bedways

_J Spoed range 501200 pa

J Ao available 37°
between centres €1, 900

Warco, Fisher Lane, Chiddingfold, Surrey GU8 4TD

Tel: 01428-682929 Fax: 01428-685870/686812
e-mail: warco@warco.co.uk web; www.warco.co.uk
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SAVE £6 ON RETAIL PRICES
THREE NEW TITLES IN THE WORKSHOP PRACTICE SERIES
from NEXUS SPECIAL INTERESTS BOOKS

USEFUL WORKSHOP TOOLS MAKING CLOCKS
Stan Bray Stan Bray

210X |48 MM: 104 PAGES; 210X 148 MM:; 128 PAGES;
30 B+W PHOTOE,; 70 LINE DRAWINGS, 100 B+W ILLUSTRATIONS;
1-85486-194.8; PAPERBACK £ 6.95 1-85486-214-6;

PAPERBACK £6.95
Workshop Practice Series No. 31 A
collection of fifteen invaluable
additions to the medel
enginees s armousy
oftools and
equipment from the
former editor of
Model Engineer’s
Workshop m agazine.
This practical collection
oovers bendhwork, the

lathe and milling

Workshop Practioe Seriss No. 33, An
introduction to the facsinating

world of horology for g ' :
the complete beginner. E 8 _
This back l:tpfalna the ‘1 Bt -ttt 5

termninology of the
clockm aker nd provides
general details of olodk
constraction naluding i
laycut of wheels and T
escapements, all of whichare |

i

UNIMAT T LATHE ACCESSORIES
Bob Loader

210X 148 MM:; 160 PAGES:

160 B+W PHOTOS; 7O LINE DRAWINGS;
|-85486-213-8; FAPERBACK £ 6.95

Workshop Practioe Series No. 32, An acknowledged
authority on the populae Uninat mini-lathe
has devaloped numeroas
accessories and
techiniques to assist the
model engineer in getting
the best froem the m schine.
The pro] ecte m this book
inoreass the soope of the
machine & advizs on tha
perform ance of a nomber of
tricky operations,

operations.

fully described and illnsrated, e
-—

+!
t.'_,.-h

SPECIAL OFFER THIS MONTH - BUYALL THREE BOOKS FOR £15.00
SAVE £6.00 ON CURRENT RETAIL PRICES

To order plesse call the cradit card hotline on 01322 616300 or gend a cheque mads payabla 10 Nexue Madia [td
Customer Services, Nexus House, Azalea Drive, Swanley, Kenz, BRS SHUL
Online ordering www.assonline.com

FOR INDIVIDUAL PURCHASES PLEASE ADD £1 FOR P&P

The publisher of The Woodturner
brings you a one-off publication Grimuming
with information for beginners...

Inspiration, advice and tips for woodturners everywhere

On sale from September 27th
at leading stockists

® Technigues and Torning all round advice

@ mmm up and us on design, Ooder voor ooyl
® Choosing and wsing pl chu (killg and advance by calling
Wenhor much, much 01322

® On course for learning more

616300




THE ESSENTIAL WORKSHOP LIBRARY

from NEXUS SPECIAL INTERESTS BOOKS
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All Adverti: il Hoei

CLASSIFIED ~

Hsttoy(lds sfibel DB pparre aht Nibews S Sercldhiaresist i dma il dsese,
Azalea Drive, Sommliey, et EFEBSEHL T &80 0022 BERITT.(E Ha:0 1B13221636919
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All advertisements must be pre-paid.

The Business Advertisements {Disclosura) Ordar 1977 - Raquires all advertissments by people who sell goods in the course
of business to make that fact clear. Consequently all trade ads in Mod'el Engineers” ilnisfhamcarry this T' symbol

WORKSHOP EQUIPMENT

DIAMOND WHEELS

All Shapes for all machines:
Quorn, Wordon, Stent, Bench Grinders

Prices from: £34.95 inc var

. 2

Efernal

HI-TEC 3-PHASE GDNVERTEFIS

Speed Controls, Forward & Reverse Switches, Static and

otary Phase Converters 0.8kW to 45kW to run 3 phase

415 volt machinery from a Single Phase. We can also supply,
Transformers and Components.

Website: www.phaseconverters.co.uk

BOOST ELECTRICAL ENGINEERING
Tel: 01959 534073 Fax: 01959 532726

WE BUY, SELL & EXCHANGE

TOOLS, MACHINERY, MATERIALS, PART BUILT
LOCOS, MODELS ETC.
WORKSHOP TOOLS, MACHINES, MODELS
WANTED - WE COLLECT & PAY CASH

M.E. SALE & EXCHANGE

Compass House, High St.. Rotherfield, Sussex.
Phone (01892-85) 2968

Long S.A.E. for List

TRUE PHASE
CONVERTERS

ESTABLISHED FOR 60 YEARS

* RUN THREE PHASE
MACHINES FROM
A SINGLE PHASE
SUPPLY
REVOLUTIONARY
DESIGN

= OUT PERFORMS
OTHER CONVERTORS

* MONEY BACK GUARANTEE
DANEBURY ELECTRIC LTD

PHone, FAx or EmaL For CoLour BRoOCHURE
amall: truog eburye .E0.UK
Web: www. danebury.co.uk

Fax: 01202 530940

PHASE CONVERTERS

2HP TO 50HP
A Top Quality Range of Static
and Rotary Converters to run
3-phase 415v machinery from

240v single-phase supply.
For further details contact:
Motorun Phase Converters

23 Waldegrave Road, Teddington, TW11 8LA
Middx. Tel: 020 8977 0242 Fax: 020 8943 3326

Ansaphone Service After Hours

62

MODEL ENGINEERING SUPPLIES (BEXHILL

Stockists of all your medelling requirements. Good used
machines, part exchanges, used tooling, new machine
tooling and ancil lary equipment. Mail order catalogue £1
ing, postage, All major credit cards accepted.

Phone/fax 01424 223702

17 Sea Road, Bexhill-on-Sea, [
E E. Sussex, TN40 1EE (opp. railway station) .@

GENERAL

THINKING OF SELLING YOUR LATHE
MILL OR COMPLETE WORKSHOP

fuss manner? Contact David Anchell, Quillstar
(UK) Ltd (Nottinghami).
Tel 0115 9255944 Fax 0115 9430858

and want it handled in a quick, professional np

— R.A. ATKINS ——

MYFORD SUPER 7B LATHES, from ...
MYFORD SUPER 7 LATHES, from ..
MYFORD ML7, clutch makers rebuild..

MYFORD ML10 LATHES, choica ... .-..E500
JUBILEE 30" WOOD LATHE, tooled. .-..£300
HARRISON HORIZ MILL, vert head..... .-..E700
UNION TOOL CUTTER GRINDER, tooled -.£450
WARCO MINOR MILL DRILL £475
PROGRESS MO.1 1, PILLAR DRILLS. ...£100
WARCO VERT BENCH MILL ............... ....£425

MYFORD RODNEY MILL ATTACH, suit ML10.
MYFORD PLAIN VERT MILL SLIDE .
Q&S BULLDOG 8" HACKSAW.........
MYFORD METRIC CONVERSION SET ....

100'S MODEL ENGINEER TOQOLS & EQUIPMENT
WE URGENTLY REQUIRE TO BUY WORKSHOPS

HUNTS HILL HOUSE, HUNTS HILL, NORMANDY,
GUILDFORD, SURREY GU3 2AH

Tel: (O1483) 811146 Fax (01483) 811243

VENSON

a”alif Y Mac),

and ]boﬁ”g

Machine Sales

EX BRADFORD UNIVERSITY MACHINES
Colchester Master 6 x 36" Late fully Tooled

Arboga Maskiner geared Head Pillar Drill 3MT
Raglan 57 x 20" Lath
Thommen Chip-Breaker Tool + Cutter Grin

e Gear Box P/F Sl'ng|de Phiase Fully Tooled
er

a Geared Head Dri

Colchester Chipmaster, N::Per Turning Rear Tool Post, Bed Stops Fully Tooled
Ar | 3MT

Edwards 4ft X 16G Guilletine ...

il
Elliot 00 Mill 27* X 8" Table.....

J+5 12-12 Hand opp cylindrical Grinder Single Phase
J+5 540 Surface E‘: dzr (Like New Condition]

Elliot 4E Pedestal Drill 4 Morse Power Feeds

3 of Harrison L5 Lathes (All Goad Condition]

Harrison Vert Mill 307-8" Table (Superb Conditions) ......

MILLING MACHINES
42" 9" Variable Sp

All machines are of outstanding condition & come completely tooled
Toe many machines to list, please phone for details

AE. Jones Vert/Hort Swivel Head+Table Power Feed [Tom Senior Size) .....
dhead Digital Read

Bridge|
A&% rizontal mills

Harrison horizontal mills .........

LATHES
Boxford Cud Metric Cab/Stand PCF ...

9 Colchester Masters 6" 36" One with Clutch

Harrison L6 Gearbox PCF Gap Piece Missing [Verty Tidy)
Colchester Bantham 2000 6" %.0" Gap Bed %uc:l IBrlnlsc.lZ,

Harrison M250 Fully Tooled
MISCELLANEOUS

Colchester Chipmaster Tooled Taper Turning Rear Tool Past (Verty Nice)

Jones & Shiﬁmun dig. form model AT new bexed

Bridgeport Slotting Head, excellent condition
Leytool slotting machine, 3" stroke, small rint, swivel
Bridgeport milling head, 2 s

Eclipse magnetic chuck fo=x12

Viceroy pedestal grinders, 2 off, ex cond (small & com) ﬂL >
ead, rebuilt & painted......
| motor RB power quill [Fits most mills, ie Adcock & Shipley TES] ...c.covvvricinnns

Flypresses
Coﬁhesfer Chipmaster lathe (breaking) ...
Harrison

Union Bench Dri

5 res -
Swivel verﬁgul heaad AMT, make unknown but will fit Senior, A&S ete with modification

Collet chucks, box blocks, vices, angle plates, surface plates etc ........

ill
Student/Master Collet Chuck 2 of

Student 18" Faceplate

Boxford 2MT Pillar Drill {Unﬁdgﬁ
Pedestal Sander 15 Disc Ex Uni

Jones Shipman Bench Centre

Hydraulic Stacker Truck Ideal for Lifting Vices and Chucks 800 kg .

'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 544409 & 780040 Mobile 07050 27216/

4 Duchy Crescent, Bradford, BD9 5NJ
Model Engineers’ WinmHsihomp



ENGINEERS TOOL ROOM

The tool supplier for Pr I & Model Engineers|
CUTTING TOOLS: HSS — COBALT — COATED

Drills: Metric, Fractional, Jobbers, Long Series, Boxed Sets

Reaming: Meiric, Fractional Hand and Machine.

Threading: Taps, Straight Flute, Spiral Flute, Boxed Sets, Metric,
Imperial, Unified, BA.

Dies: Split Dies, Solid Dies, Die Nuts, Metric, Imperial, Unified, BA.

Milling: End Mills, Slot Drills Plain and Screw Shank, Harizontal Cutters,
Slitting Saws, Collets.

Tuming: HSS Tool Bits, Tungsten Carbide Tipped Tuming Tools, nsert
Toals, Collets.

Measuring; Micrometers, Werniers, Dividers, Callipers, Setting up Tools
Workshop Machinery: Lathes, Milling Machines, Pillar Drills, Band Saws
Machining Services: full machining service available, twrning, milling,
grinding, wine and spark eroding, tool and mould making
“New” Tool Catalogue available FREE - Send for one today
GHECK OUT OUR SPECIFICATIONS & PRICES BEFORE ORDERING
YOUR MACHINES - Contact us for a Quotation
Part Exchange on some machine tools welcomed
Tel: 01443 777167 Fax: 01443 773347
Mobile 07770 988840
Web Site: www. i I co.uk
Email: regpugh@aol.com
262 PARK ROAD, CWMPARC, TREORCHY,
MID GLAMORGAN CF42 6LE

,?\PS + DIES
M’ - SAME DAY POST -
e send S.AE forFREE Price Lists |5 )
]

We are Totern brand
( Every size stocked/manu factured.-’supplied)
20 years - Excellent quality - Lowest prices

BSW/BSF, UNC/UNF, Metric, BA, ME, Cycle, BSB,
Specials, Taps & Dies sold individually or boxed.

THE TAP & DIE CO, (Dept ME) 445 West Green Rd,
London N15 3PL, UK . Tel: 020 8888 1865. Fax: 020 8888 46
(Distributors Required)

——TOOLCO

The home of good quality used tools and machinery

www.toolco.co.uk
or send for full itemised stocklist.

Unit 4, Ebley Ind Park. Ebley, Stroud, Glos GLS 4SP
Important: Phone for opening times before travelling.
(Just 4 miles J13 M5 Motorway) Tel: 01452 77055
E Mail: sales@toolco.co.uk Fax: 01452 770771

DRFLS, REAMERS, ETC

e

Operate three phase machinery from your
single phase supply system.
P e

Transwave

COMVERTERT

www.powercapacitors.co.uk

Power Capacitors Limited
30 Redfern Road, Tyseley, Birmingham Bi1 2BH
Tel: 0121 708 2811/0121 708 4522 - Fax: 0121 765 4054
E-Mail: transwave@powercapacitors.co.uk

THE
PEATOL
LATHE

£160 including 3 or 4 jaw chuck. Milling attachment
and other accessories available.
Centre height 2Y;" distance between centres 915,
Full details send 2 x 2nd class stamps. Price inc. VAT
Peatol Machine Tools, M.E.W., 19 Knightlow Road,
Harbome, Birmingham B17 8PS Tel: 0121 429 1015
www.peatol.com

Churchill-Redman Cub Lathe

24" B/C &" from BYToC — 6 speed gear hox,

power feed in forward and severse. £150 ano
Tel: 01642 323685

TOOLS PURCHASED - hand tools & machinery
whole or part collections — old and modern. Will
call. Tel: Alan Bryson, Taunton (01823) 288135,

MEDIUM DUTY PART-OFF SYSTEM

£89.50
incl. VAT &
P&P

System comprises of:-

Five 2Zmm wide carbide inserts
Double-ended insert blade
Blade holder & Allen key

Max. Part-off diameter 130mm

Spare inserts available @ £4.80 incl. VAT and P & P
CLARKE ENGINEERING

Tel: 01603 722023, 01603 426522
FULL MONEY BACK GUARANTEE

BoxrForp-aup-4'/,”” x 20”°, 3 JAw AND 4 JAW CHUCKS,
FACE PLATE, POWER FEEDS, SCREWCUTTING GEARBOX
AND INDICATOR, COOLANT, T-SLOTTED CROSS SLIDE,

VERTICAL SLIDE, IPH. £800. ovNO

TeLerHoNE: 01493 658740 (GReaT YARMOUTH)

BRIDGEPORT BELT DRIVE
turret mill, Dro, power feed x axis,

coolant, 42" x 9" table, machine vice}
Tidy machine. £1,950 + VAT ono

Tel: 01488 685060 (Hinyeriond)

ALFRED HERBERT

Nos. 4 turret lathes senior, junior
£195 each. Also 1920/30 made
fiat belt lathe 8in. swing, 36in.

centre, screw cutting,
independent chuck. £295.

Details: 01778 412798 (evenings)

CHESTER U.K. LTD

HARRISON M250 CENTRE LATHE Tel: 0247639 8647
6" swing, 3 & 4 Jaw chucks,
quick change tool post, coolant,
light, 2 point steady, tidy
machine. £1,950 + VAT ono

Tel: 01488 685060 (Hungerford)

MYFORD ML7 LATHE

Tel: 91455 286759 (Leics)

(24 hr update)

www.tradesalesdirect.co.uk (rrade Prices)

Don’t wait for the next issue! Check out the Internet Web Site above. It contains a stocklist pf
used lathes, millers, grinders, drills, saws, miscellaneous machinery, accessories, items of
interest, etc. A stocklist is also available ‘FREE’ by post.

Contact: David Anchell, Quillstar Ltd, Lower Regent Street, Beeston, Notts. NG9 2DJ

Tel 0115 9255944 Fax. 0115 9430858 or you can send an e-mail tdavid@tradesalesdirect.co.uk.
WORLDWIDE SHIPPING. TRADE SALES DIRECT IS A SUBSIDIARY OF QUILLSTAR LTD.
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TOOL & CUTTER GRINDER Harrison, single
phase, mint condition, all accessories will cylindrical
grind. £475. Tel: 01283 703368 (Derby).

COWELLS 90ME LATHE, as new, rarely used,
accessories, £600. Tel: 045 864032 (Dubilin).

ATLAS LATHE 5"x30°, 4 chucks, change wheels,
boring table, auto traverse, etc. £325. Tel: 01732
842386 (Kent).

LATHE PARTS AND ACCESSORIES -+ gears for

Boxford & Raglan Little John Lathes. TOO Q.C. Tool
Post + 2 holders £90. Tel: 077208 70891 or see

www.latheparts.co.uk.

SALE HERMINGHAMWAY KNURLING TOOL KIT
£25. Crown 4" 4JIND chuck Myford backplate £45.
Dremel 210 drill stand (928 screen tool) £10. Tel:
01373 832681.

SALE MYFORD NO. 20/40 Rodney milling/drill
attachment. Buyer to collect, Bath area, offers. Tel:
01373 832681.

WINFIELD 41/4”X20” B.G.S.C. LATHE on C.1

stand with chucks and accessories, buyer collects.
£175 o.n.o. Tel: 01724 720419 (Scunthorpe).

SHAPING MACHIME very small hand operated
£100. Myford vertical milling slide £50. Lathe
chucks burnerd £50. Tel: 0115 9266245 (Notts).

MODELS & MATERIALS

INTERNAL COMBUSTION ENGINES

DRAWINGS, CASTINGS, MATERIALS, SPARK PLUGS, TIMING GEARS,
ETC AVAILABLE FOR A RANGE OF DESIGNS INCLUDING:

* 0.8GC & 5GC DIESEL

* 6CC TWO STROKE

« 10CC GLOW PLUG

« 2 CYL. 30CC O.HV.

* 4 CYL. 30CC O.H.C

FOR SALE - CLEAN
MEW with inserts. No. 1
to 40 ie 33 early issues
(7 missing). 40 to 74 ie 14
late issues (20 missing).
Also Model Engineering 5
volumes 137-138-143-
145-146 ie 230 issues.
Offers please will split. Tel
Devon 01395 225580.

1 3ce Chenery Aero Twin

WORKSHOP EQUIPMENT

DRAWINGS AND CASTINGS FOR MILLING
ATTACHMENTS, BORING HEADS
VERTICAL MILLING MACHINE ETC

RADIAL & STATIONARY STEAM ENGINES
ILLUSTRATED CATALOGUE AND PRICE LIST £1.50
WOKING PRECISION MODELS
27 Petts Crescent, Littleborough, Lancashire, OL15 8ED
Tel: 0780 8446915 (day) 01706 377508 (evening)
e-mail: graham@wokingprecision.f9.co.uk
www.wokingprecisionmodels.co.uk

BA FASTENERS IN BRASS
STEEL & STAINLESS

SPLIT PINS, TAPER PINS,
ROLL PINS, TAPS, DIES, DRILLS,
NUTS WASHERS,
RIVETS, MATERIALS
Sand Stamped addrassed envelope plus two first class
stamps for 28 Page List (Overseas £1.50) Quote MEW.
“ITEMS” MAIL ORDER LTD,
46, ST. MARTINS ROAD, NORTH LEVERTON,
RETFORD NOTTINGHAMSHIRE DN22 0AU

Telephone 01427 884319 Fax 01427 884319

BLACK-IT?

Easy to use Chemical Blacking for Iron and Steel
Produces a professional satin black finish in less than 15 minutes
Standard kit (4 X 500ml) ideal for modelmakers £27.99
Large kit (4 x 2 Litres) £64.99
Blaek-it! kit for Brage £18.00
All prices include WAT & next day dedivary
Pixel-Plus, Bryncroes, Pwiheli, Gwynedd LL3 BEH
Tel/lFax 01758 730356 Access, Visa & Switch accepted
For more details, visit our web site at www.black-it.co.uk

5” GAUGE
0-4-2 LION

50M SCALE, BLACK

ANODISED BULLHEAD
TRACK, BUFFERS, CROMAR

BOGIES, ALL UNUSED

TEL: 01208 812121

SOCKET SCREWS
Cap. Csk. Button. Set (Grub). Shoulder
METRIC. BA, BSF. BSW. UNF. UNC
: Hexagonal & Slotted Screws Nuts & Washers.
Dowel & Spring Pins. Dormer HSS Taps & Drills, Draper Tools.
NO MINIMUM ORDER PROMPT SERVICE

Send 4 x 1st class stamps for our latest catalogue (refumdable)
Special offer**** Workshop Discount Pack” ** * %
36 packets of socket, hexagonal and

AN
slotted screws up to a max. size of Q & f Y
2BA - 516" - Mps. Various threads / lengths \q\k @Qs '] {’g

Gatalogue value of pack is over £35.00  ® B 4

Pack on offier to you for only £19.55 + £2.45 pip “ g’}-ﬁ
Send for this offer and benefit from a very % % H’ ;?é‘
useful stock of screws in your workshop. K a

You will not be disappointed. Refund guaranteed. %’i 6'}
Emkay Screw Supplies (MEW) 74 Pepys Way
Strood Rochester Kent ME2 3LL
Tel: 01634 717256  www.emkaysupplies.co.uk
Email: emkaysupplies@onetel.net.uk

Mail Order Qnly

PRECISION MACHINING
FOR MODEL ENGINEERS
Trade enquiries welcome. Est. 36 years.
Write G. Plume
137a Erith Road, Bexleyheath,

Kent DA7 6BT
or Tel: 01322 554516 anytime

METRIC STUDENT 3X4 JAW
LARGE FACE PLATE, CATCH
PLATE, STEADIES
TAPERTURN GAP BED, FULL
RANGE THREAD GEARS, £795

TEL: 01672 563552 (WILTS)
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1 1
1 |
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i 1
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PRICE GUIDE - Tick one box
18 words or less
FREE! (private sales only) J

November 2002

18-25 words, in colour
only £10 V.

26 words +
in colourg15

Private ad, in box, full colour, endless

word count- 25x1 £25 2
3x1 £30 )
35x1 £35



gandmtools
selection from current stock

more photos of lathes, mills and drills on our website

co.uk

www.gandmtools.

sales@gandmtools.co.uk
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MONDAY - SATURDAY 9AM — 1PM AND 2PM - 5PM

OPENING TIMES
GAND MTOOLS, THE MILL, MILL LANE,ASHINGTON,WEST SUSSEX, RH20 3BX

phone 01903 892510

email

www.gandmtools.co.uk

sales@gandmtools.co.uk

fax 01903 892221




THE QUICK-STEP MILL

” = A tool post mounted milling Spindle for
the cenfre lalhe. Fitled to a quick-change
tool holder, It can be al work (n
seconds eliminating
second set-ups inthe
milling maching,
mandrel making #c

Milling operations are
rapidly and accurately

carried oul while
work is sl held true
in the lathe chuck

hy »
.
)
* Waight 9 lbs
* 0 g5 1 00 = 00 1pm
* Rewers e moAce 110 06 Z20W a6
« Colistchuch for EFOOGoliets, 1— 13mm x tmm
* Quick chane wom & 10 rA0a1 and viee-wera
* Vertical <ide wit 1 travel, calbraed Q001" wath additional seps & 1
* Cenloo fivsdirs provided lor quick sutting to ceafne baghl
* Headstock dividiag by means of dision rings a d dekenl
» Suitabie fov ight grinding & 9. trumg chock tws
« Duadeant pidte aclabie to afabis e mathce 1o b ibclined 1or helca mitka g

Fai tull coloui brechure conlacd

J C Payne Engineering Limited

Polgraines, Faringdon Road, Cumnor, Oxlord, 0X2 8QY
Tel/Fax 01865 865223

progress through simplicity

PROJECT MACHINERY

A sample of our current stock includes:

Larnes

Colchester Bantam 1600, §"x 207, wﬂ.m ank dhlul mdmt.__..ﬂm
Colchestar Student MKI, & 12" 257, gap bad, squipped

Colchester Student MKL & 1/2"x 257, gap bed. equipped inc. collets ... mm 1“0
Colchester Triumph 2009, 7 1727x 507, equipped Inc. taper turming. .........£275
Harrison 1SA 5 1727k 247, gap bed equipped inc. Laper Lming.........ow. £750
Harrison 140,5 127 247, gap bed, equipped inc, taper turning. ... £1375
Harson M250 5 1/27x 307, (long bed) equippad, almost as new condithon&9s
Harrkon M300 67x 25", equipped, excellent example 24650
Bonford "A* 4 1727 207, leeik & gearbox, cabinet stand, squipped ... 700
Emcomat 8.4 1™z 24", geared hasd, cabinet stand,

| phase, aquipped, a5 new, (s

Mies

Yiceroy AEW vert, 347z A" 1, power feed, swivel head, superh condition. ... £97%
Marlow vertical, 28" 7" T, swivel Imorse Eaper haad, axcallent vakid.o.... £695
Bridgeport. 42"x 9771, varl spaed head, power feeds, digital readout.......... 1450
KRY 2000, (Bridgeport copy) vari head, P. feeds, digital readout, mint .........2 500
Adenck & Shipley 1ES, vert/hord, 307x B 1, power feed 16 ovviniinnnn £95)

Eltiote ‘00" oonnienill vert/hoel, 787 7 102" T, power feeid, oo 2975
‘Wareo AJP, (small 167 771, power fead L1500
Arboga, German milvdniL geared head, 227x 1071,

digital diaks, autstanding, L1350
Variovs

Qualters & Senith 6" power hack choice 195
Fagle hand app surface grinder, | Ph £405
Optical dividing haad, cuparh, £105
MHeddings WB4 bench diill 10 spead as new L495

Jones & Shipman 540 surface grinder oiw coolant & mag chwck, ........ove L9590
Fobco TMMks industrial piltar drill, excellent example wcowamemmmmmimmmmnd T

All mﬂ ces + V.AT. Pantexchangesa welcome, other
s available, candeliver nati (High Wycombe)

Telephone 01494 481 682 (day & eves)
Mobile 0775 2659904

TRACY TOOLS LTD.

2 MAYOR’'S AVENUE, DARTMOUTH, SOUTH DEVON TQ6 9NF
Telephone: (01803) 833134 + Fax: (01803) 824588 Credit Card Hotline: 01803 830500 (muinm £1g

EET Ko
1. HDI'.'EL ENG TAPS & DIEQ SET(? Tarr. L FJu\- sach =."a-' (TAPPING TAPS p12
Wx a0, he*wal, e"x a0, he" % a0, w () o x 32 e 32 Wi DAILL SET £8) PLEASE DIES €18
2, "SPECIAL™ MODEL ENG TAPS & DIES (2 55 cuch w2¢) (TAPPING ADD 20% TAPS £22
Wi 32, Yt 40, Wex 40, Wik 40, TATe 92, Ttk 40, Wtk 32, 4% 40 DFILL SET £8 TO COVER WAT, DIES £22
3. BATAP SET 2 Taps each ize), 4B A Die Sel (TAPPING Sy TAPS £10
0-1-2-3.4.5.6.7-8-9.10 &a DRILL SET £5 % POST DIES E20
4, !6 TPITAP SET (2 ":rp& each sqze), 26 TT’I e Set, (BSB or CEI) TAPPING TAPS C1d
w 26, W™ 26, W 26, T 26, %X DRILL SETE5 DIES £10
] BS-F TAP SET ..‘.‘ Ta;—s ea h size), & BSF C-»e Set _[TAFFIH-S TAPS £18
R, T T, %", ‘%" BSF DHLL SET 25) DIES £12
6. Bsw T.lP SET ["‘ Taps aach 'u"oLH. BSW Dhie Sat A'LAF‘FJENH TAPS 18
", W, T, e, U, e, e, T, Te”, T, BSW DHLL SET £5) DIES £20
7. METRIC COARSE TAR SET (7 Taps each aze) L Maine Dus St (TAPPING TAPS £20
20,30,40,60, 60,70 80 90, 100,12 0mm DHLL SET ed) DIES £20

B. UNF (ORUNC)BET'A" W' "W " W TW" %" (TAPPING DHILL

SET EB) TAPS E15/DIES E18

$. METRIC FINE TAPS 14 Taps from 3.0 to 1Bmm Taps £20 sot/Dles £30

DIGITAL VERNIER 6" impimm EACH £25

10. REAMER SET 'a", ", W, %™, Y, %", %', "", %", '&" (Or Metnc) £30

TAPER PIN REAMER SET ("/w' fo u") 10 sizes SET £30

12 COLLET CHUCK com ;d.(n (1o take thread od endmills up to 1° dia)
13. MORSE TAPER SOCKET REAMERS (HS)

Ne. 1 MT @ 215
14. Extra Lang HS DRILLS (Hemsy uty), 10 5225 from Ve 16 Y £6 581

“MT, BB Shanks amT SETETO
No. 2 MT @ £18, No. 2 MT & £20, No. 4 & 5 MT @ £30
STUB DRILL SET (12 p2s Vw18 °%7) LOTES

16, REVOLVING LATHE CENTRES with Thrust Bearings
17. SLATTING SAWS (eat of 3, up 1o " wida, 2° or 3° o/dia} £6 sel

15. REAMER SET. No. 'IMfTup!r Shunk 'L'_ u‘.-. "J-'_ S)“.. uh..I """.. "'h'_ '*-. ""-. e [..-_w] r,-.-l -"’. snh-l N-nl. "“h' u“- ‘_'h nh-' sy
{No. 1 MT @215,

] fu”, */="HES EACH E30
No. 2 MT @ £18, Ne. 3“1’3:15 wach
END MILL SvET' e, T, T fwith 'A" shank) SETL28

21, BALL-NOSE SLOTDRILL SETS %', %" 4" (THEEADED) €42

18. COUNTERBORE SETS, 14, &, 5 amm E30 sel IMPERIAL, 7o, e e, %, Ta, & SET £30
19. DRILL CHUCKS [Réhm Precision) o6 T G C7 e & eB T &e10 Twith free Arbor 1 or & MIT)
20, ENDMILL SET (HS) SCREWED w, %, %, m, o, T, %, Un, % (als0 Shot Dl (sls0 Metnc) SET £20

T-SLOT CUTTER 3ET, %", 4" %" (THEEADED SHANK) SET £14

22, BOXED DRILL SETS (Ye™='%" 1= l3“1rnH'33 £16 Sot  (1=6mmx 0 1mm S EIR  (&=10mmx 0 1mm & £25)

No 1-60 A=-Z SETE18

23. INVOLUTE GEAR CUTTERS [LF. GF. MOD) all sizes £10 each
24. INDEX RH LATHE TOOL "%" %q shank, chw Lip & key BB ench

also AENOLDS GHAIN GUTTERS
Spure Tips EACH E2

25. BOXED SET 0-10 BA TAPS & DIES with holders

High Speed Stesl SET L8O

26. D-BIT SET (8 sizes) ', 'a", ", '4", A", A", ", 4" (High Speead) £28

CARBIDE TIPPED TOOLS 'a"sq (8 pos) SETE1DQ

Ak of

Gwtten ik,
+ Beamers,

HLF I THRERD , Ballsne, Coy

TS & ISETS

, Spottwees, Besaches, Knurk, Cashuie Craftess, Cycte Taps & Dbes, Borng Bars, Lefl B Tap & Dies, L0 iy
SHEING 5oy, Acen Taps, Dishoad Chasers, Socket Boamars. Jbeee o0 g mdie befecrs S0% & 5% o kdorgs
Call 0 193] S5lshs Peen: Momday fo Fraday Sam l‘l{:ﬂl = ol fa Neaa  Denpalch &y refurs. Overseas PSP FGA.  Send for orw comnple e Calairgoe (STinmg Floawe)

o




LATHES

BOXFORD TUD 4'4° w00 F v lch, chlrel siand, Nand e ]
BOXFOMD CUD &1, « 07, chagrataly, 3 o Chich, calenifand ]
COXIOND CUD & = 00 MRIT|, SAvianie, 4wl K0IpoN . A 012590
BOXFOAD AUD 4" « 20° M peades, n-f‘ﬁr-hl.i--lull. HI 157
BOXFOAD BUD 5 » 22 M1, aledwme, power e fed ¥ shiind snms dlle 1400
lﬂlmblbn?:!ﬂwﬂl‘d WIM vty b b i1
BOXFORD 1130 " x 30°, geared hesd, peator powsr leeds, cabret flard, chan machTe i24%

COLCHE STER CHPUACTER @' = 00, ge st carnhis spesd, 1 s stk ises pies, I-q“p-h-m
COLCHESTER GAN TAM 1600 moae| €' 20", peared head, power leects, gearon. ... 1400
COLCHESTER BAN TAN X000, £,' sarem heiphe x 20, benwsan sentms, 1" bom, 36 speeds,
13 sambonk feseg, 3 A4 jaw chaths I very reoe oo IdERN. 320
COLCHTSTIN STUEMNT, 67 2 247 oaned Poad, Matnie | mpe sl Geason, coolsn 1A
COLCMUSTER %M NT S P YLD mE 0 spaadd b forkel, Qadm b, DAt T, """“"k
Fareas taied A& SAp e, Sull Sule ) My chosk, Bpar umng ssalane e e
COLGHES TER S TUEMNT V000 54 * 40F « gap bad, o' ey, 3 A4 e chicks, Dekans poleg, 1a4r
B ring, Gl nhC o Coolant, spiah back, sny niow, el Oal ... " ekl
COLCHES TER MASTEN 0'° & 307, pguam gared e, gowai Seeli, Gig bed . M coche 1 81,440
COLCHMUSTON THIURM Y J000 0" 5 07 full somwat B, 7 & 4 Faw Shichs, MedSad, Lapar Suned,

L] LA
COLCHEETER TRAMIFH J00 T."a -w Nl e s vy g oo el e h‘ i bed, 3 A4 Jaw
ehuch, Buthaon poleg, fae e e i (4 350
DEMFORD B4 3° « 20 o 3w e, s war lnﬂpul.dm}r{d- 50
HARDINGE captun ldm i 506
HARAISON LE, 4% mav, Mrhl-l mwlhlw .. fe30
HARAISON 140, 8%, xaw, AmD MMl T DERTOT, ‘.'-umw badl, powerfends, chmh {1400
HARAISON 140, 8%, x 24, geamd haad, geatox, gag bed, poses leeds, maling, ooolar.... . 1,728
HARRISON ¥ 250, §' = 20, lnng bed, Pearban, power eeds, ahucks. Aserse i DRCH 06 amss ko,

dal dale I ey i ooadenn 1 n‘g-n
MO TMAT 800 20" ¢ 10 = i andt me Yaleg

LITFLI IO N 5" & 24" gharber, pn-q:mnlld 7 o Shuk, & vy Bl poi, cabiet cied l'?‘!
MYFORD WL R 3w 13, changretas s, 3 jaew chock, miaing centm s cuming wok e
MTFORD MLT 3 x W', 0 3-¢mu-m-.m-mumwwww v
NTEORD MUTE 55" % 19, grartor, 3w Shuih ane) S0k . nen
MYFOID WL 25 e L 2 i GPusk nd Boing A1

WYFOND UL 7 L W‘.im—uﬂ. 7 e chepch wend uang

Grooe B - 11190
VTFORD SUPER TR i’ x 19, pearbos, 3 jw chuk and leschng -0

MYFORD SUPER T 7, 1« I¥, chanpembasts, 3 jaw chock asd 1oing - Choiom T1400
NTFORD SUPER 7, 3%" x 1% 3 juw chuck, pomesr romsdoud.. Lt todel Choioe
UTFORD SUPER TB. P4" « 10°, ceator, Powe Sxres Fuad, cabied s, Srcbing. A2

MYFORD SUPER TE. I w31, (ong bed) powaromes feed, ndutionsd hamesed bed, nduswisl s

AN 00FT, OPeS N WATR I 2540

WHWI\W U 24 6 Susos hmcmollh&nhumkmmlni-, b.hﬂ warabe
TS

Speed, SO0RM .

umumumm |I‘.l‘-l mtﬂ.unm-ﬁgwmmm mhuuluu-l
e chiehE coBet Bit, Mo T AT aquipiats owry good cosann §2EUT
TAYL N SPinNING Laste 7° = 517, o spessd mos e machios & Nes Ocler 790
YICEROY TDS 1 G & x 2, mm“'!mmtmb-mﬂmm 11400
o0 MANT LATWES 1O L Te

MILLING MACGHINES v - vertial M- Mocizcom

ADTODC AND SHILEY 15 Al Haad, C0° ¥ AT

Akl i e Ol e, SONMAE 11527

EQXFORD VMEC varabie speed /30 T hoad, tabie 210" 0 0 » alwood rcw aod oot cluch £
ERDGEF DR YT Seres 1 < 2 HP Virisd b speend RS bmoac, powemed {puobos) lalde, 42° « 9 2
ERDGEFOAT Dot Imad I 2pewd (shon o) hed, 8 pows e wariabie sgmmed 42° = B taltip
CENTEC JE Homanml, 1 amer, mbw powersd, 3 pt S RS T O W]
ctuncnmuﬂqﬂuﬂTle nble, petemu o ... [.'Ilm
LLSOT DOWNIHAM e D0 M wery MR Ml e SO [ 0T GOSN AT N Ul (Ol G0 s m
EMTwoullllulmmrquumwma#IH, PO Eed Tt Juualuw
||ua|tll‘ultruulmuwmnnmquuwrw;wm: 140
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HOME AND WORKSHOP MACHINERY

QUALITY USED MACHINE TOOLS

144 Maidstone Road, Foots Cray, Sideup, Kent, DA14 SHS.
Telephone 020-8300 9070 - Evemngs 01959 532199 - Facsimile 020-8309 6311.
Opening Times: Monday-Friday 9am-5.30pm — Saturday Morning 9am-1pm
10 minutes from M25 — Junction 3 and South Circular — A205
www.homeandworkshop.co.uk
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