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PRO
MACHINE
TOOLS LIMITED

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

ACCESSORIES Ceriani 400

Lathe Chucks, Drill Chucks, Tipped N =
Tools, Boring Bars, QCTP HsS Tools, [RAalaRl
End Mills, Slot Drills, Machine Vices, =|S030 Spindle
Clamping Sets, Slitting Saws, Arbors, = Table size -
| Boring Heads, Radius Mills, DROs, 580 x 150mm
Rotary Table, CNC fits, Collet Chucks, = Travel - 420 x
Collet Sets, Flanges, Face Mills, 160 x300mm
Shell Mills and Much More... (XYZ)
= 1.5 KW Motor
= 100-3000 rpm
vari-speed
= Weight - 150 Kgs

T
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> CERIANI <

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

= Optional splash-
back and
safety g —

Ceriani 203 Lathe ‘

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

N I..-Emnm-;_.r s@

L matic EMCO
Habbymaschinen

Maschinenbau

» Semi Norton gearbox e Four selectable feed rates

= Vari-speed option plus screw ﬁ
. t:utting_ (o8 ® =

e —
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TORE MACHINES AND ACCESSORIES ON L]
Our machines suit the discerning hobbyist as well as blue chip industry .

We regularly ship worldwide PRO Machine Tools Ltd.

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

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

WWW.B m CO m a Ch i I'IetOO |S. 00 a U k sales@emcomachinetools.co.uk
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On the

Editor’

Thanks for the Welcome

I'd like to thank the many people who
have wished me well in my new role as
editor. I've only met a few of you face

to face, although it turned out that | had
previously met at least one well-wisher
on a visit to his club. | hope to meet
many more readers in the future. As well
as attending the big exhibitions (I'd love
to mow the lawn, but | really have to

go to Harrogate...) | hope to drop in on
a few clubs around the area. As far as |
know | haven't got a doppelganger, so if
you see me at an event, ME club or one
of our suppliers, please say hello.

Editor’s Block

On the Editor's Bench at the momentis a
‘bench block’, carved from a decent sized
mild steel offcut. Apparently jewellers
use bench blocks for hammering wire
flat, and theirs can be as simple as a
nicely finished chunk of armour plate. Of
course, mine is a fancy engineer’s bench
block. Knurled around the outside, drilled
with several holes of different sizes
and with a v-groove across the top. It is
supposed to be invaluable for all sorts of
jobs. | put a rather fuzzy picture of mine
on the ME forum, in the forlorn hope the
machining marks wouldn’t show. The
encouraging response was “| made one
like that 20 years ago, but | haven't found
a use for it yet”. Well, | have found a use
- a nice paperweight to keep the editorial
in-tray under control.

| haven't found as much time for the
workshop as I'd like recently, but one
other little job | have done is a new,
smaller, drive pinion for the little shunter
pictured last time. | was about to start on
a new 18-tooth gear when | found a
17-tooth one I'd put to one side after
making a hash of a collar on it. With a
bush fitted and the collar turned off, it
was ideal. Hopefully the resulting
increase in pull will get me right round
the Derby SMEE track, if I'm able to get
back there soon.

HARROGATE

Hopefully this issue should be reaching
you just before the Harrogate show in

be looking out for is the SMEE’s ‘Digital
Workshop'. This is a recent initiative by

May. Lou Rex has threatened to pin a large
red badge to me, so if you see me wearing
it, do come up and say hello. One thing I'll

SMEE members who have an interest in
all things digital in their workshop. | may
not have any CNC equipment, but another of my hobbies is microelectronics, so

I’'m very keen to see what they have been doing, particularly with AVR chips and
Arduino boards. If that makes no sense to you at all, I'm assured there will be plenty
of traditional engineering in evidence as well!

s Bench

Rust Never Sleeps

Spring has well and truly sprung, but fair
weather is not always good news for the
workshop. Spring showers, warm days
and chilly nights can be an ingredient
encouraging one of our traditional
enemies — rust! Seven years ago former
MEW editor Dave Fenner started a simple
experiment with rust preventing oils, this
month you can read about his findings,
as well as his advice on preventing - and
treating - the ‘orange peril’.

I'm fortunate to have a well-insulated
concrete workshop, with small windows,
which makes rust an occasional irritant
rather than a major challenge. Others of
us are less fortunate. If you have any
advice of your own on keeping rust out
of your workshop, please write in to
Scribe a Line.

Model Engineer Exibition 2014

This year’s Model Engineer Exhibition
will be held over the 12th, 13th and

14th December. What a marvellous
opportunity to do all your Christmas
shopping in one place? Last year's
exhibition was big success with numbers
up and excellent feedback from visitors,
exhibitors and traders. The new ‘Maker
Fayre’ section was very popular and I'm
delighted to confirm that Marc Barto has
agreed to organise its return again this
year. For those of us who want to learn
more about topics such as 3D-printing
this is a great opportunity.

Finally, | know there is outstanding
work being done to produce workshop
tooling - if you have something you're
proud of or that would be of interest to
you fellows, please consider entering it
in the workshop tooling section. Let's
show the modellers what the toolmakers
can do!

MNeil Wyatt
neil. wyatt@mytimemedia.com

The SMEE Digital orkshop in action.




QUALITY WELSH STEAM COAL
from SIGNAL FUELS

Peas/Grains 6 x12 mm

GRADED Beans 12 X 22 mm WASHED
Small Nut 22 x 45 mm
SIZES Large Nut 45 x 65 mm SCREENED

{all sizes pre packed in 20 kg bags)
We can supp!v from one bag to any quant.-ry requ;red
>»>>>>> to any destination! <<<<<<
For an efficient and friendly service, please contact:
Signal Fuels - 01773 747 027
Trevor Evans - 07974 434 447
Email - signalfuelsghotmail.co.uk

AMADEAL Ltd )

www.amadeal.co.uk

See our vast range of mini-lathes,
bench lathes, milling, grinding and boring °
53 machines, both manual and CNC.
For professional or hobby purposes

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

Tel: '(+44) C2DS 558 4615 or 07887 945717 or (+44) 0208 558 ‘9055

Linit 20 The § ’s, Hainault Road, Leytonstone, London E11 1HD
Monday - anray (11am-4pm) or at ather times by callng for prior arrangement.

includes VAT

*Price does NOT include PSP

Call today)
for yourss..

0844 B‘ﬁS 88 22

It a Job’s worth
doing....

Qver 70 challenging projects
for the small workshop owner.
Proven solutions for:

{:3 Work Holding and Positioning
1:} Tool Holding and Positioning
C} Manipulating Tools

{% Stand -Alone Machine Tools
{:} Drives and Major Attachments

’4@ il
&3 Hemingway

—— N Hemingway Kits
Send £2 = 126 Dunval Road, Bridgnorth
. Shropshire WV16 4L.Z
for our latest _ United Kingdom
workshop A - Tel/Fax: +44 (0) 1746 767739

catalogue Email:info@hemingwaykits.com
or visit our
LRI www.hemingwaykits.com

Hand powered meaifrmi fools

Handy for so many jobs
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Rolling | pe
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Call today for your free catalogue and if you
quote our pramao code”™ MMENGW14, we wil
send you our demonstration DVD free of

J & C R Wood, Dept MMENGW14, FREEPOST NEA15848, Hull HUS 1BR
Tel: 01482 345067 Email: info@jandcrwood.co.uk

OR Visit our on-line store at

www.metal-craft.co.uk




6 SPEED

Clarke ° 5550

LATHE WITH 12 SPEED
MILL DRILL- CL500]

WHERE QUALITY

500 PAGE
CATALOGUE

GET YOUR COPY

NOW:!

ks

INSTORE

COSTS LESS

& s ENGINEERS

Clarke
MILLING 79% ! BENCH VICES

= A range of fixed and swivel
DRILLINGE S 72 Tl vices with top quality
MACHINE & cast iron construction
- CMD300 e |
= Bench mountable, tilts 45° ]
left & right from vertical
Sglndle speed 0- 2500r|:m

* Table tmve} 100)235mm
= Table Effective Size
LuW: 92 x 400mm

MICRO MILLING
& DRILLING
MACHINE

* 150w/230v motor * Variable

gpeed 100-2000rpm = MT2 MECHAN

ICS
i i PROFESSIONAL
S“'E%T%B‘?ﬁtmaimll'mmm TOOL GHESTS/

I abr{acfﬁ vl S0mm CAB NETS ®
ongitud oo
., travel 180mm MAX

BALLooooSO
* Precision engineered BEARING 3555,
metric milling/drilling e
with cast iron head,
base & column
= 16mm drill chuck

niMs &
MODEL  DESC.  WxDxhimm) EX VAT INCVAT
(DCTCEO08 6 Drchest G00R0X3A0 5200 £63.50
crcm BDrchast I0N560380 €54.00 £77.00
BTEXAIRTT0 £110.08 £143.08
crcm BDr s1mma?usmm:zm
chesticab set
(@)CTCTO08"T Dr cabineth| (A30x8T5 £120.08 £155.98
CTCI3008 130r 62063301320 £140.08 £170.08
chest * Was £167.98
. WORKSHOP

NE Smzrrimg

FCS00F "2 fon folding £144.09 £173.09

CFCiBIJ 1ton folding  £140.98 £170.98

O tn  £180.08 £27.08
Iomg reach

* Folding and fieed frames available

* Robust, rugged construction
= Overlcad safety
vaive

F=Floor standing
MODEL  WATTS/ EX VAT INC VAT
SPEEDS ?

 — “TURBO AIR

HMaster™ coMPRESSORS
BUGE CHOICE OF Al
msssmrnunsﬁ‘ |

BENCH GRINDERS
Clarke ;
ideaPem Dr%ngobby

= Stands come nomplete wﬂh bult mountings
and feet anchor holes @57 YT T T3 ]
ﬂlﬂ"ﬂf”ﬂ AT

6”& 8"
" AVAILABLE
CBGBW features WITH LIGHT %

8" whetstone &
6"d .
#With sanding belt

* Inc one grinding &
one wire wheel

PRICE CUT

| “Stationary bel driven 95mw
MOTOR CEM TANK EXVAT lmr

15Hp 62 24 £79.08
b ol 50080 £107.8
2Hp 78 24iir £99.98 £119.09
15Hp B3 24iir £109.08 £131.99
b 95 z»m,- £110.09 £19.59
Ol £139.98 £167.99
25 gs smustmaslmm
TECIED" 3 50 £449.00 £502.80
£67.10) tmsmasmwammmmw

ENGINEERS HEAVY .
R Y moscves |Sir
e <ty bt e sl E&L&Efsssgmmy :
STEEL SHELVING
» Simple fast assembly in
minutes wsing only a kamme
EROM ONLY

Bhowm fitted with

optional 3 drawerg

unit ONLY

£84.99 B.VAT

£101.99 Inc.VAT
ICE CUT

"Wmi!z"lﬂE‘J!l
DIMS

'W‘IDIH mm) _ EX VAT INC VAT
CWB1000B™ 1000x650xB80 E149.98 £179.98
CWB1500  1500x650x880 E£199.98 £230.98
CWB2000B  2000x650x880 £259.98 £311.98

TAP & DIE SE

MEASURING
EOUIPME NT

rmml
*11;
SCRIPTION

.88

= NG

MODEL DE! EX VAT NG VAT
CMT00  150mm/6" Vernier Caliper £9.98 &1
CM1B0  0-Z5mm Micrometer ~ £9.98 £

CONH45 150mm/6" Vemier £16.00 £20.30

CM2E5 _ 300mm/12" Digital Vernier £36.09 £44.30

. STATIC PHASE
CONVERTERS

# Supplied in
etal storage
case, except 16pce
EX VAT NG VAT

£1400 £1709
£1908 £2308
£2300 £28.70
£31.09 E!&':!l
[2pce £41.00
#2Bpce Best Budget Buy, 33pce
Recommended: mcs

Glarke 7

_TOOLS
CAT2AB

HWMNI.‘I

HUGE

CHOICE
IN-STORE/ONLINE B *2 1 i%w [5:
DESCRIPTION  EXVAT
Air Hammer £17.09
Die Grinder 5et ~ £21.99
6" Dual Action Sander £26.90
142" 8q. Drive Rafchet £29.98
3" Alr drill £29.08
AT23C 12" Sq.Impact Wrench £20.98
\ m !xtpw waasmm £36.00

mm MAX.MOTOR  FUSE _ EX. VAT INC.VAT

ZHp 10amps E229.00 E274.80
D‘.D 35Hp  20amps £268.00 £320.80
PCE0 5.5Hp 3251115 £310.00 £382.80.

Clarks PSR

HYDRAULIC

Glarke LIFTING TABLE:

* [deal for lifting &
moving models T §
. Fmt pedal operated

FROM ONLY
£31 04

Kit includes:
= Height adjustable stand with damp = Rotary tool
« 1m Tlexible drive « 40x accessories/consumables

CORDLESS ROTARY TOOL WITH 262 PIECE KIT ALSO
N STOCK, DMLY £34.99 EX VAT £41.99 INC.VRT

M EX VAT INC VAT
300ky  340-900mm E250.00 £310.80)
HTLE00 500kg  340-900mm £279.00 £334.80

Clarke PoLisHING KiTs

* Kit Inc; Tapered spindle, .
{:Uroured mop for initial

cleaning, pure cotton mop %

for high polish finish &

polishing compound .
4" £10.98 Ex VAT £23.98 Inc VAT
6" £24.90 Ex VAT £29.90 Inc VAT
8" £20.08 Ex VAT £35.98 Inc VAT

= |deal for hﬂmg modals
MODEL  CABLE MAX LOADE

1&
2
m
4

IQ!T EX VAT INC VAT
FROM ONLY

440008 smua
*232%

‘HM £90.98£119.98

VISIT YOUR LOCAL SUPERSTORE 2\ Vol risoen, mm

EXETER® 16 Trusham Rd.
GATESHEAD 50 Lobiley Hill Rd.

BARNSLEY Pontefract Rd, Barnsley, 571 1EZ
B'HAM GREAT BARR 4 Bimingham Rd.
B'HAM HAY MILLS 1152 Goventry Rd, Hay Milla GLASGOW 260 Gt Western Rd.
BOLTON 1 Thynne &t. BL3 BBD0

BRADFORD 105-107 Mannlngnam Lana BD1 3BN 012?4330%2 GRIMSBY ELLIS WAY, DN 32 9B
BRIGHTOM 125 Lewes Ad BN2 308 01273916999 HULL 8-10 Holderness Rd
BRISTOL 1-3 Church Ad, Lawrence Fill. B35 80J 0117 9351060 Lawranua BES 8] IJI I? 935 1060

01226 732297
0121 358 7977
0121 7'."1

B 1 Ipswich Trade Centre, Commercial Road 01473 221263

CllllllFF44-4S CI Rd. CP24 30N

CHESTER 43-45 5t James Strest. CH1 3EY
COLCHESTER 4 North Station Rd. C01 1RE
COVENTRY Bishop 5t V1 1HT
CROYDON 423-427 Brighton
DARLINGTON 214 Northgate. DL1 1RB
DEAL 182-186 High 5
DERBY Derwent 5t. DE1 2ED
DONCASTER Wheatley Hall Road
DUNDEE 24-26 Trades Lane. DD1 3ET
DINBURGH 163-171 Piersfiald Terrace

22033

OPENSHAW Linit 5,

B06
NES 4XA
E:]

MANCHESTER ALTRINGHAM 71 Manchester Rd. Altrincham l18| 9“2“5
MANCHESTER

MIDDLESBROUGH Mandale Triangle, Thomaby 01642 677881
Minimum call charges from a BT landline are 5p/min to 0844, Calls from |
For security rpasg'ls calls may be monitored. All prices correct at time of going to press. We reserve the right to cf

Lk TR CEN NOBWICH 2823 Heigham St. NR2 417 01603 766402
NOTTINGHAM 211 Lower Parliament St. 0115 956 1811
PETERBOROUGH 417 Lincoln ield 01733 311770
PL4 SHY 01752 254060

. Parkstone 1202 717913

PORTSMOUTH 277-283 Copnor Rd. Copnor 023 9265 4777
PRESTOM 53 Blackpool Rd. PR2 6EU 01772 T03263
011323 0400 SHEFFIELD 453 London Rd. Heeley, S2 4HJ (114 268 0831
SIDCUP 13 Blackfen Parade, Blackfen Rd 0208 3042069

023 8055 7788

SOUTHEND 1138-1141 Londaon Rd. Leig‘h on Sea (1702 493 T42

01244 311258 LONDON CATFORD 259/291 Southend Lane SE6 3RS 0208 595 5684 STOKE-ON-TRENT 382-396 Waterloo Rd. Hanley 01782 207321
(ONDON & Kendal Parade, Edmonton N18
07 Lea Brid e Rd.
3y, Docklanda

mmm SUNDERLAND 13-15 Ryhope Rd. Grangstown & 5108773
SWANSEA 7 Samlet Rd. Llansamlet, AT 9AG 01792 792969
SWINDON 21 Victoria Rd. SN1 3AW 01793 4T 7
TWICKENHAM 83-85 Heath RA.TW1 4AW 020 8892 $117
WARRINGTON Unit 3, Hawley's Trade Pk. 01925 630 937
hton Oid Rd 0161 2238376 WIGAN 2 Harrison Streef, WNS 9AL 01942 323 785
D623 Gz2zie0  WOLVERHAMPTON Parkield Rd. Bilston 01902 484186
WDHGBG‘I’EMEa Upper Tything. WR1 1JZ 01905 723461
biles and other networks 1
inge products and prices a

n E10___ 02086588284

fioiirer)
0844 880 1265 g
DNLINE

w.machinemart.co.uk

w METAL LATHE

* 300mm between centres ® LH/RH thread
screw cutting = Electronic variable speed

* Gear change sat = Serr centering 3 jaw chuck
& guand CL300M

} COMPACT
PRECISION LAT!-IE

. \‘ariale speed
= 250mm between centres

Clarke MG
All models incluge: W ELDER
= (3as regulator = Earth e
clamp = Face mask

{

s ARC/TIG
INVERTERS
rg u?} * Low

i

* auto bodywork & mild/

j I stmnless mm‘r
ik
‘1 7 Qi

EX VAT [NC VAT

ARC ACTIVATED
HEADSHIELDS

= Activates instantly
wien Arc is struck = Prof
to EN379 = Suitable for arc, MIG &TI6 welcrmg i

m DRILL BIT

SHARPENER
= Suitable for 3mm to 10mm H3S

drill bits, one at a time = Voltage:
230V ~ BOHz = Wattage: 70W

Ti= Speed: 1600r

OPEN 7 DAYS
3 EASY WAYS T0 BUY..

IN-STORE
64 SUPERSTORES

ONLINE
www.machinemart.co.uk

MAIL ORDER
0115 956 5555

CLICK &)
COLLECT

y Vary.
py time. All offers subject to availability, E2OE.

amp operation - ideal for =5
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See page 22 for dblais.
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Coming up...

X

in the July issue

UNIVERSAL PILLAR TOOL REVISITED

David Graves brings the Universal Pillar

Tool into the 21st Century.

m Using the mill as a lathe with Alastair Sinclair,
the benefits of 3D CAD and much more...

Regulars

3 ON THE EDITOR’S BENCH

News from the Editor.

44 READERS’ FREE ADVERTS

Unmissable offers from your fellow readers.

46 SCRIBE A LINE

Readers letters and emails.

ONTHE COVER  J»

Former MEW editor, Dave Fenner,
with his latest project; restoring a
rusty Porsche 911 Targa.
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THE MACAZINE FOR THE HOME WORKSHO P MACHINIST

THE MOST VERSATILE TOOL FOR TURNING & FACING

It's easy to see why our best selling turning tool is the SCLCR. It can turn and
face a bar without altering the toolpost, and the 80" nose angle gives much more
strength than a 60° (triangular) insert. The NJ17 insert cuts steel,
stainless, cast iron, phosphor bronze, aluminium, copper, brass _
etc, Please state shank size required - 8, 10 or 12mm square.
Spare inserts £6.22 aach for 8-10mm tooalz, £7.22 for 12mm.

SPECIAL OFFER PRICE £39.20
USE THE OTHER 2 CORNERS FOR ECONOMY!

Our SCRCR rough turning tool uses the same inserts as the SCLCR
tools above. The good news is that it uses the other two corners! These |
very strong 100° corners are rigid enough for rough or intermittent
turning. The insert is mounted at 757 to the lathe axis. 10mm sq section
(for CCMTOG insert) and 12mm section (for CCMT09 insert). A

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

If you need to create complex shapas, our SRDCN button tool is invaluable, The
10mm square shank holds a Smm dia cutting insert, and gives great versatility,
superb strength and excellenttool life. The late Mr D Hudson of Bromsgrove SME
used these tools for many years to profile the special form 6

of tyre treads for his self-steering wheel sets with great

consistency. Spare inserts just £5.72 each,

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

The SDJCR tool uses a 557 insart, allowing access to small diameter components|
when using a tailstock centre. It can also profile back-angles. o h

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

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

Here's your chance to owna top quality boring bar which
our standard CCMTOS insert. Steal shank bars can
amm 10mm  lgenerally bore to a length of approx 5 times their|

Bar Dia, | Min Bore

10 mm 12 mm [|diameter. Please stale bar dia reg'd - 8, 10, 12 or 16mm.
Spare inserts just £6.22 sach. "y

12mm 16 mm "

16mm | 20mm [SPECIAL OFFER PRICE £42.58 )

WAKE UP FROM YOUR NIGHTMARE WITH KIT-Q-CUT!

The original and famous Kit-Q-Cut parting tool fits the vast majority of ME lathes,
including ML7 & ML10 machines, regardless of toolpost type. Th can
effortlessly part through 1.5/8" dia; bar. It comes complete with
key to insert and eject the tough, wear resistant insert.
Cuts virtually all materials. Spare inserts just £9.92 each.

SPECIAL OFFER PRICE £65.50 #
55° NEUTRAL THREADING and PROFILING TOOL

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

SPECIAL OFFER PRICE £39.90
TITEX 90° TiN COATED COUNTERSINK SET

This B-piece set of Titex 3-flute, 90° HSS countersinks
represents exceptional value for money. The relief ground
tools cut without vibrating or scoring, giving accurate
centring and goed chip removal. For deburring,
countersinking and chamfering of holes, e.g. for screw heads
andrivets. Also suitable for cylindrical counterboring of screw
holes and chamfering of tapping holes. Titanium Nitride
coated for improved tool life and surface finish,
The set comprizes one of each size, 6.3mm, 8.3mm, 10.4mm, 12.4mm,
16.5mm and 20.5mm, and comes boxed in a plastic presentation case.

SPECIAL OFFER PRICE £49.950
DORMER DRILL SETS AT 60% OFF LIST PRICE!

All our Dormer drill sets are on offer at 60% off list price. The Domer AD02
self-centring, TiN coated drillz are alzo available to order individually in Metric
(1.0mm to 13.0mm in 0.4mm increments) and Imperial (3/64" to 1/2" in 1/64"
increments) sizes. Please see our web site for details and to place your arder,

TURNING, EORING AND PARTING TOOLS COMPLETE WITH ONE INSERT

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

& HBES

G R_l_]_ENW(j()D TOOLS
Greenwood Tools Limited
2a Middlefield Road, Bromsgrove, Worcs. B60 2PW
Phone: 01527 877576 - Fax: 01527 579365
Email: GreenwTool@aol.com

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




A Fixed Steady for

the Hobbymat Md65

Alan Wain was unable to buy a fixed steady for his Hobbymat lathe, so he built one
to his own design, the method of attachment also providing other useful functions.

The Hobbymat MD65 is a useful little lathe but, like any product, it does
have its limitations. One that | have found irritating is the lack of a fixed
steady and this really came to the fore when | planned to manufacture a
collet chuck to fit a Jacobs taper. The length of this combination is too great
to achieve the required concentricity without support. A temporary steady
could serve but would still need attaching to the lathe bed somehow. For
those not familiar with the Hobbymat, the bed is of round section with a

flat top (D shaped, | suppose) so the single bolt clamping method common
to most lathes is not possible. Searching the internet, the only reference

to a fixed steady that | could find associated with this machine was a
photograph of an aluminium casting with a U bolt that looked far better
suited to keeping a TV antenna in place. Although | had considered this
method of attachment, it looked fiddly to set up and far too Heath Robinson
to be very effective. No, a better method was needed.

Fig. 1
ltem 7 ——— | __—Part of fixed steady Item 6
shown for reference

Item 3 S b
ltem 5 ——|

~,
ltem 2 —_—
Item |

Accessory base

Item 4

/

General Arrangement
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Design

As previously stated, the Hobbymat has a
round bed with a flat top. The cross-slide
base and tailstock are bored to a sliding
fit on the bed and kept in alignment by
anti-rotation pads, segments of what
looks like nylon bonded inside the tops of
the bores. The lower side of each bore is
slotted axially to allow adjustment of fit
and locking onto the bed by forcing and
setting screws acting upon the slot. If this
method is satisfactory for the tailstock,
then it must surely be sufficiently sturdy
for a fixed steady. However, to fit the
steady, the tailstock and saddle would
have to be removed, which would make
fitting even more tedious than the U-bolt
idea. To me, the best solution seemed to
be a base permanently fitted to the bed
and stowed under the chuck when not in
use, positioned and used to mount the
steady when required. Other uses for the
base that quickly sprang to mind include
a carriage stop and dial gauge bracket.

A session of measuring, and measuring
again, provided enough information to
design the arrangement in fig 1, which
only shows the bottom of the actual
steady frame. Photograph 1 shows an
initial test of the completed steady. The
drawings reflect the measurements taken
from my lathe, | would advise anyone
embarking on this project to check their
own machine and adjust measurements
accordingly.

What | call the accessory base is the key
part of the project. Except for the bore
diameter and nylon pad, dimensions are
not critical to operation. Material for the
body of the base is cast iron, in common
with the cross-slide base and tailstock.
Base dimensions above, below and to the
rear of the bed bore were kept the same
as for the cross-slide base, as much for
aesthetics as mimicking the shape of the
existing castings. | would have preferred
to replicate the front protrusion also but
the only suitable piece of cast iron to hand
wasn't large enough. A fixing screw was
not considered necessary, owing to the
limited width, so only a pinch bolt is used
to clamp the base in position along the
bed. The nut that secures the steady to the
base may seem overly complex but is
necessary to minimise the stud height to
satisfy the stowage requirement. | elected
to fit the dowels to the base rather than
leave alignment holes that would
inevitably have gathered swarf that would
be difficult to remove from the base in its
permanent home. Blanking plugs could

Model Engineers’ Workshop



have been made, of course, but discipline
is needed to use them!

The detail of the actual steady is of minor
consideration. | originally intended to
adapt Harold Hall's design (ref. 1), but
instead opted to do my own thing and
avoid the complication of constructing a
frame that opens. The width of the fingers
on mine was dictated by the piece of 0.375
inch square phosphor branze bar that |
had in stock. | show the size as 10mm in
the drawings, so as not to offend readers
who hate to see metric and imperial
dimensions mixed.

Construction

The following account details my method
of construction, which is not necessarily
best practice. | have little doubt that

the job could have been done far more
professionally and probably more easily,
which | am sure will be the case if anyone
chooses to follow this design. With my
bench drill temporarily out of use for
‘modification’, the whole job was carried
out on a Hobbymat lathe which, to say the
least, proved tedious at times.

Gauge and jigs
I will cover these items first, although |
made them as required.

If inside measuring instruments are
available, a plug gauge for the 40.0mm bore
isn't absolutely necessary but is a useful aid
and doesn't take long to make. Face and
turn 256mm of a 50mm (ish) length of mild
steel bar as accurately as possible to
40.0mm diameter, reduce the diameter of
the end 5mm to 39.5mm to signal the
nearness to finished size. Job done.

Without the luxury of a mill, | deemed a
drilling jig, sketch 1, essential to ensure
that the fixed steady and any other
accessories | may wish to make in the
future will fit the accessory base
accurately. This is just a piece of plate with
perpendicular holes drilled as accurately
as possible and two dowels glued in with
one of the stronger anaerobic adhesives (|
used Truloc 231) protruding equally
through both sides. The size of holes is not
that important; | chose 4.0mm but holes
‘B’ could be larger. Given that drills tend to
cut oversize, the dowel holes are best

Testing the steadl.

Hobbymat Steady "

Searching the internet, the only reference to a fixed

steady that 1 could find associated with this machine was

a photograph of an aluminium casting with a U bolt that

looked far better svited to keeping a TV antenna in place.

drilled slightly undersize and reamed for
best fit. | made a ‘D’ bit from the same
length of silver steel used for the dowels.
As an aside, | would recommend anyone
who hasn’t made a ‘D’ bit to have a go;
you will never regret it. Just make sure
that it IS silver steel you are using; it is
very frustrating to make a lovely tool, only
to find that it won't harden! Getting back
to the job; when finished, mark the
intended orientation and top or bottom so
that it is always used the right way

June 2014

around, and the right way up when drilling
accessories to mate with the base. Identify
its purpose somehow and store it safely
for future use.

Although covering this now, the drilling
button, sketch 2, is really best left until
after the finger slots have been milled,
when a good fit is easier to achieve by trial
and error. This is used to centralise the
tapped holes for the finger screws in their
slots in the body of the steady. It is a
simple turning and drilling job on an odd

Sketch 1 Dowels
b e
| |
I |
| o [
1 |
I Stud position | |
p— ] _r S— i,
D k) (e
= 25 b5 "
SKI - Drilling Jig
Mat'l: 5mm or 6mm mild steel plate & silver steel dowels
Drill 03.3\|
i

e

0.5 less than j
Finger Slot depth

—-Ls
-

Turn for snug fit in

milled Finger Slots

SK2 - Drilling Button
Mat’l: Mild steel

Sketch 2




end of steel that is too small for anything
else. The hole is 3.3mm because that is the
tapping size for M4; change the size to suit
whatever finger screws are used.

ltem 1 - Accessory base body
After marking out the outside dimensions,
saw away surplus material to leave a
slightly oversize rectangle. Don't cut too
close to the lines and try to cut as square
as possible. Machine in the four-jaw chuck
until all faces are square to each other
before finally machining to size. | started
by ‘facing’ the two flat surfaces until they
were parallel, then took quite some time
to machine a little at a time from each
edge, checking for square, re-chucking and
machining a bit more etc.

Using what is to be the top edge as a
datum, scribe the centre and continue this
down the front face to mark the centre line
of the 40.0mm bore, then scribe, and
centre-punch the centre position of the
bore. Centre-drill this punch mark; in my
case, | did this with the work positioned
and clamped to the Hobbymat angle plate
on the cross-slide. Set up again in the
four-jaw, using a centre in the tailstock to
support the work whilst the jaws are
adjusted; | adjusted the final position by
easing the pressure of the centre, turning
the chuck and observing the tiny gap
between work and centre with a loupe.
Because the edge of the finished bore is
only 5mm from the top edge, sufficient
packing is essential under this jaw to
prevent the boring tool contacting the jaw
as the bore nears finished size, the packing
also serving to protect the top edge. After
drilling to the largest size of drill available,
rough out the bore until it starts to look
near to size. Offer up the thin end of the
plug gauge prepared previously and
reduced the depth of cut to around 0.05mm
per pass until the smaller diameter of the
gauge enters the bore. From there, reduce
the depth of each cut further and continue
boring, taking one or two spring cuts at
each setting, until the major diameter of
the gauge just enters. In my case, even
after taking so much care to arrive at the

Machining clearance for the leadscrew protective tube.
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ltem. 1 60

Drill & ream @6
for dowels ltem 5

(also see text)

|
|
'
|
s
'
I
|
|

Tap M8 x 1.25,20 deep/

Item | - Accessory Base Body

Mat'l: Cast iron

/DriIIQJB.I. c/bore @13 x 5 deep

right size bore, the gauge still entered a
little more easily than | had intended.

With the bore complete, mark out and drill
the pinch-bolt hole, in stages, to 6.7mm
diameter. | know that M8 tapping size is 6.75
but the drill will more than likely cut oversize
anyway. Open out the pinch-bolt hole to
8.1mm diameter and 31.0mm deep, then
tap the deeper part of the hole M8 x 1.25,

finishing with a plug tap. The counter-bore |
cut using a 13mm end mill. | carried out all
of these drilling, tapping, counter-boring
operations from the headstock, with the
work clamped to the angle plate; it may
have been easier to put the work back into
the four-jaw, in which case, the counter-bore
could have been bored. The depth of the
counter-bore isn't critical or even essential; it
just hides where the clamp screw would
mess up the paint finish.

The clearance cut-outs for the leadscrew
protective tube and leadscrew guard
{called ‘spindle guard’ in the handbook}
can be either milled or filed; | chose to mill
them. Mark out their positions and shapes
if filing, or just the centre heights if
milling, using the top edge as the datum.
Be careful to keep marking out within the
boundary of the cut-outs where it will be
machined or filed away.

To machine the leadscrew cut-out, clamp
the work overhanging the rear edge of the
vertical slide (top slide mounted on the
angle plate), using a square off the bed top
to ensure vertical. Use bolts in the tool
clamp mounting holes through a suitable
length of drilled flat bar as a clamp. Adjust
the top slide to align the scribed cut-out
centre height to a centre in the headstock
then lock the top slide. | doubled up on
security for this operation and used a
G-clamp to keep everything in place. A
26mm end mill is not something the
average Hobbymat owner is likely to have,
me included, so | used a home made fly
cutter set for 13mm radius to machine the
cut-out. Set the cutter to the edge of the
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work and zero the cross-slide dial (taking
up the backlash). Traverse the work using
the leadscrew and advance the depth of cut
for each pass using the cross-slide, until
the required depth of 6.0mm is reached, i.e.
six full turns of the cross-slide hand-wheel.
By taking only shallow cuts, this was a
surprisingly drama-free operation for the
Hobbymat and didn't take very long.
Photograph 2 shows this in progress, along
with the crude clamping arrangement.
Filing would suffice but the home made fly
cutter is easy enough to make, does a nice
job and will find other uses.

l used a 10mm end mill to machine the
shallow rectangular cut-out for the
leadscrew guard, with the work mounted
vertically and the edge being machined
towards the chuck. Once set to the correct
height, again to a centre in the headstock,
traverse with the cross-slide and control
the depth with the leadscrew. To mount
the work | used a machine vice that came
with the lathe. This so-called ‘machine
vice is not brilliant so | used a stub of
¥-inch silver steel against the moving jaw
to mitigate lift and gently tapped the work
flat to the base of the vice. For those
without a machine vice, the work could be
clamped directly to the angle plate but it
would be more tedious to set on centre
height whilst keeping the work vertical.
Once again, very shallow cuts are
necessary because the Hobbymat lacks
rigidity for milling. Fortunately, not too
many passes are required to reach the
2.0mm depth required.

The next operation on the base is to cut
the axial slot into the underside. Choose
your favourite (or only) method for this;
mine happened to be a hack-saw, using two
blades in the frame to achieve the width
required. Finally, break all sharp edges.

Fit a suitable length M8 cap head screw
into the pinch-bolt hole to test the clamping
action onto the plug gauge; the fit on mine
was very satisfactory, despite my fear of it
being oversize. Leave the gauge clamped
inside the bore for the final operations,
drilling the dowel and stud holes.

Using the centre line previously scribed,
mark and lightly centre-punch the centre of
the top edge for the stud position; this must
be truly over the centre of the 40mm bore.
Centre drill, then drill 4.0mm or whatever
size you chose for your drilling jig. Ensure
that this hole is truly vertical hence the effort
spent in making sure the job was square to
begin with. Using the same size drill, centre
the drilling jig (Sketch 1) onto this and firmly
clamp to the face by the dowels. With the
correct size drill in the chuck, drill through
both outer holes in the jig. Remove the jig
and individually align each hole again to
open them up to 6mm for the dowels,
preferably finishing with a reamer or the
aforementioned ‘D’ bit. At this stage, also
open up the stud hole to 5.0mm, counter-
bore 6.0mm for the first 0.5mm and, finally,
tap M6.

Item 2 - Anti-rotation pad

Face and then turn the end of a piece

of black nylon bar as accurately as
possible to 40mm diameter for a length of
approximately 25mm; mark this end with a
pencil to identify the side which is square
to the machined diameter. Either part off
at 20.0mm long or, as | did, hack-saw off
and reverse in the lathe to face to 20.0mm
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length. Mark out a segment with a 10.0mm
height and saw off oversize. The disc will
make more than the one pad, so it is worth
putting the remaining material somewhere
safe in case it is needed in the future.

Set the top slide parallel to the bed and
remove the tool clamp. Retract the top
slide for minimum overhang and lock. Use
one of the tool clamp holes in the top slide
to clamp the blank, pencil mark down,
overhanging the end of the top slide with
approximately 1.0mm clearance to
machine down to the 10.0mm mark.
Ensure that it is clamped securely and
cannot twist under the clamp. Fly cut the
flat base of the anti-rotation pad, taking
quite small cuts so as to minimise
deflection that could result in an out-of-
square base. Measure the height
frequently, resetting the lead screw dial
accordingly, and aiming for a final cut to
arrive at exactly 10.0mm height.

Assuming you now have a segment of
nylon to the correct dimensions, mark the
longitudinal centre on the curved top. | did
this with a digital calliper from each side to
give two very close parallel lines. Set up the
machine vice on the vertical slide, once
again setting vertical with a square off the
top of the lathe bed. Mount the pad
vertically in the machine vice, using parallel
packing below the base to allow the top to
stand clear of the vice jaws by around 3mm.
With a centre in the headstock, adjust the
cross-slide position to centre between the
previously marked parallel lines and lock the

i |—Drill @5 exactly

on centre

>

Item 2 - Anti Rotation Pad
Mat'l: Black nylon
ltem. 2

Hobbymat Steady "

cross-slide. Now for the critical part; adjust
the vertical slide to set the maximum height
of the pad to lathe centre height, using the
well-documented method of trapping a
short ruler or other piece of flat steel
between the centre and the work. | checked
the distance from the face of the chuck to
the ruler using inside callipers, adjusting
until equal. Lock the vertical slide but check
again for correct position, in case anything
moved. Centre-drill and drill through
5.0mm. Very lightly countersink the
resulting hole, just sufficient to take off any
burr. Remove from the machine vice and de-
burr the hole where it exits the base.

Item 3 - Nut

This itern may seem out of sequence

but, if made now, can be used to assist
with making the stud. The nut is a simple
turning, drilling and tapping job, which

| will not describe, but some form of
gripping surface on the large diameter is
advisable. A knurling tool is on my wish list
but nearer the bottom than the top; as an
alternative, | elected to machine grooves
in the nut as shown on the drawing but

| don't have a proper dividing device
either. To work around this, | devised
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the rudimentary arrangement shown in
Sketch 3. The angle plate supplied with the
Hobbymat has a 15.75mm hole on centre
height. | made a stepped bush to fit this
and the 20.0mm bore of a 60T change-
gear, making a key for the change gear
from a short stub of 4mm silver steel glued
radially into the larger diameter. The stud
through the bush, washer and nut serve to
mount the work and lock the bush to the
angle plate. The detent | made from a piece
of steel sheet, suitably bent and screwed to
one of the holes in the angle plate provided
for mounting the top slide.

With the nut firmly screwed onto the
protruding stud with a lock washer, the
grooves were machined by advancing the
work onto a 6.0mm end mill, whilst the
depth is preset by the cross-slide. This
arrangement did the job (photo 3} but is not
ideal because the milling cutter tends to
unscrew the work piece, as | found the hard
way. To do the job again, | would probably
use a much smaller cutter and more
divisions to reduce the torque on the work.

To be continued...

1. Using a Lathe Steady, Harold Hall,
MEW 174, March 2011)

Machining grooves in the nut.

A Toolmakers Hammer Revisited

Derek Spedding makes a tasteful and effective
tool from one of our earliest free plans.

ay back, over 20 odd years ago,
Win one of the early MEW editions,

(issue 8 December 1991-January
1992), there appeared a free pull out
drawing for an excellent Toolmakers
Hammer by Derek Winks. It was intended
for setting out centers for drilled holes
with a dot punch in locations where it was
impossible to use a conventional optical
center punch.

At the time | resolved that one day |
would set some time aside to make one of
these handy little tools as much for the
looks as the functionality. Recently after 5
years of retirement and eventually having
a little spare workshop time, due to being
hemmed in by snow, | finally managed to
get the time to build one (photo 1).

| had saved a lens from a broken
jewellers eyepiece sometime over the
intervening years and built a housing for it
in brass as per the drawing. The lens was
housed between 2 o-rings to give it partial
shock resistance (photo 2).

All of the construction followed the
original instructions with allowances for
metrication and available materials from
the scrap box. The handle was turned and
shaped from a piece of unknown hardwood
that | found in the depths of my shed.

If you Google ‘toolmaker’s hammer’ you
will find an American all metal version
that does the job, but has no where near
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the ornamental ms_
antique look of Derek |
Winks’ version.

| have found it so
useful | don't know
how | managed
without it. Like most
of us the story was
getting the punch in
the right place on the
scribe lines with the
help of a magnifying
glass, then putting
down the glass, trying
to hold the punch in
position then feeling
around for the
hammer, picking up
the hammer and - =
just before striking —
the punch slips OI.Igt of ;E'-—::::_ -
position. Repeat the
operation several times with much bad
language until you get it right - only to find
that you are not quite spot on!

MNone of this now! Line up the punch
through the lens and with a leisurely tap of
the hammer all is done. All done in one
operation, accurate - and ready to finish
with the heavy centre punch.

Maybe it's time to re-issue the drawings
for this most useful tool and possibly a
family heirloom to boot. B
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Design and CNC Machining /&g

of Straight Tooth Bevel Gears .

This article discusses the design
and CNC machining of straight
tooth bevel gears. The project
arose as a consequence of the

two 4 inch scale traction engines

| am building. | did not agree with
some of the dimensions given on
the drawings for the bevel pinions,
gears and differential centre.
Before spending time machining
the bevel gears and differential
centre it seemed sensible to
understand the design of the bevel
gears and thus be able to confirm,
or reject, the dimensions given on
the drawings. Little did | know how
long the exercise would take!

*‘.’d‘

Andrew Johnston took up the challenge of machining
some large bevel gears for 4 inch scale traction engines.

Bevel Gears as Truncated Cones

Fig. 1

Description of Bevel Gears
Spur gears can be represented by two
cylinders that just touch, with diameters
equal to the pitch circle diameter (PCD)
of the gears, and lengths equal to the
width of the tooth. In this article gears are
described in terms of diametric pitch (DP),
as the drawings | am working with for the
traction engine are imperial. The diametric
pitch of a gear is the number of teeth that
would be on a gear with a pitch circle
diameter of 1 inch. The larger the DP the
smaller the teeth. For instance a spur gear
of 20DP would have 20 teeth on a gear
with a PCD of 1 inch, but a gear of 40DP
and a PCD of 1inch would have 40 teeth.
This article is limited to straight tooth
bevel gears whose axes intercept, in the
most common case, at 90 degrees. Bevel
gears can be represented by two truncated
cones whose axes intersect at 90 degrees
and whose outer diameters are
determined by the pitch circle diameters at
the outer end of the respective bevel
gears. These diameters are defined by the
number of teeth and their diametric pitch,
in exactly the same way as for spur gears
(fig 1). This is an important point; straight
bevel gears are designed using the
diametric pitch at the outer end of the
gear. The tooth shape of the bevel gear is
based on the involute curve, in a similar
way to spur gears. However, unlike a spur
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gear the tooth size varies across the width
of the gear. Since two cones can represent
the bevel gears, meeting where the axes
intercept, the size of the tooth varies from
a maximum at the outer edge of the gear
to zero at the point where the axes
intersect. It is important to understand that
the shape of the tooth does not vary, just
its size, in proportion to the distance along
the cone. As the tooth gets smaller its load
carrying capacity decreases, so for
practical purposes the face width of a
bevel gear is usually limited to less than a
third of the cone distance. In fig 2 a section
of a bevel gear is shown, illustrating the
main parameters.

Design of Bevel Gears
In the same way as for spur gears the
design of straight tooth bevel gears
starts with the diametric pitch (DP) and
the number of teeth. This will define the
reduction ratio and the diameter of the
pitch cone at the outer face. This is the
pitch circle diameter (PCD). The number of
teeth on the meshing gears also defines
the angle of the pitch cone. The gears we
are concerned with intersect at 90 degrees,
and hence the angle of the two pitch cones
will add up to 90 degrees.

In the case of the traction engine
differential the drawing specifies 6DP gears,

a pressure angle of 20 degrees, with 10
teeth on the pinion and 36 teeth on the gear.
The 10 teeth specified for the pinion is less
than the normal minimum of 12 teeth, and
will lead to some undercutting of the teeth,
required for clearance. Full size traction
engines often had 8, or fewer teeth, but as
the bevel gears were sometimes used ‘as
cast’ the problem of machining undercut
teeth did not arise. Small numbers of teeth
were used on the pinions to minimise the
overall width of the differential.

The PCD of a gear (D) is defined by
D=N/P for the bevel gear and d=n/P for the
pinion, where P is the diametric pitch of
the gear, and N and n are the number of
teeth in the gear and pinion respectively.
These give PCDs of 1.667 inch for the
pinion and 6 inch for the gear.

The angle of the pitch cone (A) for the
gear is given by tan(A)=N/n. For the pinion
it is give by tan{a)=n/N. For the differential
this gives the angle of the pitch cone as
74.47 degrees for the gear and 15.52
degrees for the pinion. This particular
differential has 3 pinions equi-spaced
around the gear. It is important that the
number of teeth on the gear is divisible by
three, with no remainder. Otherwise the
three pinions will not sit equally spaced
around the gear, each in the same
orientation, and will not therefore mate
with the second gear wheel.

Model Engineers’ Workshop



Having determined the PCD we can then
calculate the addendum (J) and the
dedendum (K) of the teeth at the outer
edge. The addendum is the height of the
tooth abowve the PCD, and is given by 1/P. In
this case it is 0.167 inch. The dedendum is
the depth of the tooth below the PCD. In
theory this is the same as the addendum,
but is usually give extra depth for
clearance. Depending upon the preference
of the designer it can be 1.157/P or 1.25/P.
In this case | used the later value, for
reasons which will become apparent later,
and the value is 0.208 inch. Adding the
addendum and dedendum gives the whole
tooth depth (W) in this case 0.375 inch.

Following on from these calculations it is
possible to calculate the face and root
angles. The face angle is important as it
allows a blank to be machined. The root
angle is needed to set up the blank at the
correct angle when using traditional
machining methods. First the addendum
angle, 8a, and dedendum angle, 8d, have
to be calculated. These are given by:
tan(Ba)=J/E and tan({8d)=K/E
where E is the pitch cone distance given
by E=D/2sin(A}

From these, and the pitch cone angles, the
face angles and root angles
can be calculated:

Face angle = pitch cone angle +
addendum angle

Root angle = pitch cone angle -
dedendum angle

Finally we need the outside diameter
(OD) ofthe gears in order to be able to
machine blanks. The OD is given by the
PCD plus twice the addendum multiplied
by the cosine of the pitch cone angle, thus:
OD =PCD + 2 x J x cos(A)

For the differential gears this gives an
0D of 1.987 inch for the pinion, and 6.089
inch for the gear. Here | disagreed with the
drawings, as they give an OD of 2.000 inch
for the pinion and 6.050 inch for the gear. |
took most of my design calculations from
a book ‘Gear Design Simplified” (ref 1).

Machining of Straight

Tooth Bevel Gears

It is not possible to machine a straight
tooth thevel gear on the equipment
normally found within a home workshop.
Traditionally straight bevel gears were
machined on a Gleason bevel planer,
which uses two reciprocating blades, like
a shaper, following a template to generate
the tooth form.

The are two manufacturing
approximations for straight tooth bevel
gears that are to be machined on a
horizontal milling machine, using involute
cutters in a similar way to spur gears.

In the first method an involute cutter is
chosen according to the DP at the outer
edge of the gear and for a number of teeth
given by the number of teeth on the gear
divided by the cosine of the pitch cone
angle. This is unlike spur where the DP and
the number of teeth alone is used. The
reason for this will be discussed later. The
blank is set up on a dividing head such that
the root angle is parallel to the table. The
involute cutter is centralised over the axis of
the gear blank and a series of cuts made
appropriate to the number of teeth. The
blank is then rotated and translated at right
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angles to the gear axis, first one way and
then the other, and two further series of cuts
made. The objective of this is to widen the
tooth at the outer edge while leaving the
tooth width at the inner edge, formed by the
first pass, unchanged. There are two
problems with this method, one theoretical,
and one practical. The theoretical problem is
that since the involute cutter has the correct
‘curve’ for the tooth at the outer edge, it is
incorrect at the inner edge. The tooth at the
inner edge is not curved enough, and needs
to be corrected by hand. The practical
problem is that the involute cutter is not a
standard cutter as used for spur gears. The
cutter will have the same tooth form as an
involute cutter of the same DP and number,
but it will be narrower, so that it can pass
through the narrow end of the tooth. To
distinguish these cutters from conventional
spur gear involute cutters they were often
stamped with the word ‘BEVEL. These
special involute cutters for bevel gears do
not now seem to be available commercially.

In the second method, known as the
parallel depth tooth method, the
calculations are based on the DP at the
inner end of the gear. As the name
suggests the method approximates the
tapered tooth form by one of parallel
depth, although the tooth still tapers in
width along the length of the tooth. Again,
three passes of the cutter are required, but
crucially, since the calculations are based
on the DP at the inner end, a standard
involute cutter can be used.

Given that it was not possible to machine
bevel gears using the special bevel
involute cutters as | could not obtain them,
| resolved to re-design the differential
using parallel tooth bevel gears. After
some calculations, using a spreadsheet to
play with gear tooth numbers and DP, |
came to the conclusion that while it was
possible to design such a differential, it
would lead to a huge re-design of all the
surrounding parts, with consequent knock
on effects for the whole drive train.

This left the problem of how to machine
true bevel gears. It occurred to me that |
should be able to machine the bevel gears

CNC Machining Bevel Gears "

using a CNC mill with a 4th axis. Like a
conventional mill the CNC mill has three
orthogonal axes X, Y and Z. The 4th axis is
a rotary axis. By convention a rotary axis
aligned along the X axis is labelled A.

CAD

Before using the CNC mill to machine the
bevel gears | needed to create an accurate
3D representation of the bevel gear and
pinion, including the exact tooth shape.

A quick trial in Alibre {my 3D parametric
CAD software) showed that a sketch
approximating the tooth form could be
used in conjunction with a point at the
origin to create a "loft’. In 3D CAD a ‘loft’ is
a shape formed by a linear transition from
one shape to another shape, an arbitrary
distance away. If one of the shapesisa
point then the ‘loft’ reproduces the shape
of the first shape but linearly decreasing
in size. In practice there seemed to be a
bug in the software, in that it wouldn't
generate a ‘loft’ from a sketch to a point,
despite the manual saying it could. Instead
of a point | had to use a 5 thou square at
the origin. The errors in the tooth form
due to this are smaller than the resolution
of the CNC mill, so for all practical
purposes can be ignored. The ‘loft’ could
then be replicated using a circular pattern.
Finally the ‘loft’ can be truncated and a
base added to produce the actual gear.
Simple in theory; but then the question
arose, exactly what is the form of the gear
tooth? Obviously, it's an involute, but
what is an involute curve and which bit

of it is used? Mathematically an involute
is a curve formed from another curve by
unwinding a taut string. Gears use the
involute of a circle. In parametric form the
involute curve of a circle is defined by:

x = alcos(t)+tsin(t)) and y = alsin(t)-tcos(t))
where a is the radius of the circle and
tisthe angle in radians. The involute

of a circle is usually visualised by a

string wound round a circle and then
unwrapped, the end of the string tracing
out the involute. But which part of the
involute is used? It turns out that the first

Features of a Bevel Gear

Fig. 2
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part of the involute is used, from a circle
known as the base circle for a particular
gear. The diameter of the base circle is
defined as the PCD times the cosine of
the pressure angle. The pressure angle
of a gear is the angle between a tangent
to the PCD and a normal to the involute.
To run together gears must have the
same pressure angle, as well as diametric
pitch. Common pressure angles are 14.5,
20 and 25 degrees. A pressure angle of
14.5 degrees is common on older gears,
whereas 20 degrees is normally used now.
In theory constructing an involute should
be simple. Draw the base circle, mark a
series of equally spaced points on the
circumference and draw tangents from said
points. The length of the tangent
corresponding to the arc length from the
start point is then marked. Finally the points
are joined up to give an approximation to
the involute curve. In practise this proved to
be rather more fiddly than expected in my
CAD software. Finally, after several attempts
| abandoned the idea. Fortunately | then
found on the internet a DOS program that
generates the tooth forms for a 1DP spur
gear from 10 to 200 teeth with selectable
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degrees of accuracy. The program generates
gears with a dedendum of 1.25/DP, hence
my previous choice of the value for the
dedendum! Having generated a series of
gears from 10 to 200 in DXF format | then
selected the 10 and 36 tooth gears and
imported the DXF files into my CAD system.
After a bit of fiddling | managed to get a
sketch of a single tooth imported into the 3D
part of the CAD system and then to generate
the complete gears in 1DP.

At this point | discovered | had made an
error in the design. The shape of the
involute for a bevel gear is not directly
related to the number of teeth on the bevel
gear but to the number of teeth on the
‘equivalent spur gear’. The ‘equivalent
spur gear’ is set at the face angle to the
axis of the bevel gear and thus is larger in
diameter than the bevel gear (see fig. 2).
The number of teeth (N’) on this
equivalent spur gear is given by:
N'=N/cos(A)

For the 10 tooth pinion the equivalent
number of teeth is 10.3 and for the 36
tooth bevel gear it is 134.5. For the pinion
we can stick to the tooth shape for 10

tooth gear, but for the gear we need to
choose the tooth shape appropriate for a
135 tooth gear. This has the effect of
making the teeth on the gear much less
curved than might have been expected
from the number of teeth on the gear. The
use of a different number of teeth, based
on the concept of the ‘equivalent spur
gear’, is known as Tregold’s
approximation. To create the pinion and
gear it is necessary to put the sketch of the
tooth shape on a plane at the face angle of
the gear and at the correct distance from
the origin. The CAD model of the 1DP
pinion is shown in fig 3 and of the 1DP
gear in fig 4. Also illustrated in these
figures are the axis and plane constructs
needed to get the tooth outline in the
correct place to form a ‘loft’ to the origin.

Once the pinion and gear have been
modelled as a 1DP gear it is simple within
the CAD system to get the equivalent 6DP
gears. All dimensions are scaled by the
inverse of the DP required, % in this case.
Before starting machining | took the
opportunity to make an assembly of three
pinions and two bevel gears to check that
the distances between the gears, and
other parameters, accorded with the
drawings and with what | thought they
should be (fig 5). My 3D CAD system also
has a motion simulator that allows the
gears to be rotated by assigning rotational
speeds to each gear. This allowed the
mesh of the gears to be checked, at least
qualitatively, to ensure that there were no
gross errors in the assumptions about the
tooth shape.

Finally the gears were modelled with
bosses and cutouts as per the original
drawings. From the CAD | was able to
confirm most of the design data on the
drawings, but | disagreed with the outside
diameters and the heights of the teeth,
and thus the sizes of the gear blanks.

CAM

Having modelled the gears in 3D it is then
necessary to create machining strategies
and to generate the CNC tool paths. Let
us take the pinion first. Looked at end on
the teeth would require a long cutter to
reach all the way down, if the pinion was
bolted to the mill table. Thus it seemed
sensible to machine the pinions along
their rotational axis, rotating the pinion as
required. This requires four axes on the
CNC mill, three linear and one rotary. In
fact, with the strategy | chose the Y axis
always stays at zero. By making some
sketches in the CAD model | was able

to confirm that a 4mm ball nose cutter
would be able to machine the root radius
of the teeth on the pinion. So the whole
pinion can be machined using a 4mm
ball nose cutter. It seems sensible to let
the machine do the maximum amount
of work; hence we start with a cylindrical
blank whose diameter is the maximum
diameter of the pinion, and whose length
is the maximum of the pinion. The outer
diameter is calculated as part of the design
process. The length is more difficult to
calculate as it is dependent upon the face
length of the pinion rather than being an
inherent property of the gear. However it
is easily obtained from the CAD model.
A two stage strategy was adopted for
the pinion; first rough out the shape of
the teeth using a relatively coarse rotary

Model Engineers’ Workshop
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step and linear step down. This is shown
in fig 6. Secondly the profile of the teeth
is formed using a finishing pass along

the tooth profile with a fine step over, as
shown in fig 7. The three-flute cutter is
programmed to run at 5000rpm with a
feedrate of 400mm/min, giving a chip load
of 0.027mm/tooth.

The machining strategy for the gears
follows a different path. Since the gears
are fairly flat, a standard length cutter can
be used without the need for a rotary axis.
The gear can be bolted down to the mill
table and the X, Y and Z axes moved in
synchronism to form the radial teeth.
Sketches on the CAD model indicated that
a 2mm cutter is needed to form the radii at
the bottom of the teeth. A similar
philosophy to the pinion was adopted, first
roughing cycles and then a finishing cycle.
It would take an inordinate amount of time
to rough out the gear using a 2mm cutter,
so the initial CAM program used a 4mm
ball nose cutter for the roughing and a
2mm ball nose cutter for the finishing, and
to form the correct radius at the bottom of
the teeth. This strategy was modified in
the light of practical experience gained by
machining prototype bevel gears.

Machining
Aluminium Prototypes

Before machining the actual gears in cast
iron a partial set of gears in aluminium
were machined to check out the tool
paths and to assess the finish obtained
by various stepovers during the finish
profiling cuts. Machining of the bevel
pinions went according to plan, except
that the initial finishing stepover of 0.3mm
proved to be a little coarse. This was
reprogrammed with a stepover of 0.1Tmm,
which gave an acceptable finish. Finishing
of the tapered inner and outer faces, to
give the correct face width, and finishing
the central boss, was done manually in the
lathe, using the same split mandrel as was
used to hold the pinion for CNC machining.
The machining of the prototype bevel
gear proved to be a bit more problematic.
The roughing cut with a 4mm cutter was
fine, but after several broken 2mm cutters
and much experimentation with speeds
and feedrates it became clear that too
much metal was being left at the bottom
of the gaps between teeth for the 2mm
cutter to cope with in one pass. So a first
profiling cut with a 3mm cutter was
included followed by the final profiling cut
with the 2mm cutter. The prototype gears
are shown in photo 1.

Y
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Pinion Machining Photo 4: Outer Bevel Gear Machining.

Two Sets of Completed Bevel Gears. Complete Set of Parts for One Differential.
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Mauchining the Cast Iron Gears

Blanks for the cast iron pinions were
machined from a bar of round cast iron,
to specification GR17. The cast iron was
machined dry. The arrangement of the 4th
axis for machining the pinions, and all the
blanks are shown in photo 2. Machining
of the pinion blanks was straightforward,
using the same speeds and feeds as for
the aluminium prototypes. The machining
of one of the pinions is shown in photo 3.
The cutter has finished a couple of teeth;
the difference between the roughing

and finishing cuts can be clearly seen.
Machining time was 2 hours and 38
minutes per pinion.

The blanks for the gears shown in photo 2
were machined from castings. However,
due to an error in dimensions on the
blanks, and the fact that one casting had a
blow hole, | ending up recycling the
castings and machining new blanks from
cast iron round, as for the pinions. The cast
iron bevel gears were machined dry using
the same parameters as for the aluminium
prototype, with one change. When
machining the first gear it becarme
apparent that the material left on the
tapered inner face of the teeth by the 4mm
and 3mm cuts was too much for the 2mm
cutter, which would break part way round
the gear. Since this material would be
machined away on the lathe after the teeth

had been cut on the CNC mill anyway, the
blanks were modified to machine this inner
angled face before cutting the teeth. This
eliminated the problem of broken 2mm
cutters. The cutters for the gears were run
at 5000rpm, with feedrates of 500, 400 and
300mm/min for the 4mm, 3mm and 2mm
cutters respectively. Machining times were
2 hours 26 minutes, 2 hours 37 minutes
and 2 hours 33 minutes respectively. The
beauty of CNC milling is that once set up
and running one can go and do something
else. However, watching the cutter forming
a tooth out the of the blank can be rather
mesmeric. Machining of the outer of the
two bevel gears in the differential is shown
in photo 4. This shows the 3mm cutter, the
cutter is progressing anticlockwise as
illustrated by the different patterns on the
nascent teeth to the right and left of the
cutter. Cutting the inner of the two bevel
gears with a 3mm cutter is shown in photo
5. This gear has a large central boss on
which the differential centre that carries the
pinions rotates. Since the cutter is only
forming the teeth it remains clear of the
central boss. However it is a good idea to
program the safe height of the cutter for
rapid moves to be above the height of the
boss and clamp.

Two sets of completed bevel gears and
pinions are shown in photo 6. The faces of
the teeth have been machined at the

CNC Machining Bevel Gears "

correct angles, other machining done and
bronze bearings fitted as required.
Photograph 7 shows the complete set of
parts for one differential, which started the
whole project, including the differential
centre and second shaft spur gears.

Conclusion

| have been pleased with the way the
bevel gears turned out. They mesh well
and all parts of the differential fit together
properly. | didn't keep an accurate log

of time, but | estimate that for the gear
design, CAD and CAM, time spent was
about 60 hours. It took another 6 hours

to design, make and adjust the 5C collet
chuck backplate for the fourth axis on the
CNC mill. The total cutting time was many
hours, but of course | spent most of this
doing other things, so it doesn't really
count. | now have a better understanding
of the design and machining of bevel
gears, which is half the fun! ®

1. 'Gear Design Simplified’ Franklin
D. Jones & Henry H. Ryffel, Industrial
Press, Third Edition 1941,

ISBN 0-8311-1159-3

News

isitors to Arc Euro Trade Ltd. will be

aware that there is some building
activity going on at their premises.
Looking at some of the Heras fencing at
the property, as well as the warehouse
next door may give the impression to
some that the warehouse is closed.

It's actually business as usual at ARC.
They have just acquired the warehouse,
which gives them increased storage
space. They are carrying out work to
secure the boundary, along with some
renovation work on the inside. This work
will be ongoing for some time.

So far Arc have brought in all the goods
which were being kept in outside storage.
This allows them to service visiting
customers who wish to take a machine
away with them immediately more easily.

from the Trade

At present there is no clear idea for how
the additional warehousing will be used.

In the coming months there will be also
be additional parking available to
customners visiting ARC, on the front of the
new warehouse.

I've just received a copy of GLR
Kennions’ new catalogue. The
combination of these two familiar
names brings a good selection of
metals, fixings and fittings that suit the
model engineer. They also have a lot
of specialist items for the live steam
enthusiast. Call 01279 792859 or email
glrkennions@hotmail.co.uk for a copy.

Are’s existing building and the new warehouse on the right.
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Axmins‘ter have

refreshed their
machine tools,
with the most
striking
change being
a new colour
for their ‘model
engineer series’
and larger ‘engineer
series’ machines.
Out goes the oxford
blue and white, in with
a colour you might describe as ‘aqua’.
Long gone are the days when you had a
choice of battleship grey or battleship grey
regardless of where you bought
your machine!

One machine in the Engineer Series is
the SX3 Mill Drill DIGI an advanced mill/
drill with the added benefits of a digital
read-out (DRO) system for the table
position. All the other standard features of
the standard SX3 version are present
including a tilting head, digital spindle
speed, down-feed read-outs and a thread
tapping facility. It is used for courses in
the Axminster Skill Centre. An interesting
feature is that coarse vertical feed of the
head is by a handle on the base with
fine feed via a wheel on the head itself.
The mill is priced at £2,299.94,
including VAT.

I‘ Axminster’s

SX3 digi mill.
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]ust a small selection from our current stock

Our NEW “buy online” website coming very soon! Check it out at: www.gandmtools.co.uk

Lathes Itern Code | Denford Microrouter Compact CNC Router, Tph £650.00 +VAT 9885 | Dormer 108 Pedestal Mounted Drill Point Grinder, 3ph  £600.00 +VAT 9816
Bacford 3 1/2 Inch x 12 Inch Bench lathe, 1ph £375.00 +VAT 9530 | Denford Microrouter Compact CNC Router, Tph £650.00 +VAT 9886 | Duplex D29 Toolpost Grinder, 1ph £425.00 +VAT 9574
Boford CUD 5 inch x 22 inch Centre Lathe, 3ph £525.00 +VAT 9738 | Denford Microrouter Compact CNC Router, 1ph £650.00 +VAT 9887 | Elliott Double Ended Bench Grinder, 3ph E85.00 +VAT 9024
Befiord CUD 5 inch x 22 inch Centre Lathe, 3ph £525.00 +VAT 9897 | Dore Westbury Vertical Milling Machine, Tph £1050.00 +VAT 9661 | Myford MG12 Cylindrical Grinder, 3ph £2750.00 +VAT 9729
Colchester Bantam 2000 Gap Bed Cenfre Lathe, 3ph ~ £1650.00 +\AT 9901 | Emco PC Mill 55 Vertical CNC Milling Machine, 1ph £1700.00 +VAT 9883 | MNu Tool Double Ended Bench Grinder, 1ph £65.00 +VAT 8712
Colchester Chipmaster Variable Speed Lathe,3ph £2250.00 +VAT 9728 | Herbert No 2 Horizontal Simplimill. 1ph £500.00 +VAT 9820 | Tauco Double Ended Bench Grinder, 1ph £100.00 +VAT 9741
Colchester Student Round Head Lathe, 3ph £450.00 +VAT 9521 | Myford VMC Vertical Milling Machine, Power Feed Table, 1ph £1500.00 +VAT 9880 | Vanco Model 1 Vertical Beft Linisher, Takes 1 inch Belt, 1ph £325.00 +VAT 9845
Denford 280 Synchro Centre Lathe, Tooled, 1ph £975.00 +VAT 9879 | Roland Camm PNC 2300A CNC Bench Engraver, 1ph  £575.00 +WAT 9890 | Hacksaws, Cut Off Saws, Bandsaws liem Code
Denford Microturn CNC Bench Lathe, Tph £650.00 +VAT 9888 | Roland Camm PNC2300A CNC Bench Engraver,1ph £575.00 +VAT 9423 | Fletcher Light Duty Power Hacksaw, 1ph £200.00 +VAT 9514
Denford Microturn CNC Bench Lathe, Tph £650.00 +VAT 9889 | Sigma Jones Jig Borer on BCA Cabinet Stand Fitted £1450.00 +VAT 9739 | Kennedy Bench/Portable Power Hacksaw, 1ph £325.00 +VAT 9857
Denford Viceroy Synchro 280 Centre Lathe, 3ph £850.00 +VAT 9583 | withVariable Speed Drive,1ph Kennedy Portable Power Hacksaw, 1ph £325.00 +VAT 9862
Denford Viceroy TD'S T/16/8 Centre Lathe, 3ph E£750.00 +VAT 9882 | Tom Senior M1 VerticalHorizontal Milling Machine, 1ph  £1450.00 +VAT 9304 | Mac TS30 Pedestal Cut off Saw, 3ph £225.00 +VAT 9727
Farcut Junior Bench Lathe, 1ph Well Tooled £525.00 +VAT 9891 | Drilling & Tapping Machines fiern Code | Rex Power Hacksaw, 1ph E2T5.00 +VAT 0743
Harrison M250 5 inch x 30 inch Centre Lathe, Tooled, VGC,3ph £2850.00 +WAT 9881 | Fobco Star Pillar Drilling Machine, 1ph £550.00 +VAT 9695 | Roller Bar Support Stand for Use with Power Hacksaw  £50.00 +VAT 7873
Lorch Plain Lathe with Collets, 3ph £750.00 +VAT 8894 | Pollard High Speed Bench Drill, 1ph £326.00 VAT 9626 | Warco4 1/2 inch Universal Metal Cutting Bandsaw, Tph £125.00 +VAT 9892
MitcheH & 1/2 inch x 40 inch Gap Bed Lathe, 1ph £750.00 +VAT 9819 | Scheppach rab 5 Ibx Pillar Drill with Rack Op Table, 1ph  £225.00 +\AT 9833 | Rotary Tables, Dividing Heads, Indexers etc. liem Code
Myford ML7 Trilever Bench Lathe with Banch, 1ph £1050.00 +WAT 9822 | Startrite Mercury Pillar Drill, 2 MT Spindle, 3ph £275.00 +\AT 9826 | Criterion Vertical/Horizontal Indexing Chuck with Key £350.00 +VAT 8141
Myford Speed 10 Bench Lathe, Good Condition, 1ph E750.00 +VAT 9811 | Staririte Mercury Mark 2, 10 Speed Bench Drill, 3ph £265.00 +VAT 9839 | Elliott 10 inch Dia. Rotary Dividing Table £325.00 +VAT 9629
Myford Super 7B, Stand, Tooled, 1ph, Excellent Condition £5875.00 +VAT 9854 | Womer High Speed Bench Drill, 8 Speed, 3ph £325.00 +VAT 9506 | Hofmann 10 inch Rotary Table with Large Dials £325.00 +VAT 9834
Tyzack Zyto 3 1/2 inch Bench Lathe, No Motor £27500 +VAT 9830 | Grinders, Polishers, Linishers ftem Code | Hofmann 4 inch Dividing Head & Tailstock £475.00 +VAT 9726
Milling Machines, Engravers, Jig Borers ftem Gode | Bamkin Tool & Cutter Grinder, Cabinet Stand, 1ph £750.00 +VAT 9746 | Tom Senior 4 inch Dividing Head & Tallstock £425.00 VAT 9906
Boxford VM30 Vertical Variable Speed Milling Machine, 3ph £1275.00 +MAT 9902 | Boxford G200 Tool & Cutter/Surface Grinder, 3ph £1250.00 +VAT 9893 | Tom Senior 8 inch Rotary Table, Good Condition £295.00 +VAT 9905
Dahigren Wizard CNC Bench Engraver, 1ph E575.00 +VAT 9765 | DenfordViceroy Double Ended Buffer/Polisher, 3ph £285.00 +VAT 9720 | Tom Senior M1 Slotting Head,Good Condition £500.00 +VAT 9807

» Telephone enquiries welcome on any item of stock. - We hold thousands of items not listed above.
» All items are subject to availability. - rices are subject to carriage and VAT @ 20%. - We can deliver to all parts of
= the UK and deliver worldwide wver 1,000 square feet of tools, machines and workshop equipment.
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Accessory ranges including PECO 1SS 10 Pl \ {M.
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Readers' Tips

to spend yours!

We have £30 in gift vouchers courtesy of engineering suppliers
Chester Machine Tools for each month's Top Tip'. Email your
workshop tips to neil wyatt@mytimemedia.com marking them
‘Readers Tips', and you could be a winner. Try to keep your tip

to no more than 400 words and a picture or drawing. Every month
I'll chose a selection for publication and the one chosen as

Tip of the Month will win £30 in gift vouchers from Chester
Machine Tools. Visit www.chesterhobbystore.com to plan how

Harding'’s
Milling
Machine

Readout.

Geoff Harding's handy wrinkle, for anyone who hasn't got a digital readout,
wins our runner up prize of an Art of Welding book:

A Simple Milling Machine Readout
| little while ago | was pitching a series
of holes in a line on my vertical milling
machine as most of us will have done.
Without a direct read out system it
requires counting the revolutions of the
table handle. A little aid | have added to
my machine is a simple rule and a pointer.
The rule is supported on suitable
brackets using the table stop groove and a
pointer attached to the stationary part of
the machine. In use the rule is zeroed by
sliding the brackets along the groove

(some machines already have a rule fitted
but they are not able to be moved). Now |
do not need to count the handle
revolutions. The aid has an added
advantage as | can read imperial
measurements on my metric machine.
Precise positions are finalized by the
divisions on the hand wheel. For the other
axis | clamp the rule to the magnetic dial
gauge stand and fit a simple pointer over a
table tee-slot.

Geoff Harding

CHESTER MACHINE TODLS

No more than one prize with a value of £30 will be given each month. By entering you agree your
entry can be freely published and republished MyTimeMedia on paper or electronically and may
be edited before appearing. Unpublished tips may be carried forward to future months. You will

be acknowledg
and if no publishable tips are received a prize will not
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ed as the author of the tip. There is no guarantr%i(tjhgrth an[\;e%mrv wi#ltl;'e pl:lblishe?' |
e awa . The ision of the editor is final.

This month’s winning tip
comes from Tony Finn.

Pozilock collet chucks have a small cone
centre set deep inside them, if you have a
damaged one in your chuck, this tip
could save you a lot of grief:

Renewing the
Back (en?re of
a Pozilock Chuck

If the back centre of your
Pozilok chuck has got
damaged, it's an easy
matter to renew its profile,
once you can remove it.

The back centre has a right hand thread,
3% inch BSW. To remove it you need a tool
like the one in the photo, which | made
from a piece of 22mm diameter bar about
60mm long. The slot is a clearance 10 mm
wide and the centre of it is deeply
recessed with a 10mm centre drill to clear
the point inside the chuck. There are two
flats on the other end for gripping it
vertically in the vice.

Remove the closure nut (and any collet),
but before putting the chuck to the tool, it
is also necessary to retract the Allen
grubscrew pin which stops the rotation of
the collets, otherwise the tool will not
engage. A spanneris used on the flats of
the chuck and you may find that it takes
some effort to get the centre free but,
don't worry, it will unscrew!

After removing the centre, it is a simple
matter to chuck it in the lathe, in a collet
chuck if you have (another) one. With the
top slide set over 30 degrees, true up the
point to a 60-degree cone. | thought the
centre might be hardened but it wasn't
difficult to machine. The back centre
doesn't need to be very large, as the
centring holes in the back of the cutters
are quite small, so a slight reduction in its
height won't matter.

Reassembly is simply the reverse of
disassembly, but don't forget to return the
Allen grubscrew to its normal position. If
the centre is beyond repair, it isn't a
difficult job to make a new one.

TiP of
Wikngg
J—

Tony Finn
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Unimat SL

. « Part 6
L athe Modification
Drive Shafts & Dog Clutch

Terry Gorin adds an ingenious modification to allow screwcutting on his Unimat lathe.

Continuing my series on

improvements to my Unimat
SL1000, this time | move on to
screwcutting drive shafts and

a dog clutch. Most operations
called for on the drawings will
be self-evident to experienced
readers and | have only
commented on the method and
sequence of specific operations.

he sequence of power drive to
I the cross slide in the majority of
conventional screwcutting lathes is

via tumbler gear, gear train and leadscrew.
The latter, being connected to the cross slide
via a half nut or dog clutch. The Unimat
leadscrew, however, is centrally located
below and permanently connected to the
cross slide and any attempt to transmit
power drive direct to the headstock end
of the leadscrew would have destroyed
the original design concept of the Unimat
headstock, to be rotatable in high or low
position. That's not the intent of these
modifications. Power drive therefore has to
be to the tailstock end of the leadscrew via
an intermediate drive shaft. This was the
basis of the power drive accessory marketed
by Unimat, with belt drive from spindle
to a drive shaft and dis-engagable drive
via worm gear to the tailstock end of the
leadscrew. This, however, did not provide
the fixed-ratio drive to the leadscrew,
necessary for conventional screw cutting.
Power drive from the modified headstock
spindle (ref 1) to a driveshaft could be by a
conventional gear train, but the necessarily
small sized components in a tumbler gear
inserted between spindle and train would
have been vulnerable to stress, noise and
wear resulting from high spindle speeds.
Tumbler gearing is not always necessary.
The Cowells 90ME and Myford ML10 lathes
both operate perfectly well with a dog
clutch only. Any speed reduction benefit
from worm drive to the leadscrew, similar
to the Unimat accessory, was not necessary

24 www.model-engineer.co.uk

with a gear train and connection between
driveshaft and leadscrew could be by simple
spur gearing. Tumbler gearing, in essence,
is spur gearing, therefore why not introduce
tumbler gearing at this position? It would be
rotating at lower than spindle speeds with
less stress, noise and wear. Consequently,
therefore, final choice, and sequence,

of power transmission from spindle to
leadscrew is via gear train, drive shafts

and dog clutch, finally to tumbler gear and
leadscrew extension.

The drive shafts with their front and rear
bearings, together with the dog clutch,
bolted to the lathe baseplate provide the
supports for the gear train, tumbler gear
and leadscrew extension, and were
constructed first. The gear train, tumbler
gear and final drive to the leadscrew will be
detailed in later articles. Figure 24 shows the
final assembly of all drive shaft and dog
clutch components with photos 18 and 19
showing the complete assembly bolted to
the lathe baseplate.

Drive Shafts and Bearings
Constructional details for the front and rear
drive shaft bearings are shown in figs 25
and 26 with fig 27 detailing the drive shaft
components. Photograph 20 shows the
completed components but with the bearing
bushes already pressed into their respective
bodies. The input (62) and output (64) shafts

The modified Unimat.

are supported at their outer ends by the
front and rear bearings respectively with the
dog clutch body, detailed later, supporting
the inner ends of both shafts. Marking out
and drilling of the clearance holes for the
two securing bolts for each of the front
bearing body (58) and rear bearing block
{61) was done with great care. This ensured
that, when bolted to their respective tapped
holes in the lathe baseplate, the front edges
of both body and block were flush with the
front edge of the baseplate, see fig 24. Both
were then removed from the baseplate and
the bottom faces and front edges only then
used as datum points for the remaining
setting out dimensions.

With the Unimat bed bolted to its

baseplate, the 77.5mm (#1) and 41mm (#2)
dimensions, locate the centre of the 16mm
diameter boring for the leadscrew extension
bush (60), in the rear bearing block (61).
They are respectively the horizontal distance
of the Unimat leadscrew from the front
edge of the baseplate and its vertical height
above the top face of the baseplate. The
tumbler gear, leadscrew extension and size
and choice of gears had been designed at
this stage, but not constructed. The 26mm
horizontal (#3) and 25.5mm Vertical (#4)
dimensions, shown for both rear and front
bearings, are based on that design. They

Model Engineers’ Workshop



Machine Tool Improvement "

Fig. 24

Assembled with M4 x |5 Iclng
c/sunk socket screw: (71) Fo

| e (76) Lever Arm

(72) Slldlng Plate
(73) Locking Collar
(75) Operating Lever (68) Dog Clutch Body
(70) Dog Clutch
M4 x 10 long C,sunk socket screw (2 off) (64) Output Driveshaft
M4 x 6 long C,sunk socket screw (2 off) —\\\
(62) Input Drive Sha&4—g _@:’;\_—1_‘" "L}_l:—_—@ _
_____ [ P A
im M6 x |5 long hexagonal
T T !——lr © = !——: @ﬁ#—xmw&mher (2 off)
r JU QU JJC ()
= e [ R~ (53) Lathe Baseplate
M6 x |5 long cfsunk socket screw (2 off) (78) Spacer—I \— (77) Lever Pivot & M5 x 25 long cap screw & washer

€]

(53) Lathe Baseplate

(56) Bearing Bush (Front)
/— (58) Front Bearing Body

O— (54) Lathe locating stud

(57) Bearing Bush (Rear)

I‘Vr
Earth connection o
O

Mé x 60 long cap screw & washer (2 off) —
(61) Rear Bearing Block

©

(60) Leadscrew Extension Bush —

©

Fork, Sliding Plate & Locking Collar assembly as above

(59) Driveshaft Bush
] M4 x 3 long —\
© —/f (63) Lg%anng Collar (65) Locating Collar—\ /gubscrew O \|
SMesl 4 | & I o 1 e 1 . PR v i X v~ | I
i L ___i________“?___ I T CINKAT =[]
OF T By o e
|. 1H—H ,VI
| max 310ne = (74) Cover Plate j
grubscrew (64) Output Driveshaft
62) In (66) Locknut: (67) End Float Adjusting Nut
E)rlves Mé x 50 long cap screw & washer (2 off)

Drive Shafts And Dog Clutch Assembly

Driveshaft front bearmg & dog c;‘urch

June 2014

Drive shaft rear bearing. . >
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Fig. 25

@3.5 oilways |—¢-‘ ‘-L-I
Post drilled after bushes
itted to body)

[JJij___ ____LL__q

Bore@lz/t ———————
31— )‘T“

(56) Bearing Bush (Front)
Mat'l: Phospher bronze

(57) Bearing Bush (Rear)
Mat'l: Phospher bronze

50
31 10 Drill @3.5 oilway & c/bore @6 x 2 deep 25
=
o . /C ==
P i
! LT N il
I | | I 4——Bore @I8
I I ® & —= 51 L]
. \ T 8 B - T[T
| | = I
i Il \Mw//| 4 = G ———rT——
|H\R,,/%4| 9 i
RN B asiin ) a7 i)
@6.1 |
10 19 13 12
25 {#l) 54
(58) Front Bearing Body
Mat'l: BMS
Driveshaft Front Bearing
Fig. 26
@35 oilways 29 36
(Post drilled after |
bushes fitted to block)
T AR\ == 4L_}Boremc

———————— £

s s
- 30
3 ]13
i @21
o2 (60) Lead Extension Bush
eadscrew Extension Bus
(59) Driveshaft Bush £
Mat'l: Phospher bronze Eh Py b
Drill & tap M5
86 Drill & tap M4 for future indexing arm
41 ’*SIB(I 58) 10 50 i | —Drill @35 oilway & c/bore @6 x 2 deep
| ) I I
T — Drill & M4 L
Wil ARSI N dE o il i
_ it %\ = Al
'EL}- PCD 25 g T 7 S R i
| A+ I !l
“ AR T - ]
2 41 s o o I
q:‘r: - | Q Dl6 1 4 (#4)
= £ ' T !
[ AR in L 1
i I ‘€F [ 4] — 11
= RN N
- T . 2 Ll
95 il T 525 \
’ 3 2 @6.1
(Additional end view showing 7%
Tumbler Quadrant fixing points) 124
(61) Rear Bearing Block
Mat'l: BMS
Driveshaft Rear Bearing

26 www.model-engineer.co.uk
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Machine Tool Improvement "

Fig. 27

4 Mill 1/8 W|:Iex 1.6 deep L
J_‘_ II—/ i |

EEERL

| Fa |

5 7*| LIT‘I‘TE‘

Al
I

!é l

|_Ii§_| Bore @12 Drill & Tap M4

sl b

66) Locknut
Mat'l: BMS

65) Locating Collar
&at) :

Driveshafts

153 (63) Locatl ng Collar And Spacer
(62) Input Driveshaft To Dog Clutch Matt:
Mat’l: BMS
Mill 1/8 wide x 1.6 deep
w9 10
—-| |——ﬁ|2 |-‘-”--2—-|| | | 6 q @8
E T
J E P’T“I I | | =59
> Mi2x | S M8
x &5 x |
I 342
(64) Output Driveshaft From Dog Clutch
Mat'l: BMS
Bore @12 DriII&TapM4 MiIZx | IG—-I r-—MIZXI
7: N [ =
G Q S

j-LL»s

(67) End Float Adjusting Nut

Mat'l: BMS

-

locate the drive shafts so that the dog clutch
is just clear of the Unimat bed and the
tumbler gear and drive shaft and leadscrew
extension gears all engage satisfactorily
when fitted. Both borings to the rear
bearing were carried out on the Myford
with the block clamped to the vertical slide
and the bore centres accurately located by
manipulating the cross and vertical slide
leadscrews. Not possessing an indexable
boring bar, both borings were taken within
a few thou of the nominal sizes by gradual
adjustment/grinding of the boring bar bit.
The leadscrew extension and drive shaft
bushes were both turned from phosphor
bronze cored bar to the sizes shown, but
with the outer diameter of the sleeves
machined to light drive fits to the previously
bored bearing block. {In my haste to prove
correct fits, all bushes in these modifications
were fitted to their housings as soon as
completed and hence photo 20 and others,
show all bushes fitted!) Photograph 20 also
shows how the sleeve of the driveshaft
bush (59) protrudes from the back of the
rear bearing block, as a trunnion on which
the tumbler gear can rotate. The sleeve of
the leadscrew extension bush (60) protrudes
from the front of the block as support

for the leadscrew extension. To ensure
concentricity all sleeve outer diameters and
shaft borings, for all bushes, were machined

at the same chuck setting.

on

Bearing & driveshaft components.

1. Unimat Modification, Model Engineers’ Workshop Issue 211, page 25.
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A Note on Rust

Dave Fenner’s latest rust bucket prompts reflection on the topic.

Rust is a theme which has

been touched upon on various
occasions by different authors
over the years in MEW. This

is an attempt to draw together
the contributions of others, add
thoughts and experience of the
writer, and invite others to add
their considerations in the future.

istorically my own workshop, for
H the past twenty-five years, has

been a draughty agricultural barn,
stone built with a tin roof. In general, it
is impossible to heat, though | do have
an Ambi-Rad propane powered radiant
heater directed downwards at the well
used workspace between mill and lathe.
Rusting of tools and machinery has been
a persistent problem, accentuated in the
winter and spring months. My interest
in dealing with rust was re-awakened by
my latest automotive rebuilding project
{photo 1). German engineering may have
acquired an enviable reputation, however
it is clearly no match for the rust fairy.

Cause of rust

For rusting to occur, three elements must
be present; iron, oxygen, and water. The
rate of rust formation may be accelerated
if other chemicals such as salt or carbon
dioxide are present. The formation will
also follow the normal laws governing
chemical reactions, in particular that the
rate will increase at higher temperatures.

In the workshop setting, machines or
tools will rust due to condensation
forming on the surface. This would
typically be caused by humid air in
contact with metal surfaces at a lower
temperature. Metal cutting machines are
generally sturdily built usually from iron
castings. The mass of cast iron cannot
change temperature instantaneously, and
so will lag behind movements in the
ambient air temperature. With a falling
temperature, the machine will stay above
ambient, but when the mercury is rising,
then the metal is cooler than the air, and
moisture will condense on the surface,
leading to rust. This effect can be
accentuated if the workshop has a south
facing window, as strong sun then heats
the air quickly, while the metal remains
cool, with the inevitable result.

June 2014
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Latest project, very rusty 1973 Porsche 911 Targa.

Personal observation leads me to believe
that automotive rusting is not nowadays
as great a problem as it was a decade or
two ago. Nevertheless, it does still occur,
and in this country, is aggravated by the
use of salt on roads in winter. There is also
the phenomena known as stress corrosion
and stress fatigue, which can come into
play, which may cause the more highly
loaded areas of bodywork to decay first.
Thus for cars with a soft or removable top,
the lower sections of the A and B posts
where they join the sills and floor, are
prime problem areas (photo 2). They are
also likely to get wet on the inside, as
soft-tops often leak.

to the structure. In both of these cases,
the anode is electrically connected to the
structure first by wire or direct contact,
and secondly by water or moisture in
the soil which acts as an electrolyte, thus
forming an electrical circuit.

We may note that cars are not
submerged in water and therefore such a
system cannot work. In fact an internet
search found a Wikipedia note that one
seller in the U.S.A. of an automotive
electronic rust prevention system was
ordered in 1996 to cease marketing and
pay $200,000 in customer redress.

Like cars, our machines and tools are not
immersed in water, and so the short and

For rusting to occur, three elements must be

present; iron, oxygen, and water. The rate of

rust formation may be accelerated if other chemicals

such as salt or carbon dioxide are present.

Preventing Rust

When a steel structure such as a ship

or oil platform, is immersed in water, a
device known as a sacrificial anode may
be employed. The anode is made from a
more active metal, typically aluminium,
magnesium, or zinc which corrodes
preferentially. For pipelines a similar form
of protection may be achieved by applying
an 'impressed current’, supplied by a

DC power supply. Here again an anode

is encouraged to corrode in preference

simple answer is that either the oxygen or
the water, or both, must be prevented
from contacting the iron. For the
workshop, a number of letters have
featured in Scribe a Line testifying to the
benefits of installing a dehumidifier. For a
small to medium size shop, insulated to
modern standards, this probably is the
ideal first step in the solution. If the
moisture can be removed from the air,
then it cannot condense on the tools or
machines. Heating, to maintain a near
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constant temperature will avoid the -cold
machine - warm air’ situation, again
helping to eliminate condensation. The
downside, for both of these approaches, is
the initial capital cost and then the
ongoing running cost.

If the workshop shares garage space
with the car, it probably does not help to
bring the car in while still wet, as that
simply adds to the moisture level within
the garage.

If the machine temperature can be
raised above that of the air, then
condensation will not occur. There have
been suggestions to add low powered
heating elements to a lathe bed to give
this effect. The counter-argument has
been that if the heating is somewhat
localised, then the accuracy of the
machine could suffer.

A physical barrier preventing water
contact may be achieved in a number of
ways, and here the most obvious might be
paint. Up until about 1980, cars would
commonly rust away from the inside. It
was about that time, that many
manufacturing plants introduced
electrophoretic dip coating, which ensured
that all the surfaces (inside and out) of a
bodyshell were given an adequate coat of
paint. Later on, the attention of some
manufacturers (notably Porsche and Audi)
turned to the use of zinc coated steel, and
in one case stainless steel (De Lorean).
The latest trend is towards aluminium, but

LUERICATING O -
EXXON MOBIL RUST-BAN 393

One litre packs of Rust Ban 393 and Calpreve 91.
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Black underseal (left) and Waxoyl! fr.fghr) which is available

et 234
e ==—

either black or clear (much less messy).

that is a different story. For the car
repairer/restorer, products such as
bitumen based underseal or "Waxoyl'
(photo 2) can offer a solution.

For many tools, and parts of machines, a
coat of paint is just not a viable option, so
some other form of barrier must be found.
Some readers have recommended a quick
spray with a water displacing fluid such as
WD40 (photo 4) or Duck Qil, and this has
certainly been used on occasion by the
author. It would seem that these types of
product are a mix of non-volatile viscous
oil and lower viscosity volatile thinner,
which allows the low viscosity mix to
penetrate into crevices. The volatile
thinner will then evaporate leaving an oily
film, giving a measure of protection.

Some oils are marketed specifically for
corrosion protection, and two which were
marketed by Myford when in Nottingham
were Rust Ban 393 manufactured by
Exxon Mobil and Calpreve manufactured
by Calder Qils. Litre packs of these are
shown in photo 5. It would appear that
Myford no longer handle these products,
but they are more likely to be available
from the respective manufacturers. Back
in April 2007, a test was set up by the
author, which was noted in Trade Counter
- MEW issue 124, whereby three
specimens were prepared and hung up in
the workshop, where they have been
weathering gently for nearly seven years.
Photgraph 6 shows the test pieces as

TS R Dt

The three test pieces

B W A L O g
5 litre packs of WD 40 work out more
economical than the small aerosols.

they are at the time of writing (February
2014) and it can be seen that No1
{unprotected) has rusted significantly,
No2 (Rust Ban intended for relatively
short term storage} has begun to rust,
while No3, (Calpreve — higher viscosity
and intended for longer term protection)
shows no sign of rust.

Tools in boxes or cabinets may be
protected by employing VCI (vapour phase
corrosion inhibitor) emitters. As can be

Model Engineers’ Workshop



seen in photo 7, these are available as
small tinlets containing a compound
which gives off a vapour which in turn
protects steel tooling. It is claimed that
one emitter will give protection to a 100
litre volume for a period of two years.
Silica gel packs, which work rather as mini
dehumidifiers by absorbing moisture, may
also be used, either purchased or salvaged
from incoming packaging. These may also
be periodically regenerated by gently
warming in an oven to dry out.

Once it has rusted

Traditionally, when dealing with light
surface rust on cars, the technique was

to grind away the rust to give a bright
bare metal surface for repainting. The
downside of grinding is that it also tends
to remove good metal causing thinning. It
also leaves a freshly abraded surface which
will corrode quickly unless protected. The
chosen preparatory coat might well be an
etch primer which is now readily available
in aerosol form. An alternative approach

is to remove the loose surface rust, then
coat the surface with a rust converter,
which chemically changes the surface to

a stable compound which may then be
overpainted. Jenolite (photo 8) is one such
product which has been around for many
years. Others have come to the market,
and Practical Classics magazine conducted
a comparative test of eight similar products
in spring 2011. As a result, they selected
three for particular note — Granville Heavy
Duty Rust Cure — best budget buy; Bilt
Hamber Hydrate 80 — recommended; and
Rustbuster Fe123 - best buy.

Where the rust on a car has progressed
to impair the structural integrity, then
there is generally no option other than to
cut back to good metal, then buy or make
replacement parts or repair panels. In the
home workshop, much can be
accomplished using a Mig welder,
tinsnips, folder and hammers. Adding a
spot welder, bead roller and English wheel
extends the range of capabilities.

For smaller parts, there are available
fluids which are claimed to 'digest’ rust,
and | have had good results with
RustAway (photo 8). Small parts are left
submerged in the liquid for up to a day or
so and the rust is converted to a black
compound which is easily brushed away.

topping up with water for larger.
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Tub on right contains caustic soda, that on left has washing soda
solution and is equipped with plate steel anodes. Both will need

vCi
Emitter
D

VCi
Emitter

TR

Another process which has been covered
before in MEW is electrolytic de-rusting.
Photograph 9 shows two plastic tubs
which have been successfully used to
clean up steel car wheels. The tub on the
right contains caustic soda, which
softened the paint so that it could then be
easily removed with a wire brush. The left
tub, contains a solution of washing soda,
has a steel plate anode at each side and a
wooden frame to ensure that the
negatively connected work piece does not
touch the anodes. In my case, power is
supplied by a variable voltage DC supply
giving up to 24 volts, though a normal
battery charger would probably be fine.
Here the red rust is converted to a black
gunge which can be readily scrubbed off.
A criticism has been levelled at the
electrolytic process, namely the possibility
of hydrogen embrittlement, which might
give rise to cracking. Hence for highly
stressed parts, a de-embrittlement process
should be considered.

Rusting of bolted assemblies poses a
different sort of problem. In one earlier
article, the author noted that the strength of
a rusted joint could exceed that of the
parent metal. Certainly M6 bolts are
notorious for their tendency to shear when
rusted. Conventional wisdom advises the
application (possibly repeated) of a
penetrating oil such as WD40. My own
experience is that this only becomes
effective once there is slight movement of
the bolt, so that the fluid can be worked in
and can then help to move the rust particles
and lubricate the thread, when a forward-

VCI emitters, these supplied by Enginewise.

Rust Prevention and Cure "

RustAway and Jenolite. Note the effect on
the label of the content of the latter.

backwards motion can be applied to the
fastener. | have also found that a sharp rap
with a hammer can help fracture the rust
bond. If access permits, then the application
of heat can be an effective means of freeing
things off. The ideal tool is an oxy-acetylene
torch, but these generally require
committing to a cylinder rental contract. A
Tig torch works well, as does the old carbon-
arc torch (photo 10) which can be run from
a small arc welder. Often though the
simplest approach may be to reach for the
angle grinder, fit a thin cutting disc and cut
away the offending fastener.

We might well ask why heat is effective
here, and part of the answer will be that
the nut expands giving a bit of clearance.
Now | am no chemist, but | suspect that
when heated, the rust changes form
(somewhat like blue copper sulphate
turning white) and in doing so loses
volume or rigidity. Comments from others
would be welcome on this point.

Finally, | would like to briefly digress with
short and possibly relevant story. A
number of years ago, | had been
approached to look at reworking a batch of
used turbochargers. A few samples were
delivered to assess the job. Naturally the
bolts and studs were seized. One or two
were immersed in the caustic soda bath for
a couple of days, and in one case the bolts
were then successfully removed with
relative ease. Others with a deeper
knowledge of chemistry may care to
comment on whether this was just
coincidence or whether the caustic soaking
played a genuine part in easing the rust. B

Twin carbon arc brazing torches were popular for car body repairs
before revised MOT rules effectively banned brazed repairs.

31



Email: sales@pollymodelengineering.co.uk Manufacturers and suppliers to the model engineering hobby www.pollymodelengineering.co.uk

POLLY MODEL ENGINEERING LIMITED <

POLLY f MODEL FPOLLY f MODEL
ENGINEERING LIMITED ENGINEERING LIMITED

New: prototype inspired
5” gauge (0-4-0 Saddle Tank

Easy build coal fired kit loco

¢ (-4-0 wheelbase copes with sharpest

curves on club track or garden railway

e Inspired by full size prototype ‘Trojan’
based at the Didcot Railway Centre

¢ Based on proven POLLY mechanical parts
Fully certified proven POLLY copper boiler
Designed and engineered in the UK
Available to start now!

Boiler and fittings Cab rear removable

Proven Polly mechanics

Saddle Tank detail

Catalogue available £2 posted and enquire for further details or visit our website where you will find
other Polly Locos, Kits, drawings and castings for scale models and comprehensive ME Supplies.

Polly Model Engineering Limited www.pollymodelengineering.co.uk
Atlas Mills, Birchwood Avenue, Tel: 0115 9736700
Long Eaton, Nottingham, NG10 3ND email:sales @pollymodelengineering.co.uk




A beginners’ guide to
Home Metalwor

This time, David Clark looks at lathe tools.

As well as working in

engineering, David Clark has
set up and operated several
home workshops. This regular
series offers much sage advice
for the beginner.

TYPES OF LATHE TOOLS
HSS tools

There are two types of lathe tool that
you might come across in the home-
workshop. The first of these is High
Speed Steel (HSS). HSS is steel that
usually has a mixture of more than 7%
molybdenum, tungsten, vanadium and
chromium as well as more than 0.60%
carbon. It is called High Speed Steel
because it is capable of machining at
higher speeds than the old carbon steel
which softened when it got hot. HSS is
normally supplied as square or round
section tool steel in an already hardened
state (photos 1 and 2). It cannot normally
be hardened in the home workshop.

Tool grades

There are various grades of HSS. The
ones you are most likely to come cross
in the amateur’s workshop are those
designated with a T where tungsten is
the major alloying element and those
with an M meaning that molybdenum

is the principal alloying element; those
designated M are more resistant to wear
than the T grades. The majority of HSS

Twe tungsten carbide brazed tools.
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An offhand grinder with a(ﬂusrbfe
tool rest.

you are likely to come across won't be
marked and will be a T grade.

HSS is easy to grind in the home
workshop using an offhand bench grinder
(photo 3). | recommend using a 46 grit
wheel for roughing and 60 grit wheels for
finishing. The wheels are used are usually
aluminium oxide wheels (photo 4). The
wheel specification recommended is as
near as possible, A46K5V. This can vary a
little bit depending on what you can obtain
form your wheel supplier. | don't
recommend a grit size smaller than 60 for
finish grinding HSS tools as the wheel will

A mild steel mounted tungsten
carbide boring bar.

A boring bar ground from a round
piece of HSS.

A recessed grinding wheel suitable for
grinding on the side of the wheel.

probably glaze over and overheat the tool.
The other type of lathe tool you might
come across is the tungsten carbide lathe
tool. Tungsten carbide tools are supplied
as steel shanks with ‘brazed on’ pieces of
carbide (photo 5 and 6) or as a purpose
made steel shank with a ‘screwed on’
tungsten carbide tip (photo 7). The brazed
on tips can be sharpened in the home
workshop and work out much cheaper
than inserted tips. Inserted tips are usually
made to the ISO standard and are usually
interchangeable with various
manufacturers’ tool shanks. In the USA,

An inserted tip turning tool.

33



.._..__ |

A Mini-Thin grooving and parting
tool with a selection of tips.

Turning a brass component
with the Mini-Thin tool.

tips are usually to the ANSI standard and
are not compatible with the ISO standard.

The tips are often capable of cutting on
more than one edge by turning the tip
round in its holder and, in some cases, the
tip can even be turned over in the holder
to bring other edges into use. Also, some
tips can be used in two types of holder,
each of which allows a different part of the
tip to contact the work.

Tips are often supplied with special
cuttings to lengthen their cutting life.
There are four main coatings in use in
industry. They are TiN (titanium nitride}
which is a gold colour coating, TiC
(titanium carbide)} which is grey, TICN
(titanium carbo-nitride) varies from almost
gold through a coppery colour to a silver
blue colour and TiAIN (titanium aluminium
nitride); the colour of TIAIN varies from
black to bronze depending on the Titanium
to Aluminium ratio in the coating.

One of the inserted tip tools | find most
useful is the Mini-Thin grooving and
parting off tool available as a kit from
J&L Industrial (pheto 8). It is not cheap
but the tips last quite a long while and
can be used for finish turning as well as
grooving and parting off. | finished this
multi-step brass cylinder end cap by
turning with a mini-thin grooving tool
(photo 9) Tips with a 60-degree inclusive
angle are also available for metric
screwcutting. This tool has a %2 inch
shank and takes inserts that are screwed
to the side of the tool. Although the tool
will not part of large diameters, if the
component has a hole through it, it will

The bronze washers can be seen
under the hexagon bolts.

34 www.model-engineer.co.uk

part off up to at least 5mm wall thickness
so a bit of, say 16mm bar with a 6.5mm
hole through it should not pose a
problem. | find the Mini-Thin tool holder
ideal when turning small brass and
bronze fittings for steam engines. | used
it to face, taper turn and part off 12
bronze washers to seal the steam holes
on an oscillating steam engine with no
problems at all (photo 10). The washers
can just be seen under the hexagon
headed bolts.

The tip size

Tip size is designated by the largest
inscribed circle that can fit into the tip
while not going outside the boundary

of the tip (fig 1). The larger the tip, the
greater the depth of cut can be taken
although this will be limited somewhat in
the average model engineers’ lathe. A rule
of thumb is that the maximum depth of
cut should not be more than two-thirds of
the cutting edge length.

Carbide grades

The grades of carbide used in inserts

are based on the toughness and ability

to resist wear of the tip. You should use
the tip manufacturer’s technical guide to
select the proper grade of carbide required
to machine the material you are using.
The type of cut being taken, for instance

continuous or intermittent, should also
be taken into account when selecting the
grade of carbide to be used.

Corner radius

Carbide tips can be purchased with
different corner radii for different
machining conditions and metal removal
rates. The corner radius selected will have
an impact on the surface finish and the

tip life. The larger the tip radius is, the
stronger the insert will be and the longer
it will last. However, the larger the tool
radius is, the more rigid the setup needs to
be to avoid chatter at the tool tip.

Grinding carbide tools
You can grind carbide tipped tools in
the home workshop but it can be a bit of
a slow process. You will need a silicon
carbide grinding wheel which is often
called ‘green grit’ because the wheel is
most often a green colour. Silicon carbide
wheels are most often used as 60 grit for
roughing and 80 grit for finishing. This is
slightly finer than the 46 and 60 grit used
for sharpening HSS but the silicon carbide
wheels used are much softer than the
aluminium oxide ones. Do not attempt
to sharpen tungsten carbide with wheels
meant for HSS or vice versa.

For fine finishing of tungsten carbide tips,
you can use a diamond wheel (photo 11).

Fig. 1

IC = inscribed circle
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A diamond wheel for lapping tools.

TABLE 1
Carben
Material, Steel .
Cuﬂfr Sl — Aluminium
or Drill Steel P Copper| Soft Brass
Diameter Allo Bronze Hard Nickel
In millimetres Steels| Castlron| Gunmetal Mild Steel Brass Silver
15 Metres| 18 Metres| 24 Metres 30 Metres | 45 Metres| 60 Metres
Per Minute | Per Minute | Per Minute Per Minute | Per Minute | Per Minute
50 Feet 60 Feet B0 Feet 100 Feet| 150 Feet 200 Feet
Per Minute | Per Minute | Per Minute Per Minute | Per Minute | Per Minute
250 19 23 31 38 57 76
225 21 25 34 42 64 85
200 24 29 38 48 72 96
175 27 33 44 55 82 109
150 32 38 51 64 26 127
125 38 46 61 76 115 153
100 48 57 76 96 143 191
75 64 76 102 127 191 255
50 26 115 153 191 287 382
25 191 229 306 382 1461 764
19 251 302 402 503 754 1006
16 299 358 478 1902 896 1194
12 398 478 637 796 1194 1592
10 478 573 764 955 1433 1911
8 597 717 955 1194 1791 2389
é 796 955 1274 1592 2389 3185
Fig: 2
Chip thickness
45°
Lead angle
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A hand held diamond lap.

These wheels are impregnated with
diamond and will leave a smooth lapped
finish but they are only suitable for
removing very small amounts of metal.
The double-ended grinder in photo 12 was
seen at a model engineering exhibition a
few years ago (I think it was Harrogate). It
is labelled HSS at one end and carbide at
the other. The tool rests that are fitted are
ideal for lapping carbide tooling as well as
HSS tooling. The rests present the tool to
the diamond wheel at the correct angle for
lapping the cutting edge to a fine finish.

You can also use a hand-held diamond
lap (pheoto 13) for finishing the cutting
edge of both tungsten carbide and HSS
cutting tools.

CUTTING TOOL PRINCIPLES

Feeds and speeds

Feed is usually given as thous per rev.

So, afeed of 5 thou per rev means that

for every revolution of the material, the
tool is feed 0.005 along or across the
workpiece. A feed of 0.001 to 0.005 thou
per inch (0.025 to 0.126mm) is suitable for
use in the home workshop. Of course, if
you have a larger lathe with more power, a
heavier feed can be used.

Table 1 gives the speed for a HSS tool
turning steel bar in a small lathe. | usually
double these speeds for carbide although
in industry they would narmally be four or
five times the HSS speed.

The lead angle

The lead angle of a turning tool is the
angle at which the side of the tool
approaches the work (fig 2). Given a
constant feed, say 0.005 thou per rev, the
thickness of the chip being removed will
vary by approximately the cosine of the
lead angle. So, a lead of 90 degrees (no
angle) at a feed of 0.005 per revolution
will give a chip thickness of 0.005 thou
while a lead angle of 45 degrees will give a
chip thickness of the cosine of 45 degrees
or 0.707 of 0.005 thou = 0.0035. This
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increased lead angle means we can take

F'Q' 3 All h 10° f | a deeper cut for a given amount of power
angles showare o sker with less loading of the machine or the
cutting tool.
i, Toproly Turning tool angles
4 A turning tool is basically a wedge that
Side Front
E dearance clearance r Left face of tool is forced into the material being turned
(see the enlarged wooden tool shapes on

page 31in MEW 215, the May issue). The
tool requires grinding to certain angles
to make this wedging action easier to

happen. For a normal right or left-hand
Front HSS turning tool, angles of 10 degrees
relief Top of tool will suffice (fig 3). For steel the top of the
tool should also be ground back on a 10
Side relief degree angle (photo 14) while on brass,
the top of the tool should be left flat
{photo 15).

Screwcutting

Another useful HSS tool is a screwcutting
tool. For screwcutting | use a HSS chaser
as sold for use in Coventry die heads
{photo 16). These are available cheaply

on eBay and Tracey Tools also sell them.
Just carefully grind most of the teeth away
leaving two or three teeth to chase the
threads with. You will be surprised how
simple screwcutting can be.

Setting the tool’s centre height

It is important that the lathe tool is set to

the correct centre height or it may dig in

or chatter, Quick change tool holders allow

the tool to be set quickly to the required

A tool for brass height as well as allowing the tool to be
does not have changed quickly.

top rake.

A typical HSS turning tool for steel,
note the top rake.

Next time we will make a simple gauge

for checking that the tool is set to the
A die head lathe centre height and take our first
chaser suitable look at the milling machine.

,'.L_Unuunm-'

or thread cutting.
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BRITAIN’S FAVOURITE PHASE CONVERTERS...
THE CE marked and EMC compliant

ONLY PHASE
CONVERTER
MANUFACTURED IN
BRITAIN TO |S09001:2008
iy POWER CAPACITORS LTD
30 Redfern Road,
Birmingham

'Transwave

Harrogate Model
Engineering Exhibition
Friday 9th - Sunday 11th May

e N

POWER CAPACITORS LTD
30 Redfern Road,
Birmingham

B11 2BH

STATIC CONVERTERS from £252 inc VAT

3-YEAR WARRANTY/MONEY-BACK GUARANTEE
240-volt 1-phase input, 415-volt 3-phase output.

Single or multi-motor operation via sockel/plug or |
distribution board. Eight sizes from 1.1kW/1.5hp

to 11KW/15hp, sy

Ideal solution for

“ong machine at

a time” environments. Output retrofifs directly to

existing machine wiring loom so no modification

to machine necessary. Manual power adjustment via switch using voitmeter as guide.

3-YEAR WARRANTY/MONEY-BACK GUARANTEE
240-volt 1-phase input, 415-volt 3-phase output. Single or
mutti-motor operation via socket/plug or distribution board.
P Eleven sizes from 1.1kW/1.5hp to 22kW/30hp. Ideal
mmm solution for multi-operator environments or where
“eennenen {Ully automated “hancs-free” operation is reguired

irrespective of demand. Output retrofits directty to existing machine wiring loom

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

i DRIVE INVERTERSHiom

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

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

B11 2BH

CONVERTERS

5-YEAR WARRANTY/MONEY-BACK GUARANTEE
240-yolt 1-phase input, 240-voit 3-phase output

(i.e. dual voltage motor required). SOFT START-STOP, SPEED
CONTROL, BRAKING, MOTOR PROTECTION and JOG
FUNCTIONS, Simplified torque vector control

giving enhanced performance at low RPM.

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

5-YEAR WARRANTY/MONEY-BACK GUARANTEE
240-volt 1-phase input, 240-volt 3-phase output (i.e. dual
voltage motor required). SOFT START-STOP. SPEED CONTROL,
BRAKING, MOTOR PROTECTION and JOG FUNCTIONS.
Advanced vector control giving optimum
performance at low RPM. Four sizes from
0.4kW/0.5hp to. 2 2kW/3hp.

I
o ™' 2.YEAR WARRANTY/MONEY-BACK GUARANTEE
; .- ._ Suitable for all IMO inverters, this remote pendant allows you to
e accass the sofiware of the inverter remotely, bypassing the
s butions on the inverter itself. START, STOP, FORWARD, REVERSE,
‘ e RUN, JOG, SPEED POTENTIOMETER. NO-VIOLT RELEASE
It safety feature and two metre

l, _‘ r"mm length of 7-core flex as standard.

| e o retrfited

GONVERTERS MADE IN BRITAIN SINCE 1984; 3-YEAR WARRANTY ON ALL
CONVERTER PRODUCTS; BS EN 9001:2008 QUALITY ASSURED MANUFACTURING
ENVIRONMENT; CE MARKED PRODUCTS COMPLIANT WITH EMC REGULATIONS,
THE LOW VOLTAGE DIREGTIVE and BS EN IS0 61000-3-2:2006.

NO SURCHARGE FOR DEBIT & CREDIT CARD PAYMENTS

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

Michael Cox discovers that these tools can have a useful role in the workshop.

| recover the steel panels from defunct

domestic white goods (washing
machines, dishwashers, dryers etc).
Invariably these panels have turned up
edges and removing the edges to provide
a flat sheet can be a real pain. In the past
| have tried using aviation snips but the
problem with these is that the edge does
not want to bend and this makes advancing
the snips into the material difficult and
furthermore since the edge is stiff the sheet
is forced to bend and this tends to distort
the sheet as it is cut. The snips tend to give
a sharp, ragged edge to the cut out sheet.
Another technique that | have used is to put
a metal-cutting abrasive disc into a portable
circular saw and use this to cut the edges of
the panels. This works well but the discs do
not last very long and the operation creates
a lot of noise, abrasive dust and sparks.
Both of these methods are quite slow and
a progress rate of a few metres an hour
would be typical.

One day when browsing the RDG Tools
(ref. 1) site | spotted a nibbler attachment for
an electric drill. This could cut sheet steel up
to 1.8mm thickness and the speed of cut
claimed was an impressive 2 metres per
minute. Furthermore it was claimed that
there was very little edge distortion. This
sounded like the ideal solution for cutting
the edge off of domestic appliance panels.
The nibbler attachment was very reasonably
priced at around £20 and | placed an order.

I rarely have to buy sheet steel because

The nibbler head.
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The nibbler kit.

The nibbler attachment

The nibbler was supplied in a good steel
box, see photo 1. At the bottom of the
photo is the nibbler head. This is double
ended and both arms can be used for
nibbling. In use one arm is normally
covered by the handle shown on the right.
Above the nibbler head is a spanner/hex
key and above that is a replacement cutter
rod. Between the nibbler head and the
handle is a spare cutter arm. Also supplied
is an attachment for cutting circles (not
shown). The nibbler works by having a
reciprocating cutter that nibbles out small
crescents from the sheet leaving a 4mm
wide kerf. The nibbler head is shown in
photo 2. A portable electric drill provides
power for the unit that simply attaches

to 7mm hex drive shaft at the rear of

the head using the drill chuck. Note that
the metal being cut passes into the slot

in the front of the nibbler arm and the
reciprocating cutter cuts on the up stroke
of the cutter rod against the solid support
of the black threaded arm. The nibbles that

The hand held nibbler.

are cut out exit via a small hole in the arm.
The parts below the slot are just to provide
support for the reciprocating cutter.

The first test was made on a rather thick
panel (0.9mm) top off of an old
dishwasher. | drilled a 12mm hole in the
corner, inserted the tool and then started
cutting using the turned up edge as a
cutting guide. It sliced cleanly and quickly,
with no distortion at the edge, through the
sheet steel. It took less than two minutes
to go right round the periphery of a
600mm square appliance panel. Needless
to say | was impressed.

The tool as supplied has a few problems.
The head is not fixed to the electric drill
except by the drive shaft. This means that
the head can swivel on the drive shaft and
this is a little disconcerting in use. If the
head were rigidly fixed to the drill it would
be much easier to control. In addition the
distance between the drill handle and the
nibbler is quite large because of the length
of the chuck. Because of the reciprocating
action of the cutter there is some vibration
in use. The cutter can also cut sideways a
little, as well as straight ahead. Both of
these factors make it difficult to make
straight cuts freehand and some sort of
guide is necessary for accurate cuts. A
further problem, not related to the
performance of the nibbler, is that it
produces thousands of small crescent
shaped pieces of metal during the nibbling
process. These get everywhere and they
embed in the floor and in your shoes.

| decided to address some of the
problems. The first modification was to fix
the nibbler head rigidly to the electric drill,
see photo 3. This makes it much easier to
use as a hand held tool. The second
modification was to design a clamp that
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The Connecting Collar

would hold both the drill and nibbler
firmly to a baseboard and then fix a table
that would fit over the nibbler head. This
modification is shown in photo 4. With
this arrangement it is possible to fix a
fence to the table and this then permits
accurate cutting of sheet materials.

The hand held nibbler

In order to reduce the length of the unit

| decided to eliminate the drill chuck and
dedicate an electric drill to the nibbler.

A basic variable speed, reversible drill is
very cheap nowadays and | purchased one
from Argos at a cost of £9.99 for use with
the unit. The drill chuck was first removed
from the drill. These electric drills are
reversible so the chuck is screwed into the
shaft of the electric drill with a right hand
thread and it is then secured in place by

a left hand screw through the drill chuck
itself. This arrangement prevents the
chuck unscrewing when it is running in
reverse. The left hand screw was removed
by opening up the chuck jaws to their
maximum extent and then unscrewing

it. Once this was removed the chuck can
be unscrewed from the drill by inserting

ok 3
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The nibbler with table.
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the chuck key and giving it a tap with

a hammer in the required direction to
unscrew it. Once loose the chuck was then
unscrewed by hand. The chuck had a 3
inch 20 tpi male thread.

To replace the chuck | made an adaptor
that screwed onto the shaft of the electric
drill. One end was threaded 3 inch x 20 tpi
to fit the drill and the other end had a
7mm female hex socket to fit the drive
shaft of the nibbler head. It is important
that the screwed end is coaxial with the
socket since otherwise much vibration
would ensue. At the time | did not have
any broaches to make the 7mm hex socket
and | pondered for some time on how to
make this component. The solution that |
developed was to form the socket.

First the socket blank (fig 1) was
machined from 12mm round EN1A mild
steel. The next step was to make the form
tool (fig 2) from a length of 7Tmm mild
steel hex bar. The socket blank was heated
up to bright red heat and allowed to cool
slowly to anneal it. When cold the socket
blank was oiled internally and the form
tool forced into the socket until it
bottomed using the bench vice. The
formed socket, with the form tool, was

The hex adaptor screwed into
the electric drill.

then chucked in the three jaw chuck of the
lathe by the formed hexagon socket end
ensuring that the chuck gripped across the
flats. The protruding round end was then
skimmed to clean it up and then turned
down to % inch diameter for a length of
12mm. A run out groove was formed
adjacent to the shoulder using a parting
tool and the % inch section then single
point threaded at 20 tpi until it was a good
close fit in the electric drill shaft. Making
the socket in this way ensures that the hex
socket is concentric with the screw thread.
The piece was removed from the lathe and
the former pulled out. If this is difficult
then place the socket end on a flat surface
(i.e. the top of the bench vice) and tap the
hex socket 'across the flats' with a light
hammer in each of the three possible
orientations and the form tool should just
pull out. The socket should be tested at
this stage to ensure it is a good sliding fit
on the drive shaft of the nibbler head.
Photograph 5 shows the new hex adaptor
screwed into the electric drill.

To fix the nibbler head rigidly to the
electric drill | used a piece of thick walled
48mm diameter rigid plastic tube to make
a connecting collar (fig 3). | am not sure
where this came from but it had been
floating around the workshop for years. A
76mm piece was chucked in the lathe and
the interior bored out at one end to accept
the shoulder of the electric drill and at the
other end to accept the shoulder of the
nibbler head. Note that the bored
dimensions shown in fig 3. were correct
for my nibbler head and drill but | would
advise that these are only a guide. The
bored out ends were slit using a hacksaw.

Assembly of the
hand held nibbler

Next the unit was assembled. The hex
socket was screwed into the electric drill
shaft. Two 50mm diameter jubilee clips
were slipped over the plastic connector
collar and the nibbler head was inserted in
one end and the electric drill in the other.
The two jubilee clips were positioned and
tightened to clamp the parts in place, as
shown in photo 3.

The nibbler table

The nibbler table was constructed from
four main parts: a baseboard, a bracket to
hold both the electric drill and the nibbler
head, four pillars to support the table and
the table.

The baseboard was a piece of solid oak
20 x 300 x 300mm cut from an old kitchen
cabinet door. A piece of 18mm plywood or
MDF would be a good alternative for this
component.

The bracket (fig 4) was made from an
aluminium casting although it could
equally well be built up from pieces of flat
stock. A pattern was built up from
Styrofoam blocks and a sprue was
attached. The pattern was buried in loose
sand and molten aluminium poured into
the sprue. (See MEW issue 181 for more
details of this lost foam casting process).
The finished casting, after removal of the
sprues, is shown in photo 6.

The casting was then mounted in the
mill vice ensuring that it was accurately
vertical and the bottom surface machined
flat with a fly cutter {(photo 7). Using the
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Nibbler Modifications "

The bracket casting. Boring the bracket.

flat bottom as a reference plane the
casting was then marked up for the large
holes. These holes were originally cut out - 5 73

with a 38mm bi-metal hole saw to a6 Drill & 9

remove most of the metal and then set /_ tap Mé _—H—_ /_Ms clear
up in the mill vice for boring with a piece o d : s @43

of 3mm MDF underneath it. The holes ' /_

were then bored out to the required

diameter using a long boring bar

mounted in a boring head, see photo 8.

Note the size of the hole in fig 4 is only /
nominal and | advise that the actual

dimensions of the shoulder on the drill

and nibbler head should be measured
and the hole sizes adjusted accordingly.
The holes should be bored using a long
boring bar that will enable both holes to
be bored without removing the bracket
from the vice. This will ensure that both = = S

holes are concentric. The holes for the J o5 ——I =10
clamp screw studs were then drilled out.
Initially the bracket was drilled out all the 315
way through with a 5mm long series drill.
This was drilled out further with a 6.5mm
drill leaving about 12mm of the 5mm The Bracket

hole for tapping. The 5mm section was Fig. 4
tapped M6. The two 5mm holes in the
base were marked up and drilled with a
5mm drill. The final machining operation Fii. &
on the bracket was to slit the casting 1g9.
using a 2mm slitting saw.

The clamping studs were just two 85mm
lengths of M6 studding. These were
screwed into the casting and locked in
place on the threaded side of the casting
with M6 washers and nuts. Two more
washers and nuts were screwed onto the
other side of the studs as clamping nuts.
The bracket was tested to ensure that the
drill fits on one side and the nibbler head
the other and that tightening the clamp
nuts locks both in place. The assembly
was then dismantled and the bracket
cleaned, degreased and painted. The § (_\/-‘2“3
finished bracket is shown in photo 9. 7

The nibbler head was clamped vertically
in the bracket and this assembly was
placed on the baseboard. The height of the
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The finished bracket.

bottom of the cutter slot was measured
with a height gauge. This height minus
3mm, the thickness of the table, is then the
length that the support pillars must be cut.
It is important that the height of the
bottom of the slot is at or very slightly
above the height of the table. If it is below
the table then the reciprocating cutter will
cause the table to vibrate excessively.

The pillars (fig 5) were made from 20mm
round steel bar. The end was faced off and
drilled out 4.3mm for a length of 15mm
and tapped MS. It was next parted off
0.5mm longer than required. The pillar
was then re-chucked and the parted off
end faced to the required length. This end
was drilled out 3.3mm for a distance of
17mm and then tapped M4. Four such
pillars were made.

The table (fig 6) was made from a 3 x 300
x 300mm piece of steel plate. This was
purchased cut to size. On receipt it was
found to be flat and square and no further
preparation other than to file and smooth
the edges and corners was required. Four
4.5mm holes were drilled 50mm from
each two adjacent edges at each corner.
These were then countersunk to accept M4
countersunk socket head screws. In the
centre of the plate a 13mm hole was
drilled. This was not easy because the
sheet would not fit in the throat of my
bench drill and | had to drill this hole in
stages freehand with the plate clamped in
the bench vice. The hole had to be cleaned
up a bit with a round file and burrs were
removed with a counter sink drill bit.

Assembly of the nibbler table

The table was placed on the on the
baseboard and clamped in place using
toolmakers clamps. Using a portable drill
with a 4.5mm drill the positions of the
support pillars were spotted through onto
the baseboard. Before unclamping the
plate the front of both plate and baseboard
were marked using a marker pen. This is
to ensure that the two parts are always
assembled in the correct orientation.
Once separated the spot marks on the
baseboard were drilled through 5.5mm
on the pillar drill. The pillars were then

12]
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The finished nibbler table.

attached to the baseboard using M5 x
30mm screws with a penny washer under
the head. The nibbler head was clamped
vertically in the bracket and this assembly
was placed on the baseboard with the

nibbler towards the front of the baseboard.

The table was lowered so that the nibbler
head protruded through the table and the
small holes in the table were located over
the pillars. The table was secured with
four M4 x 16mm socket-head countersunk
screws. The bracket was swivelled to

line up the edges with the edges of the
baseboard. The position of the bracket
was marked onto the baseboard by
drawing around it with a scriber. The table
was removed and the bracket carefully
positioned inside the scribed lines on the
baseboard and the bracket securing holes
spotted through onto the baseboard using
a transfer punch. The punched positions
were then drilled through with a 3mm
drill and the bracket secured into position
using 4 x 30mm wood screws. The table
can then be replaced and secured into
position with the screws.

The completed assembly is shown in
photo 10. As a finishing touch four rubber
buffer feet were added to the underside of
the table, see photo 11.

The table fence

The table fence (photo 12) is designed to
provide a straight edge that can be clamped
to the table as a guide when cutting.

The straight edge was made from a
343mm length of 1.5 x 18 x18 aluminium
angle.

The two clamps were made from two
pieces of steel 6 x 16 x 25mm. The edge
was milled down as shown in fig 7. and
the 3.3mm tapping hole and the 2.56mm
pin hole were drilled. The clamp was then
clamped to the end of the aluminium
straight edge and the holes spotted
through. The 3.3mm hole in the
aluminium was enlarged to 4.5mm and
the 2.5mm hole to 2.6mm. The clamp was
then tapped M4. A piece of thin steel rod
(actually a wire nail) was machined down
on the lathe to be a force fit in the 2.56mm
hole and this was pressed into the clamp.

The table fence.
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The underside of the nibbler table.

These operations were then repeated for
the other clamp at the other end of the
aluminium straight edge. The clamps are
held to the straight edge by two socket
head M4 screws with a washer and a
spring washer under the head. The pin
prevents the clamp from swivelling.

Conclusions and use

The hand-held nibbler is much more
convenient than the standard arrangement
in use and it is very easy to use for cutting
large sheets.

The table and fence arrangement permits
accurate cutting of intricate shapes from
sheet materials. Where accurate, distortion
free cuts are required it provides a viable
alternative to a much larger and more
expensive shear.

It is important to ensure that the nibbler is
well lubricated during use. | usually oil the
reciprocating cutter before use and also
use a smear of oil along the cutting line.

| have had the nibbler head for about
three years and it has proved totally
reliable. It must have cut more than a
hundred metres of sheet steel in this time
and it is still cutting well using the one end
of the original cutter rod. | still have the
other end of the cutter rod to use as well
as the replacement cutter rod. B
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AXMINSTER

New drills on the block!

Four new pillar drills - rugged, highly accurate machines for
everyday use in a typical trade workshop and suitable for both
wood and metalworking environments.

All four share many common features...

» Cast iron and machined steel construction for extra strength and stability

* Rack and pinion table height adjustment making it much easier and safer when a heavy
workpiece is mounted onto the table

» Powerful yet quiet induction motors ranging from 375W to 750W, with 12-16 speeds

» Easy-to-use and accurate drilling depth stops, quality keyless chucks, cast iron downfeed
handles, NVR switch and interlocked chuck

AT2001DP
£269.94 Incvat code505203

Bench mounted and the smallest
in the range. If you work at home
and want something with more

strength than a Hobby Series

machine, this model is highly k

recommended.

Chuck 13mm Keyless -2MT AT2801DP

Throat 195mm £359.94Incvat wde505204

Quilltravel  80mm
Speedrange  180-2,740rpm (12)

A powerful, rugged and accurate

Weight 58kg machine, this is about as big a
bench mounted pillar drill as you
would want.
Chuck 16mm Keyless - 3MT
WSTER. ke fipmi
*’:& Quiltravd  80mm
é‘ - Speedrange  160-3,000rpm (16) AT2801FDP AT3202FDP
ht
L g e o £389.9aIncvat code505205 £549.05 Incvat code505206
e ) < The floor standing version of The largest in the range and
‘p@s 60 the AT2801DP - either model no lightweight, this machine
YEAR would be an excellent choice would be completely at home in

Buy with confidence from Axminster!
FREE 3 Year Guarantee - all parts and labour are covered
free of charge for 3 years. Axminster Trade Series machines

are solid and reliable, designed for daily use by medium-sized
‘ enterprises. Expected maximum use of 1,000 hours annually.

for the medium or larger trade
workshop.

Chuck 1 Keyl 3MT
Throat 215mm

Quilltravel — 80mm

Speedrange  160-3,000 rpm (16]
Weight 73kg

Why not visit one of our stores?

The Trafalgar Way, Axminster, Devon EX13 55N Tel: 01297 35058

Sheppey Way, Bobbing, Sittingbourne, Kent MEO 80P Tel: 01795 437143

Lincoln Road, Cressex Business Park, High Wycombe, Buckinghamshire HP12 3FF Tel: 01494 885480
Hamilton Way, BermudaTrade Park, Nuneaton, Warwickshire CV10 7RA  Tel: 02476 011402

Gateway 49 Trade Park, Kerfoot Street, Warrington, Cheshire WAZ BNT Tel: 01925 595888

a small fabrication and general

engineering workshop.
Chuck 20mm Keyless - 3IMT
Throat 257 5mm

Quill travel ~ 120mm
Spead range  200-1,990rpm (12)
Weight T6kg

AXMINSTER
_Tools &Machinery _

Tools & Machinery

Winchester Road, Basingstoke, Hampshire RG22 6HN  Tel: 01256 637477

For more information about the range, visit axminster.co.uk or call 03332 406406

Prices include vat and are valid until 31 st December 2014
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Subscribers, see these adverts five days early!
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Models Offered

M 5 inch gauge scratchbuilt

Brush Bagnall Bo-Bo South

Wales steelworks shunter. Highly
commended certificate at Harrogate
show 2013. Needs Batteries and
control gear to complete. £1,500
ONO. T. 01904 706605. York.

B Black Five 5 inch laser cut frames
plus bogies £70. T. 01543 378719.
Walsall.

W 3% inch gauge William 2-6-2 tank
locomotive in good working order.

Tests run out. Full details on request.

£2,000 ONO. T. 0114 2492849,
Sheffield.

Machines and tools offered
B Chester Model Super-B Multi-
function lathe. Google for specs

or see recent Chester ads in ME

or MEW. £400 O.N.O.

T. 01579 344167. Liskeard.

B Myford 2545 single phase
imperial longbed lathe on industrial
stand. Purchased fully refurbished

from Myford 2005. Little use since.
Fully equipped, recently serviced.
Superb condition. T. 01428 883522.
Guildford.

B Myford ML10 lathe. Older bench
machine in reasonable condition.
3-jaw chuck, faceplate, drill chuck,
drum reverse switch, new manual
and belts. Three change wheels
missing from set. £380.

T. 020 8462 2652.

West Wickham, Kent.

B Quorn Cutter Grinder complete
kit, drawings, book and all handles
made and satin plated. Internal tee-
slot ready machined. Collect only.
£125 bargain. T. 01825 750468.
Uckfield.

B Harrison L5 9 inch, travelling
steady, fixed steady, 11 inch
faceplate, 15 inch faceplate, 8 inch
Pratt ind. 4-jaw, 72 inch Pratt 3 Jaw
steel body, new boring table with
nut. Chucks are 1% inch x TP,
fixed 4 way toolpost.

T. 01237 441765. Bideford.

B EW. convertible lathe, full set
gears, boring table, vertical top
slide, chucks, face plate, catch
plate, centres, drill chucks, motor
lay shaft, belts, reversing switch, 6
speeds + back gear. Any sensible
offer. Suds pump in tank new.

T. 020 8491 1173.

London E.

B Two bench drilling machines
240V-1 phase, GWO. One Warco
£45, one NuTool E35 or togsther
£68. Callect only unless local.

T. 01825 750468. Uckfield.

B Hobbymat mill with 2MT quill,
complete with milling vices, tool
and cutter holders and cutters
£700 ONO. T. 01243 783387.
Chichester.

B Exe 3% inch screwcutting

treadle lathe on motorised stand
complete with two backplates, three
chucks and extensive tools and
accessories. £700 ONO.

T. 01243 783387.

Chichester.

B Clarke 300mm lathe GL300M,
face plate, steady etc. £350. Clarke
10mm Mill CMD10. £250. Proxxon
Lathe PD400 £1,400. Proxxon
Kreissage FET Sawbench Diamond
Whesl. £300. T. 01929 423902.
Swanage Dorset.

W Universal Drill/Mill. High quality
mill drill £400. T. 01543 378719.
Walsall.

B 4 inch Barnes lathe (American)
on cast iron legs, ideal restoration
or spares. £120. T. 01684 592968.
Worcester.

B Kerry Super 8 floor-standing pillar
drill. 8 speed including back gear,
no.2 MT, ¥ inch chuck, round tilting
table, GC, £225. T. 01684 592968.
Worcester.

Miscellaneous Wanted

M Dore Westbury milling machine or
unfinished project or any castings
and drawings to build one.

T. 01684 592968. Worcester.

SEE MORE [TEMS FOR SALE AND WANTED ON OUR WEBSITE www.model-engineer.co.uk/classifieds/
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Don’t know what it’s worth?

® (Good prices paid for all live steam models
Locomotives from gauge 1 to 10% inch
Traction engines to 6 inch scale
Part-built or broken through to exhibition quality

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

¢ Fully-insured collection nationwide

e Payment in full on collection

Speak to the experts

STATIONROADSTEAM C()hl

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

Station Road Steam Ltd, Unit 16 Moorlands Industrial Estate, Metheringham, Lincs LN4 3HX
Open daily Monday to Friday from 8am to 6pm, visitors welcome by appointment

The

Steam Workshop

All steam models bought, sold, exchanged, valued, restored, repaired, finished, painted, lined,
...... and of course,......played with!

5" Southern L1

1" Davay Paxman

6" LB&SC Terrier

We always have a huge number of models in stock, and are always interested in anything from a set of
castings to a gold medal winner. Please do visit our website, or simply give us a bell for the most friendly,
helpful, fair and knowlegable,..... (if we do say so ourselves),..... service available.

By Enthusiasts
For Enthusiasts

. 07816 963463
www.steamworkshop.co.uk




Scribe a line

YOUR CHANCE TO TALK TO US!

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

SWARF STOPPERS

Looking at photo 57 in Pt 4 of David
Piddington’s Instrument Vice article (MEW
212), and reading about the problems of
swarf getting into the 3-jaw chuck, this
solution occurred to me:

1) Go to a tyre repair place and ask if you
can have a couple of ruined inner tubes.

2) Cut a circle out that will cover the chuck
in question, plus a bit, and an
undersized hole in the middle.

3) Stretch the inner hole down over the
workpiece and, presto, an apron to
protect the chuck without getting in the
way (see below). Make sure the cutter
won't come into contact with the rubber
during the course of the work.

Once the job is finished, brush the
apron off into a scoop, then remove
from the workpiece.

The rubber is very stretchy and half a dozen or so of these with different sized holes
in the centre (even square or rectangular holes) should cover most work.

| always have some inner tube lying around as | find it useful for all sorts of jobs. |
even used strips as a makeshift drive belt for my miniature Flexispeed lathe's foot
treadle drive until | was able to get a leather belt. | got mine from a truck tyre repair
place. They pointed me out the back where they were scattered among a mountain of
dead tyres.

Hope this is helpful, and is something I'll have to bear in mind if | ever setup a
vertical chuck. Ah, it could also be put over stock in vices to keep swarf off your
parallels etc.

Duncan McHarg

David Piddington, replies: | would like to thank Duncan McHarg's excellent idea of
using old motor inner tube rubber. | admit my use of kitchen roll was a quick fix stop
gap solution (puns intended) but from my motoreyeling days when bikes didn't have
tubeless tyres | had such an old tube and arranged a swarf catcher as in the attached
image. It's not perfect but it helps in keeping tiny particles from the slideways.
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PAINTING PATTERNS

| refer to the Everyday Engineering for
Absolute Beginners article in MEW 208.
Generally, | pretty much agree with what
Mr. King has to say about patterns and
foundry work, particularly the bit about
asking advice from the foundry before
setting out to make a tricky pattern with
maybe 5 or 6 cores

Later, however he says that patterns are
traditionally painted red where the core
prints are, but black for the main body of the
pattern. This hasn't been my experience at
any of the several UK commercial foundries
| have used over the last 40 years, where
normal practice is red for the main body of
the casting, which is going to be used 'as
cast’, black for core prints, and yellow on
faces which are going to be machined.

| did some checking on line, and this
seems to be the norm, although | do have a
book from the 1940s which uses the same
colour code as Mr King. Probably the best
thing is to check with the foundry which you
are going to use, and use the same coding
system as they do. | admit | don't use the
yellow at all, just the red and black. | paint
the core boxes black as well so it's clear
what they are. Believe me, it is important to
the moulder to have the core prints clearly
identified, he may be used to trying to work
out what people want, but it doesn't mean
that he likes doing it, and you are paying for
his time. If he gets it wrong because you
haven't identified the core prints, then it's
not his fault and you will be paying for a
new casting. I've got about 30 or 40 patterns
now, from various projects, each pattern has
a number, recorded in a notebook, and
written on the pattern with a Tippex pen.

If it's a two part pattern, then it says
'‘Pattern No. xxx Part 1 of 2 etc. The core
boxes are labelled 'Pattern xxx Core box
1 etc. and | also put the core number on
the corresponding core prints on the
pattern. Tippex is pretty tough stuff and
doesn't seem to rub off during moulding,
although | admit most have only been
used once or twice.

If you are only doing one or two patterns,
then yes, polyurethane paint will be OK,
but if you are doing a number, it's worth
getting some of the proper pattern makers
paint; it seems to strip better from the
mould. | use John Burns Patterncoat, the
downside being that it's only available in
2' litre tins, and is pretty expensive stuff.
It's available (or was a couple of years ago)
in traditional form containing lead, orin a
lead free version. | have to say the leaded
version covers much better; you only need
two coats at most, but probably three or
four for the lead free paint.

Richard Wilson
Birmingham

Model Engineers’ Workshop



PI AND SCREW THREADS

| have read with interest the recent
excellent articles by Brian Wood on

the subject of gearing ratios for thread
pitches and cutting D.P. worms — among
other ‘threading’ possibilities. Of possible
interest for this series of articles is a
personal ‘hobbyhorse’ of mine; that is
also using some of the possibilities of a
built in screw-cutting gearbox, viz:-

As in the articles the basic requirement
for cutting Imperial DP worms and also
Hobs is a lathe with a (4, 6, or) 8 TPI
leadscrew and a screw-cutting gearbox
with a reasonable selection of normal
pitches. | added a set of four gears that
initially will probably have to be bought.
These are 25t, 50t, 51t, 77t (fitted as 77 x
50/51x 25 = 1:3.14186). These gears
replace the usual 1: 1 ratio between the
mandrel and reverse gears and the
gearbox input when using the gearbox
for its designed purpose. Incidentally in
reverse that ratio gives 1/3.1416 or ‘one
pie-th’, this also has uses.

The method is to use a mindset that
recognizes the gearbox/leadscrew
combination for what it in effect is - a
variable pitch leadscrew. If this is then
combined with a gear drive from the
Mandrel to the Gearbox that provides a
ratio of 1: 3.1416 (and in most cases | use
power input to the leadscrew not the
Mandrel), then what we have achieved is
any pitch of ‘threads per inch’ set on the
gearbox is spread out to become a ‘DP’
pitch on the work.

So if we take for example: set 16
Threads per inch on the gearbox and
multiply the input drive by 3.1416. The
leadscrew now moves the cutter by 16
tpi x 3.1416, which is the same pitch as
‘16 per inch of diameter’; the thread of
‘rack form’ cut will be 16 DP. 16TPI =
0.0625 inch pitch, multiplied by 3.1416 =
0.19635 inch - right on to 5 decimal
places. BUT DO NOT DISENGAGE THE
LEADSCREW HALF NUTS DURING THE
OPERATION!

Some of the larger (and more
expensive) Chinese and Taiwanese
‘geared head’ lathes sold here in New
Zealand have this 'pi' factor for cutting
DP worms built in as basic by means of
some sort of differential or epicyclical
mechanism, which is what gave me the
idea in the first place. | have saved others
doing the weeks of conjugate fractions
with ‘Brocot’s’ tables to get those four
gears!, six gears will give you if you
must, an accurate 'pi' to about 12 places
- but you can work it out!.

| started on the above many years ago
because my lathe did not have the
standard fixed set of gears, but instead
like many modern lathes has a semi-fixed
ratio between mandrel and ‘Norton type’
gearbox. This meant that some of the
pitches available meant a change in that
ratio for which gears were supplied. The
combination with the gearbox making the
tables of gears for cutting DP worms
useless as | did not have the gears.

SIMPLE INDEXING

limited equipment is to:

2) Then isolate the lathe for safety.

in the tailstock.

It was a nice article by Richard Rex; he required three holes on a 0.92 inch PCD
Another method | have successfully used that could be a useful tip for anyone with

1} Face and turn the component in the lathe using the 3 jaw chuck.

3) A length of mild steel, 6 x1 x ¥ inch is mounted on its side in the tool post and
protruding forward to clear a small battery drill, having pre drilled a hole though
one end for a pilot hole. (So the hole is in line with lathe axis).

4) Align the hole on the centre height and on the centre line, using a centre

5) Taking up any backlash, wind the cross slide back half the required diameter.

6) The chuck jaw can now be used to index 3 holes on the PCD using a suitable length
of stock as a stop, from the lathe bed or setting up a magnetic base in the swarf tray.
7) Drill each hole using the pre-drilled hole as a guide/drill bush with the battery drill.

8) The holes can then be opened up to the required diameter using a pillar drill.

A 4 jaw chuck would enable four holes to be equally spaced on a component.
Many thanks for a well-produced magazine.

David Shore

| do not know if any of the above will
work on metric gears as | have not given
it any thought, perhaps one of the
‘Ancient Wise Ones’ of the hobby would
care to comment.
Peter J King.
Christchurch, New Zealand

LINSEED OIL

In his very interesting and useful article in
issue 210,Fred Maddalena discusses the
Chemical Colouring of steel and mentions
the use of linseed oil and boiled oil.
Linseed oil is to all intents and purposes
an innocuous material to have around,
but it does have one bad property. If a
cotton rag is used to mop up a spill,
crumpled up and thrown in a bin, there is
danger of a fire. How long this takes
depends on ambient temperature, access
to air etc but overnight to several days is

about right. This behaviour is more of
concern to woodworkers than metal
workers because woodworkers tend to
use more linseed oil and readily
combustible wood shavings are also
likely to be present. A friend of mine lost
his garage in this way.

Boiled linseed oil was widely-used in
the old-time varnishes but its only current
use as far as | know is in artists paints. It
consists of linseed oil which has been
heated with driers e.g. lead, cobalt to
increase its viscosity and hence drying
rate. It is a far greater fire risk than
linseed oil and its use is best avoided
completely.

The vegetable oil mentioned by Mr
Maddelena is less of a fire risk and as he
says, less likely to release toxic fumes
than hot, old motor oil.

Charles Lipscombe
Australia

We would love to hear your comments, questions and feedback about MEW
Write to The Editor, Neil Wyatt, Model Engineers’ Workshop, MyTimeMedia Ltd., 9 High Street,
Green Street Green, Orpington, Kent, BR6 6BG. Alternatively, email: neil.wyati@mytimemedia.com
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Harold Hall tries an
unconventional approach
and encourages us to
consider setups that are
beyond the normal, not
only with soft jaws.

had made a clock hand and had to
I produce a hole in the centre which was

then to be a very firm push fit on the
boss on which it was to be fitted. Whilst
the boss would of course be turned to fit
the hole, the hole had to be truly round
else the fit would not be secure enough.

A drilled hole in material that thin was of
course not on, especially at that stage,
other than maybe sandwiching it between
two thicker pieces, then reaming it whilst
still in the sandwich. The problem then
being getting the hole central in the hand,
even so, this looked liked the method |
would have to use. Of course, | should
have produced the hole before cutting the
hand's shape, even then drilling would not
be on, but the sheet could have been held
on the lathe's faceplate for boring.

| did also consider using double adhesive
tape to hold it to a solid faceplate with
some supporting pieces added around it,
but thought that in removing it, it would
be easily bent. If that happened, flattening
it would be next to impossible.

| also, foolishly, considered using soft
jaws but obviously the two projections
could not be accommodated. | noticed,
however, that two jaws would wrap
around the central hub by more than 180
degrees and so an idea was born. | think

Harold's two-jaw
technique gives
Just enough
support for the
light cuts needed
to finish this
tricky task.

the photograph | have included shows the
setup adequately and little more needs
saying, other than that | produced the
recess with the three jaws fitted, then
removing one.

The situation reminded me where a
group of technicians are discussing a
problem, they are encouraged to say just
what comes to mind, no matter how
foolish, as this may spark an idea by
another that solves the problem.
Brainstorming | think it is called. B

In our

ex

N

Alastair Sinclair =~
describes how he
pressed his mill to serve
as a vertical lathe.

Issue

Coming up in issue 217
On Sale 6th June 2014

John Smith loses sleep
over workholding
mandrels. ¥

~ Howard Jennings

shows how to
combine power and
hard stops for a mill.

DON'T MISS THIS GREAT ISSUE - SEE PAGES 22 AND 55 FOR OUR LATEST SUBSCRIPTION OFFERS
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PRO
MACHINE
TOOLS LIMITED

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

- Wabeco produce quality s
rather than eastern quantity

CNC machines are offered with a variety 'm-_:_____,____
of CNC control and software systems, - — s -

and still be used as manual machines.
700 x 180mm

= Z axis - 280 mm
= Speed - 140 to 3000rpm
* Power - 1.4 KW

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

year- d B
warranty i =W

Wabeco - &N Siz? - 900 X 610 960mm
CNC Lathe CC-D6000E 2‘ — Rt
* Centre Distance - * Size - 1215 x 2 ﬂj \] wabeco Lathe DGOOOE
600mm 500 x 605mm |

* Centre Distance - 600 mm

= Centre Height - 135mm

= Speed - 30 to 2300rpm

* Power - 1.4 KW

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

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

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

Wabeco Lathe - Centre Distance - 350mm

= Centre Height - 100mm
D4000E L] Speed -30to 2300l'pm ‘Q warranty!
% * Power - 1.4 KW g

* Size - 860 x 400 x 380mm
» Weight - 71kg

P—

Wabeco
CNC Mill
CC-F1410E =

; *Table - 700 x 180mm

*Z axis - 280mm = Speed -
: 140 to 3000rpm
= Power - 1.4 KW

Size - 950
# %600 x 950mm
= Weight - 122Kg

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

We regularly ship worldwide PRO Malchlne Tools Ltd.

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

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

WWW. B m CO m a C h i I'IetOO |S. CO . U k sales@emcomachinetools.co.uk
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John Pace concludes his article for users of the Quorn T&C grinder.

The Quorn Tool and Cutter grinder
may not be familiar to some of
our readers. It was designed many
years ago, by Professor Dennis
Chaddock, as a versatile industrial

machine that was also suited to
home construction. It never went
into production but very many
have been made. The undeniable
versatility of the Quorn comes at
the cost of some complexity. In
this article John Pace describes
some aids and techniques that
he uses to undertake some of the
more challenging tasks.

smaller grinding allowance is set
Aas the cutter size is reduced, this

obviously becomes a matter of
judgement and experience. The work
head is locked in position. The tilting
bracket is set at 6 degrees so the cutter is
tilted up toward the grinding wheel. The
micrometer is removed, the workhead
rotated 90 degrees clockwise, the edge
of the flute lined up with the grinding
wheel (stationary) and the clearance angle
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Facing plate fitted to grinding head used to check the clearance angle.

observed. | use a simple accessory which
replaces the grinding wheel for setting up
and fits in the grinding spindle as shown
in drawing 3 that resembles a faceplate,
this makes this observation much easier.
Ideally the face of this plate should touch
along the land of the ground flute so

the clearance angle will match. This can
be difficult to see so | usually allow the
heel to touch showing some clearance

at the cutting edge. In photo 6 the arrow
indicates the leading edge of the cutter is
just clear of the faceplate. This will mean
that there will be a greater angle on the
radiused part of the edge than the flute but
the cutter will be free cutting.

It should be noted that in the Quorn book
instructions the cutting edge is set up 90
deg from the setting pin and setting the
tilting bracket should give the correct
clearance to the radiused part of tooth.
However this is done the important thing
is to have a positive clearance at these
edges. Most ballnose cutters made have
the radiused portion ground off parallel to
the axis, if the ball nose or radiused corner
follows the helical path of the flute, some
variation of the finished profile can result.
Providing the requirement for the finished
cut is only cosmetic the only real
importance is that the cutting edge has
enough clearance. [f there is any doubt
about this a quick check can be easily
made using a dti. Resting the stylus on the
land, if the cutter is slowly rotated, the dti
will indicate the rise of the cutting edge,
which must obviously be positive all the
way to the cutting edge.

If the cutter has been rotated to adjust
the clearance angle as in drawing 2a
position 3, recheck the settings again
with the micrometer. The grinding wheel

Measuring the diameter of a ground 3 flute cutter.

is fitted with its axis square to the bed
bars, | set the rotating stops to grind to
the centre of the cutter but leave the edge
setting to 80 degrees. The cutter is
carefully adjusted up to the rotating
wheel as in position 4, as soon as contact
is heard the front bar micrometer is
adjusted to zero and grinding
commences. Once the 0.005 inch grinding
allowance is used up the machine is
stopped and the cutter inspected. If more
grinding is needed the work head and
cutter will need re-setting to give more
grinding allowance. Continuing to grind
without doing this will run the grinding
wheel into the diameter of the cutter and
remove the previously sharpened flute
edge. When eventually the radius is
ground, the tilting bracket is adjusted to
grind a secondary clearance angle, | find
about 20 degrees is enough. The
diameter of reground 3 flute cutters can
be measured simply by using a vee block
and clock gauge as seen in photo 7. The
cutter is mounted in the vee radius and
the clock gauge set zero on the shank.
The vee block is re-positioned and the
cutter rotated under the gauge to get the
highest reading. In this case, 0.043 inch
doubled to 0.086 and added to the 0.625
inch shank = 0.711 inch. This % inch
cutter has been ground several times on
the cnc machine and still cuts as new.
Shown here in photo 8 this three-flute %
inch endmill was the other one of two
that | bought at the same time, this one
has also been re-sharpened several
times. The ends of the teeth have been
chipped, to save grinding the end away
and making the cutter shorter it has been
used to make a radiused tip cutter, the
resharpened cutter is seen in photo 9.

Model Engineers’ Workshop



Grinding Radiused Endmills "

Drawing 2a

Fourth, move cutter up to rotating wheel|

back off a little before grinding

Setting For Grinding Ball Nose Cutters

Set front micrometer to zero, when contact is made

Third, the ed_gﬁ of the flute is placed
in contact with a faceplate in theﬁrinding
spindle. The cutter is rotated to lift the edge
to maintain the clearance angle.
Rotate to maintain Recheck first & second stages & adjust if required
clearance angle

Centre of cutter positioned
inline with inner edge of cup wheel

Dressing the grinding wheel to give
a more local point g%mnmct will
allow grinding to blend in with the
flute edge without interference

Drawing 3

0.250—=

@2250

To suit Quorn
grinding spindle

Setting Faceplate Steel

Front face must be
perpendicular to spindle axis

The damaged edge of this cutter re-
ground and used for a radiused edge.

Cutter restored and ready for use.

June 2014
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Drawing 4

First: E.g. to grind radius of 0.045in
Setting micrometer is set to read zero at 0.500in
so micrometer set to read 0.545in

Adijust cutter so flute edge touching micrometer
Adjust tailstock casting support bar to contact
workhead bar, & secure

Second, back off micrometer, roatate 90°

Reset micrometer to 0.550in

Adjust workhead position to touch micrometer
The difference of 0.005in is the grinding allowance

0.550

= [

Radius edge cutter used in leadscrew clearance slot. Grinding the radius on a lathe tool.

. S
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Grinding Radiused Endmills "

Drawing 4a  —

—

back off a little before grinding

Rotate to maintain
clearance angle

Third, the edge of the flute is placed

in contact with a faceplate in the grinding
spindle.The cutter is rotated to lift the edge
to maintain the clearance angle.

Recheck first & second stages & adjust if required

Fourth, move cutter up to rotating wheel
Set front micrometer bar to zero, when contact is made

Setting For Grinding Corner Radius Cutters

Dressing the grinding wheel to give
a more local point of contact will
allow grinding to blend in with the
flute edge without interference

Setting up to grind cutters

with d corner radius

A similar sequence of events is required
to set up and grind cutters with a corner
radius. For this it is not necessary to know
the diameter of the cutter or to use the
setting pins. The sequence is shown in
drawing 4. The example shows a cutter
with a corner radius of 0.045 inch, the
micrometer is set at 0. 545 in position

1 and rests against the flute (photo 10).
The centre casting is adjusted to bring
the two bars in contact as in the earlier
example. The micrometer is repositioned
as shown in position 2. The setting has a
few thou added for the grinding allowance
and the edge brought into contact with
the micrometer (photo 11). Again for

best results the cutter should have been
sharpened along the flutes and also the
end teeth, these will be ground again
when the corner is ground but this makes
it easier to setup.

With the cutter set in position, as with
the previous example, the workhead is
rotated bringing the flute edge in contact
with the setting faceplate {position 3
drawing 4a). As this type of cutter will
likely follow a helical path all the way up
to the radius, when setting this clearance
the cutter may need to be rotated slightly.
If this is the case the positions 1 and 2 will
need to be checked and reset. When the
cutter is set and ready to grind the cutter is
set in position 4 and carefully brought into
contact with the grinding wheel. The front
bar micrometer is set to zero and grinding
can commence. The cut should be backed
off a little, as if the corner is not already
ground a rather heavy cut will occur as the
corner stands out proud. When the

June 2014

0.570

|J‘__+_

From drawn example:
Set tool at |5° on rotating base

Grind to 0.076in dimension

Rotate workhead 180° - 10° clockwise
& grind other side

Set toolbit 90° to grindstone

Rotate workhead 95° clockwise

to grind top edge

Align toolbit with rotating base axis

Adjust micrometer to 0.570in
=0.062 + 0.005 grinding allowance

Set rotating stops for angle required
Set tilting base angle 5°
Grind nose radius

Set workhead to give required side clearance, eg. 5°

Position centre support bar to contact workhead

Move workhead to touch tool tip on micrometer

Check with micrometer for 0.5625in dimension
Reset flanks & grind to blend in with nose radius

Drawing 5

0.076
it

iR

| /4in Round Tool Steel
I 5° Side Angle
I1/16in Nose Radius

grinding allowance is used up the end
teeth should have been ground again as a
few thou had been added at the start.
Stopping the grinding wheel and
inspecting the cutter should reveal if any
further grinding is necessary, a useful tip
is to run a black felt tip pen on the edges
before grinding - this will show up clearly
which parts have been ground. Asinthe
previous example the rotating stop is set

at 80 degrees. The rotating stop for the
end teeth is set 2 degrees past zero, so the
heel of the tooth is undercut. The rotating
stop can be adjusted closer to 90 degrees
providing the grinding wheel is not cutting
into the flute, a narrow flat section on the
grinding wheel makes a more local contact
and makes this easier to do.

I choose cutters that have damaged end
teeth, or would need excessive grinding

53



along the tip of the flute edges to bring
them back into use, for corner radiusing. |
feel that this is a better use for old cutters
than chopping off the end of the cutter to
get back to an unworn section of flute, as
has been suggested previously in MEW. A
radiused cutter was used to cut the
leadscrew clearance slot in this machine
slideway (photo 12). In some cases there
is a good reason to have a radius instead
of a sharp corner, particularly in items
made from cast iron. In this instance the
radiused edge will also prevent the build
up of swarflodging in a sharp corner in
the shaper slide.

Lathe and shaper tooling

Grinding lathe or shaper tooling with a
nose radius is also much easier to do,
using the same alignment pieces for setting
up. The setup is much the same as with the
milling cutters. The tool shown in photo

13 has an equal angle from its axis and

the nose radius ground to blend in both
sides. If the tool is an important one, a few
moments spent drawing in a cad program
can be useful to get the measurements for
setting the micrometer. This need not be a
full drawing, just enough to work out how
much to remove from each side. Figure

5 shows an example of this basic idea.
Perhaps this seems a lot of work to do to
grind a toolbit but when using larger size
tool bits it will save more time than it takes
to do the drawing.

Photograph 14 shows a collection of
reground radiused edge milling cutters.
The secret to be able to grind these cutters
either ball nose or corner radius is, like
everything else, lots of practice but having
this simple little addition makes the initial
setting up a lot easier.

Some !houahl‘s on the CNC
grinder and the Quorn

| had an invitation from the SMEE to
take partin the 2012 MEX show at
Sandown park as they were featuring a
section on CNC machines. | was happy
to be able to take part and the CNC

oA - = \
A selection of finished milling cutters.

cutter grinder shown in photo 2 was
displayed and running a simulated cutter
grinding sequence. It was an interesting
experience, many of the people who
stopped and looked at the machine asked
if it was worth doing. | posed this simple
question "so you have just bought this
nice lathe tool from X, cost about £2.00,
taken it home, used it a few times and

its gone a bit dull. What do you do?"

On every occasion the response was
"well | will grind it!" The second part of
the question was "you also bought a
milling cutter from the same stand, cost
about £15.00 also used it a few times,
not cutting as well as when it was new.
What will you do with it?" The reply was
more often than not "chuck it in the ice
cream box with all the rest!" In view of

If you can't always find a copy of this magazine, help is at hand! Complete this form and
hand in at your local store, they’ll arrange for a copy of each issue to be reserved for you.
Some stores may even be able to arrange for it to be delivered to your home. Just ask!

Please reserve/deliver my copy of Model Engineers' Workshop
on aregular basis, starting withisswe

Tide__ First name.

Subject to availability

Surname

Address
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the difference in price from the former to
the latter there does not seem to be much
logic with this response. | know it takes
quite a bit of effort to set up for cutter
grinding but it can be a rewarding activity
in its own right.

Refering back to the book By Professor
Chaddock, in the introduction to Building
the Quorn he states that: "The answer is
of course, that end mills, circular saws
and milling cutters of all sorts require
re-sharpening just as much as lathe or
any other cutting tools, if they are to be
kept in good condition and to do good
work". The Quorn grinder is an excellent
project to undertake and would be a good
second project for a beginner. How do |
know? — | was a beginner when | built
mine. | know it looks a complicated
machine but when it is broken down and
viewed as separate parts it becomes less
daunting. The Quorn book breaks down
the construction in this way and the build
instructions are clear and concise. Not
much workshop equipment is needed -
according to the introduction the machine
was designed to be made using only a 3%
lathe and small milling machine. That is
what | used, a Myford lathe and a Dore
Westbury milling machine. Should you
be thinking about building a Quorn
grinder don't be put off by some of the
negative things that have been said by
people who have not built one. Try if
possible to ask the opinion of someone
who has built one. There are nearly
always several on display at the Model
Engineer Exhibition. Try and engage in
conversation with the owner or builder
- most will only be too happy to talk
about their machine. | have not regretted
a single moment spent building my
Quorn grinder, it has been one of the best
pieces of equipment that | have ever
made. Used in conjunction with the cne
cutter grinder they are an unbeatable
combination. B

Model Engineers’ Workshop
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CNC In the

(Model Er

This series of articles starts
with the fundamentals and

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

There is a support website

for the series at:
www.cncintheworkshop.com

Make a subroutine

Let's take each cut around the path by
lowering the CP (Z) then using the code
shown last issue to go around the path.
If that action of lowering and cutting is
repeated enough times, that sequence
will do the job. That's the technique we
used in our last project, so there's nothing
new in the concept. For the moment, just
to make life easy, we will forget about
ramping into the work; let’s take one step
at a time.

Instead of having to type the code for the
path each time, it can go into a subroutine.
A subroutine is simply a section of code we
can use as many times as we like. We only
need to type the code once, but can use it at
any time, and use it repeatedly if need be.

To identify the section of code, it has an
identifying number at the beginning, and a
specific command at the end. Here's what
it might look like:

0100 (The start of the subroutine with
reference number 100)

[put the code to machine the

periphery herel

M99 (signals the end of the subroutine)

In 0100, the O is a capital letter and the
100 is a number. M99 is always the
command used at the end of a subroutine;
the number doesn’t change.

Although we gaily talk about the G-code
language, and although the majority of
commands do begin with G, the O code
denotes a flow control command related
to the logic of the sequence of commands
in a program. There are M codes, F, S and
T codes too. Why we favour G would be a
mystery unless we knew that it is entirely
a co-incidence and has nothing to do with
the fact that some commands begin with
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Subroutines

This month, Marcus Bowman makes repetition easy.

Fig. 66
(063)

(140,63)

(-3,60) 1{. S

Baseplate

.}043,50)

A

Y
~3,0) 143,0
: 4))—:*. > J ( )
(-10,-3) (0,-3) (140,-3)
@ - Work Origin (0, 0)
- Start and end of path
@ - Key points on the path
Note: this diagram was referenced in MEW issue 215.
the letter G (see the notes on the support G12Z-3
website at www.cncintheworkshop.com). M98 P100
Reference numbers can be anything in ... and so on
the range 1to 9999. M30
To avoid confusion, subroutines go after 0100
the M30 statement at the end of a program ---- put the code to machine the
so they do not appear in the normal flow periphery here ----
of commands in the main program. M99

To use a subroutine, use the command
M98 P~ substituting the reference number
of the subroutine in place of the ~
character. So M98 P100 would call up the
code from subroutine 0100 and carry it
out. When it has finished (i.e. when the
subroutine reaches the M99 command)
the program interpreter returns to where it
was in the main program and carries on
from there.

This program will repeatedly lower Z and
cut the periphery:

GO Z20 (Safe Z)
GO X-10Y-3
G1Z1

M8 P100
G1Z-2

Mas P100

That has the same sequence as the
programs we have used before, but the
structure is neater and, as we will see, it
allows us to use other powerful
techniques.

Clean code

Using the subroutine is termed

‘calling' the subroutine; so M98 P100

calls subroutine 100. It's a computer

programmer’s term, really, but useful

nevertheless, because it is generally

understood, at least in the word of code.
One of the important things about

subroutines is:

clean entry/clean exit

Model Engineers’ Workshop



That means the subroutine should begin
its movements from a predictable start
point which must be the same each time.
It should finish at a predictable end point,
which must be the same each time.

The only exception to this rule is when
we have deliberately created just that: an
exception. Even then, there must be a
reason for that, and the start and end
points each time the subroutine is called
must be predictable.

The subroutine should leave no loose
ends, and should cause no unexpected
effects for the rest of the program.

In practice, this means we need to
consider where the CP is before we call a
subroutine, and think about how to get to
a suitable position before the subroutine
does its work. Similarly, at the end we
need to think about where the CP will be
and whether we need to do some
additional moves before continuing with
the other parts of the program. The more
of this that can be done inside the
subroutine, the better.

Improving the final finish

The program should do its job quite nicely,
but we can easily improve the surface
finish by taking a fine finishing cut in the
opposite direction, using climb milling.

To do that, move the CP outwards a little
for the initial roughing cuts (perhaps 0.1 or
0.2mm), use the subroutine technique as
before, then take a final cut at full depth
moving the CP clockwise and cutting to
final size.

{(Machine the work 0.1mm oversize)
GO0 Z20 (Safe Z)

GO X-10.1Y-3.1

G1Z1

Ma8 P100

G1Z-2

Mag P100

G1Z-3

Ma8 P100

... and so on, finishing with a cut at Z-10
(Machine the work to final size by climb
milling}

GO X-3Y-3

GO0 Z-10

G1 X-3Y60

G2 X0Ye6313J0

G1 X140 Y63

G2 X143Ye0 10 J-3

G1 X143 Y0

G2 X140¥-31-3 J0

G1X-3Y-3

GO X-10Y-3

GO0 Z20 (Safe Z)

M30

0100(Machine the work oversize,
cutting anti- clockwise)

(Entry assumes X-10.1 ¥-3.1)
(Exits with X-10.1 ¥-3.1)

G1 X140 Y-3.1

G3 X143.1 Y010 J3.1

G1X143.1 Y60

G3 X140 Y63.1 1-3.1J0

G1 X0 Y63.1

G3 X-3.1Y6010 J-3.1

G1X-3.1Y0

G3 X0 Y-3.113.1J0

GO X-10.1Y-3.1

Mag

Complete the program using the basic

structure outlined in MEW 209, with
Comments, an Initialisation Sequence, a
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Main Program and an End command,
following that with any subroutine
definitions.

Note that if your workpiece is sitting on a
sacrificial sheet at least 0.6rmm thick it
won't matter whether you are using 10mm
or imperial thickness 3 inch (9.525mm)
material. The additional descent will
simply be into the sacrificial sheet.

Mount the workpiece in the fixture, set
the Work Origin with Z0 at the top surface
of the material, jog the cutter above the
work, and run the program to machine the
periphery of the base of the folder.

Machining the reinforcing bar
Like the base plate, the best way to deal
with the reinforcing bar (fig 67) is to bolt
the material to the fixture as shown in
photo 94 (not forgetting the sacrificial
material) then machine around the
periphery. The bar is a little shorter and
less broad than the base plate or the clamp
plate, and it is symmetrical about its centre
point which lies on the line between the
two locating pins, so it is convenient to

Computer Aided Manufacture "

Workpiece screwed to a sacrificial base.

move the Work Origin to the centre of the
bar. This is not essential, but it makes life
easier when we have to identify the co-
ordinates of the corners and the path of the
cutter. There are some sophisticated ways
of moving the WO when we are working
with several workpieces, but, for now, it is
enough to use MDI mode to move the CP
to X70 Y12.5 and set X0 YO0 at that point.

Fig. 67

Reinforcing bar
®

Entry ﬁ l Exit
curve curve

® - Work Origin (0,0)
- Start and end of path
- Path

Fig. 68

Roughing

Entry
curve

Finishing

i

Finishing

Exit
curve
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We can easily return to our original WO
position for the clamp plate, later.

We can take a similar approach to
machining the periphery as for the base
plate but improve the way we handle the Z
values. With the Work Origin set to the
centre of the bar a suitable path around
the periphery for a roughing cut 0.17mm
oversize all around might be as shown in
fig 68, created using the following
commands:

GO X-54.5 Y-19.1 (Set initial position
clear of the work)

G2 X-54.5 Y-13.1 10 J3 (Entry curve to
reach the work)

G1 X54.5Y-13.1

G3 X60.6 Y-7 10 JB.1

G1X60.6 Y7

G3 X54.5Y13.11-6.1J0

G1X-545Y13.1

G3 X-60.6Y710 J-6.1

G1 X-60.6 Y-7

G3 X-54.5 Y-13.1 16.1 JO (Turn to complete
the periphery)

G2 X-54.5 Y-19.1 10 J-3 (Exit curve to take
cutter clear)

The first G3 command is used to provide
a smooth entry curve into the cut,
avoiding any noticeable marks caused by
an abrupt change of direction and the
consequent decelerate - stop - accelerate
sequence.

The final G2 command provides an exit
curve, taking the cutter smoothly clear of
the work.

Figure 68 shows how these entry and
exit curves work.

Arithmetic

Mach3 can do arithmetic, and that's
useful here because we can make it add
a number to the existing value of Z each
time we use the subroutine. Repeatedly
using the subroutine will then make it
take successively lower cuts, dealing
effectively with the need to lower Z each
time. All calculations must be enclosed in
square brackets.

Mach3 can cope with statements like [4 +
5] or [6 - 2]. It can also deal with two signs
together, so sums like [4 -2] or [6 - -2] are
fine. If you recall the rules we used in a
previous instalment for dealing with two
signs together, Mach3 knows and uses
those same rules. Do use square brackets,
though. Extra pairs of brackets are no
problem; but too few brackets will cause
errors.

If the answer to a sum is to be used right
away, that's fine, so statements like:

G1 X[3 + 4] will be carried out
without difficulty.

However, we often needto do a
calculation which won't be used
straightaway, so the other thing we need
is somewhere to store the answer to a
sum, and we do that by using the
equivalent of a storage box. To be
compliant with the language of computer
programming, the storage box is called a
parameter (although there is some
variation across computer languages, and
you may find other terms used in software
other than Mach3).

So that we can refer to a parameter later
(to retrieve the answer to the sum) each
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parameter is given a number, in much the
same way that each subroutine is given a
number. Use the hash sign # to denote a
parameter, and an integer (a positive
whole number) to identify which
parameter. So #252 means 'parameter
252'. Avoid parameter numbers less than
40 or greater than 4999, for the moment,
as those behave in a slightly different (but
sometimes very useful) way.

If we use a parameter to store the current

Z height, we can change the value stored
there each time the subroutine is called.
Here’s an example:

#41=0 (Parameter 41 stores the currentZ
value)
GO Z20 (Safe Z)
GO X-54.5 Y-19.1
M98 P115
M98 P115
M98 P115
.. and so on, until the subroutine
has been called 10 times
M30
0115 (Subroutine to machine
periphery 0.1mm oversize)
#41 = [#41 - 1] (Make the contents
of parameter 41 one less)
G1 Z#41 (Set Z to the number s
tored in parameter 41)
---- Put the commands to machine the
periphery 0.1mm oversize here ----
Ma9

Every time the subroutine is called, the
value stored in #41 is reduced by 1. The
effect of successive calls to the subroutine
is to machine repeatedly around the
periphery, Tmm lower each time.

We can go further, though, by using an
extended form of the M98 subroutine call
command, using the letter L followed by
the number of times the subroutine is to
be used. Think of L as meaning 'Loop’ in
the sense of 'repeat’.

M98 P115 L10 calls the subroutine 10
times in quick succession, so it is exactly
the same as typing M98 P115 ten times.
The main program code now becomes:

GO Z20 (Safe Z)
GO X-54.5 Y-19.1
M98 P115 L10
M30

1-:
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A rounded edge achfeved using a form cutrer

8 .Eﬂ.'..‘ _’:

The surface finish we are aiming for.

Add additional program code to machine
the periphery to finished size by climb
milling (as we did for the base plate). You
only need to travel around the periphery
once, at full depth, for that final cut.

There is a finished program on the
support website, if your brain cells are as
tired as your typing fingers.

Secure the material to the fixture, then
run the program. Photograph 95 shows the
quality of finish you might expect to
achieve from the roughing cut (on the right
face) and the finishing cut (on the left face).

Adding a rounded edge

The reinforcing bar will work perfectly
well with sharply defined edges, but in an
attempt to visually soften the outline, and
to reduce the opportunity for cut fingers,

it might be an idea to round or bevel the
edge around the top of the bar. That can
be done now, or the bar can be returned to
the fixture later. | suggest doing it now.

To round edges, you can use a corner-
rounding end mill (photo 96) which forms
a neat radius around the edge as it cuts.

The geometry of this kind of cutter is
interesting, as the angle between its
‘wings’ is slightly greater than 90 degrees,
making it a little easier to blend the radius
into the vertical and horizontal faces of the
work (fig 69). Four effects are possible:

A smoothly blended comer (fig 70a), a
corner with one quirk (a step or ledge

Model Engineers’ Workshop
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Fig. 69

/ Small gap

Ssmallgap/

between the curve and an adjacent face)
on the horizontal face (fig 70b) or the
vertical face (fig 70c¢) or a corner with two
quirks (fig 70d). The effect you use is
purely an artistic choice.

What's important is that we know how
the radius is positioned in relation to the
end and side of the cutter (fig 71). | used a
2mm radius cutter. That means the radius
of the internal curve on the cutting edge is
2mm. Assuming the radius of the cutting
face is centred on a point co-incident with
the bottom face and the outer diameter of
the cutter, you can do a visual check of the
curve by holding a 4mm diameter twist
drill against the cutting edge. You can also
do a calculation as shown in fig 72. Some
suppliers list not only the radius of the
curve, but the tool diameter and the tip
diameter, so if their tools have been ground
accurately, your measurements should
merely confirm the supplier’s figures.

MNow that we know the position of the
offset of the curve in relation to the
vertical axis of the tool, we can use that
information to work out the path of the CP.
Figure 73 shows that for the cutter | used,
the CP should run 6mm outside the
periphery of the clamp bar, and the
maximum Z distance should be 2mm.

Meadify the program you used to
machine the periphery, to take perhaps 4
cuts downwards to form the periphery
0.1mm oversize, then take a final climb cut

Fig. 70

(A) Blended curve

(C) Quirk on vertical edge

(B) Quirk (ledge or step
between tﬁe curve
the top surface

(D) Two quirks

to finish to size. The surface finish will not
be as good as with the single flute straight
cutter, but it should be pretty good. | found
my cutter left an almost imperceptible
witness around the vertical side of the bar,
so | will take account of that next time |
use that tool.

We will return to the important business
of tool dimensions shortly.

As with the other programs, there is a
completed example on the support
website.

Reset the Work Origin

Before moving on to machine the clamp
plate next time, take the CP to X-70
¥-12.5 and set the Work Origin there,
corresponding to the left front corner of
the finished clamp plate. That undoes the
move we carried out to shift the WO for
the reinforcing bar.

To ba continued...

Fig. 71

Body diameter

Radius

LT@ diameter

.

Fig. 72

d = diameter of drill bit or rod
R = radius of cutting edge
R=1207xd

Fig. 73

Z = radius of curve—

L— Half the tip diameter
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A Raising Block

for the Warco VMC:...»

Roger Vane's sturdly design could easily be modified
to suit some other larger milling machines.

When | bought my Warco VMC
milling machine my main concern

was the lack of distance between
the spindle nose and the table.
On my particular machine this is
just 12.5 inch, so when a tall vice
and keyless chuck are in use with
a large workpiece, things can
become rather tedious. After 4
years of frustration the time had
come to do something about the
problem - hence the raising block.

Back to the main block

Before carrying on, it is worth mentioning
that | have seen a photograph on the
Model Engineer website of a Warco VMC
where the spigot appears to be much
longer than on my machine. In this case
the bored recess in the top of the main
block would need to be correspondingly
deeper (ref 2). My guess is that this spigot
could be around 1inch long, maybe a bit
more. | understand that this is an earlier,
Taiwanese built, machine.

| refitted the drawbar to the opposite face
of the main block, but without the nut this
time around, as the drawbar would have
to be removed prior to the final through
boring operation. The main block was then
set to run true in the 4-jaw, with a dial
gauge used on the existing turned
diameter as shown in photo 11.

Before facing and turning the diameter, |
used a large centre drill to make a centre
cone to replace the M10 thread so that
tailstock support could still be achieved.
The end of the block was then faced to a
clean-up and again it was not necessary to
face exactly to the centre as this would
become the recess and the through bore.

| undertook turning the diameter in two
stages. The first stage, as shown in photo
12, was to reduce the diameter sufficiently
to clear the front of the saddle. Following
this the left-handed tool was repositioned
conventionally, photo 13, turning from left
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The Raising Block fitted to the VMC Mill.

to right to blend into the already
completed section.

The time had now come to remove the
tailstock support and bore the recess and
through hole. The drawbar was left in
place at this stage.

| started with the recess which was bored
out to suit the spigot on the machine turret
- in my case this was 3.306 inch diameter,
which allowed for a very small clearance
on the spigot as | aimed for a close
running fit. This is where the 'plug gauge'
on the end of the new spigot came in
useful. The wisdom of trying for this close
fit would be tested at the final assembly
stage of the project as | might have to
rework the bore. | decided to make the
bore for the spigot somewhat deeper than
really necessary and finished it at
approximately 0.7 inch deep although the
spigot on the machine was only 0.55 inch
high - | really didn't want to revisit this
part of the process. Machining the bore for
the spigot is shown as photo 14 - the blue
line was marked around the periphery of
the spigot and was purely a guide to let
me know when | was approaching size and
that | should start measuring the bore on a
regular basis.

| would advise anyone following this
process to allow adequate depth for this
bore, particularly if your machine

dimensions are unknown at the time of
making the raising block. Should anyone
have a problem with this bore not being
deep enough | have included some
thoughts on how to rectify the situation
at the end of this article (see ‘Fine tuning®
in the next issue).

With the boring tool still set-up in lathe |
then chamfered the entry to the bore
which would assist when fitting the milling
head to the block at the final assembly
stage, photo 15. You may ask why chamfer
angle on the spigot is 30 degrees, whilst
the chamfer angle in the bore is 45
degrees - | have no idea and simply copied
the angles on the machine.

Prior to removing the drawbar | worked
on the through bore as deeply as |
possibly could. In drilling | went deep
enough to run into the small void behind
the drawbar and then went on to touch it,
progressively opening the hole up with
ever larger drills This was followed up by
boring out to within about ten thou of the
finished dimension of 1inch {in my
particular case).

Finally, | could not put off removing the
drawbar any longer. With the drawbar
removed, it was possible to drill and bore
the remaining section to match the
existing bore, following which was the
rather tedious job of increasing the bore

Model Engineers’ Workshop
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Clocking the main block to run true before machining . Initial stage of turning back the outsi de diameter on
the second end. the second end.

Now that the blank can clear the front of the saddle the LH tool
can be used in the conventional position, turning from left to right.

£ i
- L
rggi,%"ﬁ B A

Chamfering the entry to the recess. Boring the 1 inch diameter through hole in the main body.

to a good slide fit on the plug gauge and and bottom faces of the finished raising .

hencl:?a my mandrel. | say tedigoﬂs, gecause block would be parallel to each other. | Prepurmg the blanks

this proved to be a long, boring exercise was pleased when eventually a good, for the I'lﬂ(ll'v table

(excuse the pun) due to the amount of rattle-free fit was achieved. Whilst the spigot could easily be clamped
spring in the tool, extended as it was to That's it! The worst turning jobs had onto my 6 inch rotary table, the baseplate

just over 3 inch from its holder, photo 16. now been completed and with it all of and main block were too large for the use
Making a good job of this bore paid the major turning operations on the of clamps. Holes were drilled in these so
dividends later on when the main block raising block components were now that clamping studs could be fitted directly
would sit accurately on the mandrel, complete and so it was then on to into the tee-nuts. In drawing up the raising
aiding my quest to ensure that both top drilling and milling. block, | determined that the best position
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Drilling the holes for the studs which will hold the

baseplate onto the rotary table.

for these holes was on a PCD of 2.75 inch,
bearing in mind that the holes would fall
within the spigot bore on the main block
and would need to be clamped using
spacers as shown in a later photograph.

The packing piece under the baseplate
had a % inch hole drilled in the centre, into
which was fitted a length of % inch
diameter rod with the centring plug. This
assembly of parts was then clamped to
the milling machine table.

As | was using 3% inch studs made from
stock material which was slightly down on
nominal size, | decided to drill 3% holes in
the baseplate and the main block. With the
aid of a DRO the positioning was
straightforward once the material had
been centred under the machine spindle.
Photograph 17 shows the last hole being
drilled in the baseplate. The % inch
diameter holes had passed into the packer
when they cleared the baseplate and these
were then drilled through on the bench
drill, allowing me to use the packer as a
positioning guide for the studs.

The main block was treated in a similar
manner, using a new packing piece to
preserve the first for later use as a guide. A
close fit for the studs would provide extra
security against any movement of the main
block during the milling operations.

Please note that the position of the four
stud holes shown on the drawings apply
to my own particular rotary table, where
the table is set at the zero position. Other
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The spigot was the first part on the rotary table to drill and
counterbore the holes for the M6 capscrews. The operation
shown here is pilot drilling the spigot for roll pins. Note the
centring plug and the packing underneath the spigot.

rotary tables will almost certainly place
these holes in a different angular position,
but the only feature which may be affected
would be the position of the M6 tapped
holes for attaching the spigot - the angular
position of these is not critical. Due to this
potential variation, no angular dimensions
are given on the drawings.

All three blanks were now ready for the
rotary table operations, as shown in
photo 18.

Rotary table operations
The rotary table operations were
sequenced to avoid changing the PCD until
the holes in mating pairs of components
had been drilled. Before starting to
machine each part, the rotary table was set
to the zero position and all angles quoted
below are taken from that zero position.
The depth of tapped holes and
counterbores are given, assuming that
anyone making this raising block uses
blanks for the spigot and baseplate with a
finished thickness as stated on the
drawings. Allowances would need to be
made if the blanks were any thinner.

Spigot

The spigot was the first part to be drilled on
the rotary table. It was placed on a packer so
that the rotary table would not be damaged
as the drill broke through and centred

The protective packer used when drilling the stud holes in the
baseplate was used to locate the holding down studs.

under the machine spindle with the % inch
diameter centring-pin (shown on the tooling
drawing). Luckily, there was just sufficient
space for conventional clamps to be used.

The machine table was then moved 1.3
inch, allowing the generation of the 2.6
inch PCD as the rotary table was turned
through the full 360 degrees. Four holes
were drilled through and counterbored to
suit M6 capscrews at positions 0, 90, 180
and 270 degrees.

| also drilled two % inch diameter pilot
holes for rollpins. These holes would
eventually be used to spot through into
the baseplate and then be opened up to
suit larger rollpins - | used % inch
diameter pins, as that was the size | had in
stock. In placing the holes for the rollpins
care was needed to avoid the holes used
for bolting the baseplate onto the rotary
table. The near-complete spigot is shown
on the rotary table photo 19, with the pilot
holes for the rollpins being drilled through
% inch diameter.

Baseplate

The protective packer used when drilling
the four securing holes in the baseplate
was then placed onto the rotary table,
positioning the studs as shown in photo
20, which made it easy to fit the baseplate.
The centring plug can also be seen - it was
located by a % inch diameter pin passing
through into the centre of the rotary table.

Model Engineers’ Workshop



This face will be skimmed at the final assembly stage, so a
countersink cutter is being used to avoid any sharp edges later on.

The baseplate was then securely bolted
down and the rotary table set to zero.

Without changing the PCD, the first
operation was to drill and tap the holes for
the M6 screws which would hold the
spigot to the baseplate. These holes were
made a shade over ¥ inch deep to suit the
30mm long capscrews that | was using.

The PCD could now be changed to 4.562
inch (the PCD of the tee-slot) to enable all
of the other holes to be drilled. As a
precaution and not wishing to scrap
expensive material, | spotted two opposite
hole positions and then checked that the
PCD was correct.

Satisfied with the PCD, | could now get
down to drilling the ring of holes. Firstly,
the three holes for the studs which would
attach the raising block to the column
were drilled at 0, 120 and 240 degrees. On
the turret these had been drilled to 12Zmm,
but | felt that this was a bit excessive
although | presume that this was done to
cover any inaccuracy in their radial
positioning. | decided to drill mine 10.5mm
diameter. When drilling these holes the
drill point only just cleared the baseplate
as seen in photo 21, which served to
remind me why | was doing this job.

Next to be produced were the holes for
the M 10 capscrews which would secure the
baseplate to the main block. Holes were
drilled at 30, 60, 90, 150, 180, 210, 270, 300
and 330 degrees. These holes were drilled
M10 clearance and then counterbored out
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Drilling the 10. 5m hole remfn c}_ed me eacn‘y why | was doing .
this job - the drill point only just cleared the baseplate, so drilling
the much thicker main block should prove interesting.

e !

Usin

of the main block.

to 16mm diameter. The counterbore was
formed in two stages, firstly using a 13mm
slot drill and then following this up with a
16mm slot drill. | counterbored these holes
sufficiently deep to hide the head and allow
for this face of the baseplate to be skimmed
on final assembly to achieve a parallel
dimension with the top of the main block.
The head on an M10 capscrew should be
16mm (0.630 inch) deep, so | made my
counterbores around 0.7 inch deep, photo
22. Before moving on | also countersunk
the counterbored holes to avoid any sharp
edges or burrs as a result of skimming the
face on final assembly, as can be seen in
photo 23.

The last job on the baseplate was to drill
pilot holes for rollpins at 45, 165 and 285
degrees. Again, | drilled % inch diameter
holes at this stage - they would be opened-
up to %s inch diameter when the baseplate
was finally fitted to the main block.

Main block

The final part to be processed on the rotary
table was the main block. Here, both faces
would be worked upon as pockets and
tapped holes were required on the plain
face, whilst tapped holes were required

on the recessed face. Before mounting the
main block on the rotary table | applied
marking blue to the non-recessed face and
then scribed a circle at 3.4 inch diameter to
mark the inner extent of the pockets.

g the rule and vee from the combination set to mark a centre
line which will be transferred to the opposite face of the main
block to position the studs which hold the turret in place. Note
that the inner extent of the pocket has been scribed onto the face

Milling Machine Modification "

Opening up the counterbores to 16mm diameter.

Firstly, the main block was mounted
'recess down' for drilling and tapping the
M10 holes which were to connect it to the
baseplate. The PCD remained set at 4 9/16
inch. The pockets would also be machined
in this face at a later stage.

Before doing anything else, | needed to
identify the position of the studs on the
recessed side of the block. These are directly
above the centreline of the pockets on the
finished raising block. To find this centreline
| drilled a % inch diameter hole at the zero
position and then placed a ¥ inch drill in it.
The vee and rule from a large combination
set allowed me to mark a radial line through
the centre of the % inch diameter hole by
pinching the %s inch drill against its wall.
Photograph 24 shows the general idea. This
line was then transferred down the side of
the block for eventual transfer onto the
recessed face. Obviously this task had to be
performed before the pockets were milled
out, otherwise the opportunity would have
been lost. Just as a precaution, | decided to
mark out all three centrelines just in case
anything went wrong and | lost the
alignment of the only hole to be marked out.

2. Photograph of spigot www.model-
engineer.co.uk/albums/member_photo.

aspfa=133788p=229884

To be continued...
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Al advertisements will be inserted in the first avalable issue.
There are no reimbursament for cancellations. Al adverisernert must be pre-paid.
The Business Advertisements (Disclosure) Order 1977 - Requies all advertissments
by pecple who sell goods in the course of busihess fo make that fact clear
Corsequently all trade ads in Mode' Engineers’ Workshop carry this 'T' symbol

MODEL ENGINEERS'_

NEW ADDITIONTO PRODUCT RANGE

+ 1130GV Variable Speed Lathe
* 2 Axis DRO available

VISIT OUR WEBSITE FOR FULL
PRODUCT RANGE

41130 GV Lathe

= 280mm swing

__* 700mm bc

* Power cross feed

* Spindle bore 38mm

+ Fully equipped

Table =%
power feed

* Now with 38mm spindle bore altabic

-~ www.toolco.co.uk]

4 VARIABLE SPEED MILLS Unit 4, Ebley Industrial Park,

VM30 x 2MT Westward Road, Stroud, Glos GL5 4SP
ﬁ:}v-rib;am (Just 4 miles from Junct 13 M5 Motorway)
700mm Table Tel: 01452 770550

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

840mm Table

4 » Optional 2 Axis DRO
“w__ available

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

Phone for opening times before travelling

§ TAPS & DIES

L Excelenl Quamy manufaciured-supgfied

- D

Briish- bux HQS taps dies cuts stainless
MES5(33pcs) ME4 (30pcs) BA3(35pcs) has
all Model Eng 32+40tpi BA, BSB, MTP etc
THE TAP & DIE CO
445 West Green Rd, London N15 3PL
Tel: 020 8888 1865 Fax: 020 8888 4613

7 | ofulqofult 3mismocHe | r
jchic g

b

I
I
I
..
I
l
I

From Only £7420.00 tncvar ;
Tol (01269) 844744 or |
Order Online :

www.tapdie.com & www.tap-die.com _ www.routoutcnccom |

NEIL GRIFFIN
- St.Albans, Hertfordshire
Engineering Services

Machining for Model Engineers

M-MACHINE

~—Unit§ F:wge Wéy .Cbevefand Trading Estale
fre= Daﬁlng'lor Ca. ITuthm DLt IRd

% Metals}.for Model Makers

Cnntaﬂ:l us fur»Capper Brass, Aluminium,
~—#Sleel, P@snhor Bronze, etc.
PHONE &'FAX 01325 381300

‘e-mail: sales@m-machine.co.uk
Wikw.m-machine-metals.co.uk

From drawing, sketch, pattern atc

Friendly personal service.
Telephone / Fax: 01727 752865
Mobile: 07966 195910

Macc

Model
Engineers
Supplies LTD
01614 082938

www.maccmodels.co.uk
Check out the NEW look website.

ﬁ'm B Woe stock copper, brass, steel
e =

and all tube. Also stock a wide
renage of flat, round, hex and
square , In steel, stalnless steel

sliver steel, bronze, brass, copper
and many more

New Steam Engine Kits,
ready made engines and !
raady to run englnes

@f ;.Lu FuII rangelof Steam J
‘ 6: § fittings and some new

| Wide range of BA bolts and nuts

THINKING OF SELLING YOUR LATHE

MILL OR COMPLETE WORKSHOP?

andwant it handled in a quick,
protessional no fuss manner? Contact
David Anchell, Quilstar (Nottingham).
~ OH59206123 07779432060

A TEE Publishing Ltd

Specialist Publishers of Technical & Modelling
Books and Engineering in Miniature magazine

FOR THE WIDEST RANGE OF BOOKS AND
MAGAZINES CALL FOR OUR CATALOGUE ON
01926 614101 OR SEE OUR WEBSITE

www.teepublishing.co.uk

Seeking back issues of your favourite magazines?
We can supply a wide range of publications: Model Engineer,
Model Engineer Workshop, Engineering in Miniature, Railway
Magazine, Railway World/Railways, Heritage Railways, Old Glory,
Vintage Spirit, Clockmaker etc, from the 1920’s to the present day.
|

For more than 25 years | have been serving model engineers, offering services
including the supply of top quality ‘sed' machines and accessories, valuations,
pre purchase inspection of third party machines plus general advice and information,
For an online stocklist plus details of services available please

go to my website or contact David Anchell direct,

www.quillstar.co.uk
Teiephene: 0115 9206123 *  Mobile: 07779432060

THE TOOL BOX

Quality used hand & light machine tools for all crafts.

We provide a comprehensive back-issue service for MODEL ENGINEER,
Engineering in Miniature and MODEL ENGINEER'S WORKSHOP,
We dont publish lists, bul if there's something you need, get in touch
or visit our web site. We are always keen io purchase good equipment and
craft-related books.
www.thetoolbox.org.uk  info@thetoolbox.org.uk
Open 9-1, 2-5 Mon-Fri, 9-5 Saturdays throughout the year
Colyton, East Devon EX24 6LU  Tel/fax 01297 552868

marine boilers.
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Al advertisements  wil be Inserhad in the first available issue.
There are no for Al must be pre-paid.
The Business Advertisements (Disclosure) Order 1977 - Requires all advertisements
by people who ssll goods in the course of business fo make that fact clear
Consequently all trade ads in Model Engineers’ Wowkshop carry this ‘T symbal

MODEL ENGINEERS’

: I» i r
' LYNX MODEL WORKS LTD.
Units 54, 6C & 60 Golf Road Industrial Estate,
| Enterprise Road, Mablethorpe, Lincs. LN12 1NB
Tel / Fax : 01507-479666
Website: www. lynxmodelworks.co.uk
www.livesteamkits.com
Email: info@lynxmodelworks.co.uk

WORKING SCALE MODELS AND
SPECIALIST SERVICES

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

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

Lynx Model Boilers Lid sells a range of Fully Certificated and EC Compliant
all silver soldered Copper Boilers, even for up to 10 %™ gauge locormatives.

We are also Agents for Stuart Madels and build the oneg that Stuart don't !

Live Steam Kits Ltd manufactures 4 range of fully machined locomotive
Self Assembly Kits in 6" and ¥ 14" Gauges.

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

or discussion.

TEL: 01507-479666

ALL MAJOR CREDIT AND DEBIT CARDS ACCEFTED

R

Whoter you are building your own CHC Machina!
‘canvarting an exisfing machise or you have simply
hmgnle kit, we can nslp!mkoumul CNC soliware
arid Siepper Molor Drivers will enable you o conirol your
new addition i the workshop from your PC with ease.

% Theee 2.5 Amp Mizrostepping
Steppet Molor Drive Boards
% Easy LPT Breakout Board
¥ Free Routoul - Linux EMC CD
(O acd mach 3CNG for £111.55)
o :
Only £91 inc VAT oo Sieeess Mok Do

Tel: (01260) 844744 or Bllhnnd!iénmniﬂkﬁ
Ordfer Online www. ot

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

transwave@powearcapacitors.co.uk

www.transwaveconverters.co.uk

CONVERTERS MADE IN BRITAIN SINCE 1984;
3-YEAR WARRANTY OM ALL CONVERTER
PRODUCTS; BS EN 90612008 QUALITY

ASSURED MANUFACTURING ENVIRONMENT;

CE MARKED PRODLICTS COMPLIANT WITH
EMC REGULATICNS, THE LOW VOLTAGE

DIRECTIVE and BS EN IS0 61000-3-2:2008.

MPC

Metal Procurement Company
Stockists of Carbon, Alloy, Tool, Duplex
and Stainless Steels, Metals & Plastics
Dia, 8q, Hex, Flats, Sestions, Sheet & Blocks.

From 1mm - 250 mm Section, cut to size.
We also buy unwanted too's & machinery
Unit1. 4, Lyme Street, Rotherham S60 1EH

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

Wiw.model-engineer.co.uk

Cowells Small Machine Tool Ltd,

Cavenls Srall Mackin Took Lid,
Twding ioad, Litthe Bartley, Colche st CO7 56 franx Englesdd
TliFax o4 01206 231 792wl solesdcowels.con

www.cowells.com
Manufactures of high precision screweutting lathes,
Bmm horological collet lathes and
milling mochines, plus comprehensive ecessory range.
Talk directly to the manufociurer

ALL STEAM LOCOS WANTED

Anvy age, size or condition - any distance, any time.

FREE VALUATIONS - with no obligation

s VALUATIONS FOR INSURANCE

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

CASH PAYMENT - on collection.
WORKSHOPS BOUGHT AND CLEARED

With 50 years steam experience from driving BR Full Size locos down to
miniature locos, 1 guarantee to offer a professional, reliable and friendly
service, please don’t hesitate (o telephone me-

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

Model Engineers’ Workshop

To advertise on these pages contact Duncan Armstrong on 0844 848 5238 or duncan.armstrong@mytimemedia.com




ON SALE NOW!

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

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

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

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

Modelling British Railways

DIESEL LOGOMOTIVES

Celebrating Model British RailwaysDiesel Class Locomotives

MODELLING
OPTIONS

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

ON SALE NOW!
Available from myhobbystore

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

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

*Plus P&P. Please note that this front cover & contents are subject to changes. Available while stocks last. Subscribers will recaive an additional 5% saving if their subscription
detatls are comectly inked with thelr MyHobbyStore account.



Genume Used Machines & Tooling

== 144 Maidstone Road, Foots Cray, Sidcup, Kent DA14 5HS g ik
B\ Telephone: 0208 300 9070 - Evenings: 01959 532199 - Facsimile: 0208 309 6311 Justjin}
www.homeandworkshop.co.uk « stevehwm@btopenworld.com ZRELLEINIES

Openfﬂg Times: }lfondav Frfdm»* 9am— 5 30pm - Saturd ﬂ[omfng 9am-1pm

&nwell-s 90
_Ize.iulhfﬂc(. £850 » E}u'ﬂnn sledun} Inrr'yh i
. o rt made, er!
. (ulchlmr ' . ! O . = Ry 3
'.Fg"“‘m" < il Running out fast!! | - .- P

Purchased from Noftingham

{H) mill
£950+ slotting Att.

5*. Jnnes & Shipman §
B B wheel;

/ : 24 F35 r——
id(nitlj(und Shlip]e\r@ 5" baridsaw | - >>> Models <<< Col em;r&::mm
2F horizontal /vertica ; B E W + [Jiksomn
1 ‘ , - YIUJ' d Super 78 r : L 3 3)/2" RobRoy chassis, =
z H 2750 3t o YRR ] castings, plans efc. £475
. i iy o \] =5 Ponsey chassis,
castings, plans etc. £750
@ /4" Bentley BR2
aeroplane engine
Y3rds done. £1495 )

£245 S

Medding
12" ben

Scroll making kit s
+ msl'rwrans'

hinrl(n broaching
“press o speed

Various Angle plates &

= - +surface plates
1 : ' - g il 2
e ¥ Union i £
. Gl616"Q ¥ I = - :
Ped grinder s 900 R
L

“+ exfracor

owlb’r's'ﬁl?y'r 1
Steel - round/squue/km

W s o o] o IS -
£425 always in, from e%lh] IHSSb .' £950 | £425 s > [ £325

RUH buffer J] gg S:rhﬂr press
i "y 6" throat
DISTANCE NO PROBLEM!  DEFINITELY WORTH A VISIT AL PRICES EXCLUSIVE OF VAT (> TD [LED) 0" E5. g e g sl 20
SHIPPING S —
WORLDWIDE Pefe ef] S LN



" ,. FREE
)y CHESTER [t
Machine tools oN A T s

ORDERLINE: 01244 531631 Kk MACHINGS

DB7VS LATHE
‘ High Quality Precision Lathe

‘ Features: e YA
Digital Spindle Speed Readout e b

Hardened & Ground Vee Bedways =

Offset Tailstock

Metric & Imperial Thread Cutting

Longitudinal Power Feed

Cast Iron Construction

Standard Accessories:

3 & 4 Jaw Chucks

Fixed & Travelling Steadies

‘ Machine Tray & Rear Splash Guard
Lathe Tool Set

| Interlocked Lathe Chuck Guard
Change Gears

Was: £978 ' —ce —
GET THIS MACHINE DELIVERED WITHIN 48hrs*

Excludlng weekends & Bank Holidays. Standard UK Addresses only - can be delivered at a later date if required

POWER FEEDS CLAMP KITS

Available Models: CK1
X AXIS CK2
Y AXIS CK3
Z AXIS
Standard Bench Mill
Was: £289 VC Was: £51
2 JAW SELLF CENTERING CHUCK BRAZED CARBIDE LATHE
80mm . TOOL SET - 38pc
Other Sizes 1/4" - was £29 NOW: £23 'IIIIIIIF"'
Available 5/16" - was £32 NOW: £25
3/8" - was £38 NOW: £30 ; “""“”
Was: £53.00 1/2" - was £43 NOW: £34 '

- T,

ECONOMY LIVE CENTRE FLEXI-ARM MACHINE LAMPS

M eti S T Ba
‘ MT2 - was £29 NOW: £19 y 2 maogvn ic oF >crew [ype Base
MT3 - was £29 NOW: £19 - Was: £46

Now: £33

VISIT OUR NEW DEDICATED MODEL ENGINEER WEBSITE
WWW.CHESTERHOBBYSTORE.COM

Offers valid from 17th March until 30th June



