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Single to Three Phase

Variable Speed Controllers

for Lathes & Milling machines
Need fo run 3PH machinery from a domestic supply?

Are you still changing belts and pulleys?
Is your milier too fast even in bottom speed?
If your answer to any of the above is yes.....
Then you need to treat your machine to smoot
and quiet variable speed operation.

By converting to variahle speed control,
you can always find the right speed!
We have complete variable speed contrel
packages available for all Myford, Boxford
Raglan, Southbend & Colchester machines.,
Systems also available for "“Tom Senior' and
'‘Bridgeport' milling machines. Other machines
can be converted, call with your requirements!

A MITSUBISHI Yariable speed drives
E520 range: 0.4, 0.75, 1.5 & 2.2kW available.

Prices start from just £117.00 + VAT for a 0.4kW.
Multi-function control slalions availabie prewired [or

use with the Mitsubishi ES00 and 8300 rangcs.

Functions of the control station include; STAR' TYSTOR
pushbuttons, Forwarl/Reverse, Run ¢ Inch, and

variable speed potentiomerer.

Our complete variable speed control systems comprise of
240V Input E520 drive installed and fully wired into a steel
enciosura, complete with a 13A molded mains plug & lead.
And with a new High quality, High Torque induction motor.

Forward & Reversse
3 fiwed, pre-set spes
Variahle speed faoled
Run & Jog’ funclion:s (o
rRuggsd sheet stes! enclos

MLIZ07 50 yvstems - with stancord foc! moseding DP motor

§79 - 500 Moior AP suitable for Myford amd other smaldier lakes.

e Lxareal

Sustems now
NO WIRING. avalluble to suit
- Tom-Sermior,
1/2HP (370 watt) ! Myford VMB,
34HFP (550 watt) £4; EMCY and other
1HP (750 watt) ma 00+ VAT Miliing mackines.

Ail pricas ars subjecl lo VAT and carnage,
Designed and manutacivred ip the UK
Full warrenfy and sffsf sales support available.

Calf us now for more information and friendly advice.

Som| _esowion leaa =
1809001 e Tel/Fax: 01925 444773 (6 lines) B
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ON THE EDITOR’S BENCH

Dave Fenner's commentary

A GRINDING FIXTURE

Metallurgy for the layman

QUICK TIP
An alternative use for a
calculator

TRADE COUNTER

New items from suppliers
NEXT ISSUE

LATHE PROJECTS FOR

BEGINNERS (17)
Completing the Milling
Chuck

COMPUMILL THEME
Adding a speed reduction
gearbox

M. E. W, INDEX
The index for Issues 69 to
80 to remove or copy

A HAND PIPE BENDER

LINK UP

SCRIBE A LINE

Reader to Reader

Reader's Sales and Wants

PLASTIC STORAGE CRATES IN THE WORKSHOP

More items in less space courtesy of the supermarket.

ELECTRONICS IN THE MODEL ENGINEER’S WORKSHOP (5)

Servo and Stepper Systems

To give accurate lathe tool angles

MUSING... ABOUT STAINLESS STEELS

Inside

Peter Rawlinson's pipe bender also produces
continuous colls. (see page 37).

To produce neat bends and continuous coils

ANOTHER FINGER PLATE

A useful workholding device for small parts

Front Cover

The superb “Quorn” by Mr G. D. Tyler
shown at Sandown Park represents the high
end approach to tool and cutter grinding. A
simpler system for lathe tools is offered by
Ted Wale on page 12.

(Photo Mike Chrisp)
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C.G. & W. Young Ltd. Colne Road, Twickenham, Middx. TW2 6QQ f“ﬁﬁﬁ#""e
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0208 894 7767 or 0208 894 5168
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“STEL” MAX 150 INYERTER THE NEW ‘TURBO - MAX’ HELMET

THE ULTIMATE NEW GENERATION
WELDING HELMET
HOW WITH MORE
NEW EXTRA

Features
= Ten tirmes quicker,
darkers fully in 0004
rilli-=econds :
= T nue-cobour with

Our .mz

¢ lea er viewing
= Varmsbke deEyand
sensithrity contmls £ {;?‘%
Ay : incfoding
5to 150 amp DC welder (130 amps at [l vt a Siacs & dif

: djustrnent S to 12
60% duty-cycle) only 6 kikbs. Welds S
12rmn from domestic supply (1.5 o " B9 window 37 x B0mm
4.0mr? rods) £399 Including leads, = Safety no rskof “am-eye” with 50
dellvery & VAT or £339 for 130 amp surisce 'mnﬁchm and BIGGER VIEWING
verskon & £229 for ‘START 3.5° (110 b £ i AREA

mod = |Iitra-light helmet 4404 inc ludi
3335131 Bl Optional Ti- kit aval- cas?et?a&MAA?nggs'm o OTH ER MODELS

ATAILAELE
FROM rea.00

Compumill

fully descrlbed in machine bulldmg manual

Showas ot DLLT, diding head d Mot muReTing

Tel: (02476) 473351 Email: compucutters@compuservecom Web: www.ocompucutters.com

Forinfo pack send SAE to:
Compucut, 17 Lim e Tree Avenue, Tile Hill, Coventry CV4 9EY England
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SEE US AT GUILDFORD 20th - 21st July

OLING R8 TOOLING - R

2"BORING HEAD CAW RE SHANK

o .

e
CODE PRICE

EHaRT £55.00
BES2 9PC SET OF TOOLS - £2550

Telephone
Sales Hotline
Q727 832793

[ RE AUTOMATIC BORING & FACING
HEAD - 250M M CAPACGITY

CoODE HEAD DIA TIFE FRICE

L BAHE1 FEram z £4405
MHES domrm fe 4005

CODE PRICE MAHES Sorm 3 £48.05
TSEHRS £258 00 MHS SFARE TIFS [sach £32 50

[ RE SHANK INDEXABLE ENDMILLS

TapFed THE unt¥r o dranvbar.

R2 FLYCUTTER

RE STUEB ARBOR FOR 1" CUTTERS
FULLY HARDEWED OLLARS ETC

(m—

RE-MT CONWERTORS

=

CODE

FRICE

CODE FRCE
o4 £1e,00

CODE
oTaRe 2

PRICE
e

Rach2
RaCh2 EMT

{200
E15.00

Re POSILOCK COLLETSET
WITH 2 IMPSMET COLLETS

FE COLLET GHU CGH &
13 EH32 COLLETS

A8 COLLETS - ONLY ©9.95 EAGH

i s s

[1'5" WLy

MET -2 458,10,12,1 4,17, 19 200k
MP -%a, Vs, Yu, W Ve, VS e, A, Y
SNV A0 OFETHE ABOVE FOR £79.001

CODE
PCRE

PRCE

£349.00 ERFAS €165 00

0-172 PRECISION KEYLESS CHUGE
WITH RE SHANK

F2 ENDMILL HOLDERS - BERITISH

FOWER FEED FOR
ERIDGEFORTETC

- 170
%ﬁ : - . =
CODE SEE PRICE v
EBMa1d 14 £2250 | &
CODE FRICE REMS M £2250 CODE PRICE %«
KLRE0 £29 95 EBRA12 172 £2250 S071 £243 00 w

R RIGHT ANGLE MILLING HEAD REHORIEZONTAL MILLING ATTACHMENT

FRICE

CODE
VHARS £20000
ALL PRICES INCLUDE VAT AND I

DELIVERY UK MAINLAND

CHRONGCS LINITED
1 Hatfid Foad, StAbans, Hers AL1 4TA |
a3 727 24231 20
Ermmil sakes@ehronos. bd.uk, Cniine cats In:gur: mr-wnr,d‘rurn:u, hid 1k Sl
ALL PRICES INCLUDE VAT AND DELIWERY TO UK MAINLAND
MAIL OBRDER / TELEPHONE HOTLINE 01727 832793 (9 LINES).

¢ Uit 2 Executive Pa r[,

Telgphone (H727 832783, Mobile 07974 253135,




The Boss was
a crack shot
(honest) until

he discoved
Booze, Women

Rock ‘n Roll

‘whrh makes 113l the hare surprsme he vak he 1ot aockmg

Gunsmithing Books

a5 Thers e dizhiel Sutnlnbes bedvesn punshithmg smd
made] mgoemrog, wd eaeh has tueh 1 affer the athes.

We dan'1 pretend 19 s1aek a lape ranpe of punsihathong
bhaaks, bul we beliwve the fallowang ame the bhest far the
EfgiEer  WaELE 19 leami dham aboul punsihathong
T=chiugues and ez, We da nal s1ack baaks an ahakag
cartplete guns, Zod nae of These baaks ooflam Gmsrueban
senes far puns, qust gaad ald felaned Enawledge, 1dezx
and fonis @nd ups.

The Gooemith Machinet [Acker]
L3545
Thas baak cambors 3 2 whale hast af
mahung aod warkshap guisibnh foxos
& nps fram ieles i The Home Shaop
Machndst magznre weether with the
miperl ginsitothong arieles Wnle i
tos Mephengt's Wodkshiop salutm by
gunsibnh and wnte Seve Acker,
Really haph qualiny swif an an mqually hagh
qualiy, 205 page, hardbaund baak, wery well slusrz=d wih

dravangs md phatla grigile

Gonsmith Kinks  [ed Brownells]  £22.45
Gunsmith KinksTT =€ geE 133,45
Guosmith KinksII =« ¢ 12290
GunsmithKinks4 R SR 126,45

Hi ghly rcartoneided by 2 sush ey af cusnte s,
The numeraus steelmg pamis heween madel
e Fd gunsatothong dame dul o ths
Semet . If el den't find gamsrtothosg trehoieg e
fernahng, wal thay have 1 giane fark, bl
Tese prees.. . Subjecls coaver=d i each
valwitre {yau casnal daffer eEie hetvom that
buy e, ten buy te m=l aelude, poldfung,
engtenvng, Blaing, ool suerpeng, Eerval farndng,
and much share. Mo, 1 has 504 pages, amd 317 phaws
& drawnngs. Wa. I ha 504 pages, and 252 phatas zmd
dravangs, Na. IO hes 505 pages and soaund 250 phatas zmd
dravangs, Na. 4 hax 552 pages, md 332 drawangs mmd
phavgraphs, All are hardback: md aneredihle vahie!

Prices shown INCLUDE U-K Pos & Padidng
(VEFFEDT CHRITOWEERT PREATE aROW 10T £XYa for dekvery) .
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Compucutter

fully described in machine building manual

Machine Building Manual
(also includes Compumill 8
Mini machines)

Hardcopy

£25 + pép (£5 UK)

cD

£25 inc.

Compuecut system
Interface

Cormmpucut software
Compucnt manual
£250 + p&p (£6 UK)
Compucnt Software +
Compuent Manual
£100 + p&p (£5 UE ~
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Tel: (02476) 473351 Email: compucutters@compuservecom Web: www.ecompucutiers.com
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Compucut, 17 Lim e Tree Avenue, Tile Hill, Coventry CV4 9EY England
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The SPRINTER All Steel 5¢ Colle t Chuck

4" Dia (100rmr)

Wiith steal back plate to Suit Myford nose spindle 118" Diax 12 TPL.

Froto shows 1ted with bediplak)

Both chuck & back plate can be purchased separately.
Cormprisas of chuck Body, closing nut, back plate and locking spanner.
Price complete ncluding YAT £125 {Cariage Extra)

Back plate iz supplied pre machined with drilled and tapped holes, and locating
spigot requiring a final skim toen=sume concentricity.

For details Telephone # Fax 0121 551 2274 fe-mail: eb.engineering@virgin.net or write tox-
EE Engineering Untt 17. All Saints Industrial Estate, Hocldey Birmingham B18 7RI

by ﬁﬁ;&BW Electmnic s
AW Tl 5 miTe: Teadout

+ nﬁv broight LED d.vpk ¥
+ ATWIT OO TR0 T

+ oo da b, forbothames
+ b indepeadentda hors
+ ifions aanbe presst

+ haltvey pointcalubbon
+ urclips auom and move
" i Eheam b bvmee, srachiness
N

i Coanplele sy barm (3352
T O cunbam]bmh-d,,-a& b i |, b 35 sereo s,
mddﬁﬁpﬁmu o taTy tableoT Easth a0 ranuals
brweasa dividing head {see phobo) mlfgf'randplp}
E'W Badlronics, 12 Hussors Close, Caby Glan, Grantham, HGE: 4HY
TaWax: O14TECO0O2E © Wi beri b vowwwr biva kickm i o uk

BANISH STRUGGLES

MODELLERS’ INSURANCE

Folbowingrecent changes in legishtion vae are pleased to announce that Neous
Specinl Interavts 14 hae locyted 3 spedaliz Moddling haursnes qroupto ayterfor
Al rexders’ meddling reeds. Wih immediate offect, only 3uthonsed register o
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ON THE

EDITOR’S BENCH

A Cautionary tale

An accident from an unexpected quarter
resulted in the loss of a pair of
spectacles, but fortunately nothing more
serious. On the general subject of
workshop safety, we are accustomed to
concentrate on the potential risks
associated with rotating or reciprocating
machinery, mainly mechanical and
electrical, and to pay little heed to static
items such as hand tools, workbenches,
vices, etc. During a visit to a friend's
shop, he showed me the parts of a
Hemingway kit for a ball turning device
he was making. Thus inspired to make
something similar, | returned later to
break off from rebuilding the Rickman
Metisse, and to start the sequence of
events that would result in the loss of
said spectacles. The scrap box had been
raided, the back of the envelope
sketched on, and various parts made.

All went well, until the 16 gauge gib
strip was nearing completion. In order
to hold the small strip, | had gripped a
2in. universal vice in the main 5in.
bench vice. This then allowed sufficient
clearance to file the 60 degree edges.
The accident was caused by the two
factors of untidyness and carelessness
in conspiratorial collaboration. My
bench, as always was liberally covered
with offcuts and other pieces with no
immediate home. In particular a 10
inch length of 12mm by 3mm strip
steel, had been left with about one inch
overhanging the edge of the bench,
and vertically below the little universal
vice. In my haste to remove and check
the gib, | inadvertantly slackened the
main vice.

What followed reminded me, albeit
on a smaller scale, and in a split
second, of Hoffmann's story of the
man and the barrel of bricks .
Predictably, the small vice descended
and struck the overhanging end of the
steel strip which was then launched
skywards (courtesy of the laws of
conservation of energy and
momentum) with much higher velocity,
to be stopped only by me leaning over,
and thus smashing one lens.

As | have always taken what |
considered to be a common sense but
arguably somewhat cavalier attitude to
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workshop safety, this came as an
abject lesson in risk assessment. The
risks are not always due to the most
obvious causes.

Technology marching
ever forward

Looking through the content of the Mach
2002 exhibition underlines the advances
in the professional machine tool field,
and the generally downward movement
in costs. | can remember in 1979, my
employers purchasing a CNC machining
centre with 12 tool autochanger, at a
cost of around £55,000. The combined
influences of far east manufacture, and
cheap computing power mean that
today, similar manufacturing capacity
can be purchased for around £30,000,
and todays machining centre will be
faster and very much easier to
programme. Other features available
today include spindle speeds of up to
60,000 rpm, feed rates of up to
40m/min. accelerations of around 1g,
tool change chip to chip times of under
two seconds, and coolant fed through
the spindle and tool at high pressure.

Advances in turning technology give
us oil bath bar feed units capable of
vibration free high speed operation, and
the lathes themselves frequently feature
auto tool change, with powered tooling
(effectively built in milling spindles) and
primary and secondary headstocks. Thus
it is possible to start with round bar, and
in addition to the conventional turning
operations, also mill flats, hexagons etc.
cross drill and tap. Then part off and
transfer to the secondary spindle and
continue to machine those back features
which traditionally were dealt with by a
second machine.

Laser cutting has been with us for
many years, but powers and speeds
continue to rise. Less well known than
laser cutting, but now making inroads
into the subcontract market, is the water
jet cutting process. This is accomplished
by feeding high pressure water though a
fine nozzle typically made from saphire.
The resulting high velocity jet is then
used to cut a wide variety of materials,
including glass and stainless steel. In
some cases, an abrasive material may be
added to the water, allowing profiling of
materials up to 300mm thick. As the
process is cold, it avoids the possibility of
heat affected edge surfaces which may
result from oxy-acetylene or laser cutting.

The reductions in the real cost of
machine tools coupled with their year on
year increase in productivity, in turn feed
through to drive down the cost of
components from subcontract
manufacturers. This was recently
brought home to me when sourcing
parts for an automation project. Four
stainless discs around nine inches
diameter, each with eight slots and other
details, were purchased for a total of
around £60-00. A dimensional tolerance

of plus or minus 0.2mm had been
specified, however, on inspection, the
deviation from nominal was too small to
measure with digital calipers. Some
home workshop enthusiasts will no
doubt wish to enjoy the satisfaction of
doing the whole job from start to finish.
However if time is limited, then it may
pay to examine whether, bearing in mind
the cost of material etc, some items may
be better farmed out. Many CNC shops
used to impose a programming charge
which deterred the small custormer. With
modern systems, this can frequently be
avoided if the drawing is prepared on a
CAD syster, and is presented along with
the file on disk.

Nostalgia near Nevis

Conversation at the weekly meetings of
our local model engineering society
frequently drifts away from models to
other subjects of related interest. As we
have several members whose interests
also extend to maotorcycles, thisis a
topic which often arises. It emerged that
the Scottish Six Day Trials would be
taking place, and that these would be
preceded by a two day event based at
Kinlochleven, {near Fort William)
specifically for pre 1965 machines. Two
of us arranged to play truant for a day,
my accomplice being Ron Mercer who
has done his own fair share of trials
riding in the past. The weather stayed
sunny, and the first days of May are way
too early to tempt out the redoubtable
Scottish midges, so we were able to
enjoy the event against a backdrop of
magnificent scenery.

The car park start area gave Ron a
chance to catch up with old
acquaintances, and both of us to have a
close look at some 180 beautifully
prepared motorcycles. Along with the
better known makes such as AJS,
Matchless, BSA, Triumph, Royal Enfield,
Francis-Barnett, and James, we also
found those produced in smaller
numbers like Dot, and Greeves.

“Pipeline” stage follows a rocky
stream bed uphill for several hundred
yards alongside the hydroelectric water
pipes. Getting to the top on foot was by
no means easy, and served to
underscore my admiration for the
competitors. Spectating from above,
one was able to appreciate contrasting
techniques and levels of ability. Many
riders would arrive at the top in a state
of near collapse, exhausted by the sheer
physical effort involved in wrestling with
the machine, others, like seasoned
campaigner Blackie Holden made it look
like an effortless Sunday afternoon jaunt.

Naturally, by the end of the afternoon,
the previously immaculate machinery
had acquired a fair share of dust, mud,
and occasional scrapes, dents and other
damage such as a fractured oil pipe.
What was then noticeable was the spirit
of cooperation to find a fix to enable the
competitor to continue. But of course
that is what you come to expectin a
sport where riders take part for the fun
and the personal challenges and which
is not driven by financial pressures from
manufacturers, sponsors, etc. Other
areas of motorsport such as Formula 1
might pick up a few pointers.




GRINDING
FIXTURE

Introduction

| am not a trained machinist but | took up
modelling, and so machining, after
retirement. The result is that many skills
are not as ingrained as they would be in
someone apprenticed and properly trained
as a machinist. One of these is lathe tool
grinding. | have read several books on the
subject and | know what has to be done in
the normal case and where to find the info
on the special cases. The problem is doing
it. If | set out to grind up a new tool, or to
touch up one existing, the end result is
very variable. A few excellent, some good,
many poor, some plain bad and many
result in having to regrind the tools to
achieve a better performance, often still with
limited success; | don't have the experience
to make a good job every time and | don't

1. Toolholder fitted with rectangular
toolbit holder which presents the bit at
the specified angle

12

have to do it often enough to acquire it as a
natural skill. | feel that it would not be
unreasonable to assume that there must be
many modelers in the same boat whether
they admit it or not. Hence this article. We
just don't hold the tool the right way
instinctively, we don't present it the right
way instinctively and each time we dunk it
in cooling water any careful “correctness”
we have struggled to find is lost and we
must start again to try and find it.

For a long time | have felt the need of a
grinding fixture that would take the
guesswork out of this essential support
job.Of course there are several machines
on the market that do this and more, from
the Quorn to the Worden, the latter so ably
demonstrated by Mike Chrisp and Geoff
Sheppard while at the Primrose
Valley/Filey Show. and written up in MEW
issue 71/p38. Some people would say my
attitude is defeatist as | should set to and
learn the skill: maybe so but, at eighty
years of age, | avoid as far as possible a
grinding self tutorial if | can.(pun-ugh). |
also avoid purchases of equipment that |

Ted Wale of Porters Lake,
Nova Scotia suggests a
straighforward device for
achieving accurately ground
lathe tools.

feel | should be able to make (or
rehabilitate from misuse or age).

A little while ago a friend of mine, Jim
Wright also of Halifax NS, was putting
together a design of a tool holder and in it
he has a brilliant idea, (a different
application of an already used holding
method). | use the word brilliant
deliberately because the very simplicity of
it makes it a brilliant solution to the
problem. As | read the Worden write up at
about this same time the two ideas (Wright
and Worden) came together into a design
concept that seemed to me to have
potential. | envisaged a method of grinding
lathe tools with all the correct angles for
any variety of materials and doing so on
my ubiguitous bench grinder which is an
essential part of every workshop.

| set to work, drew up the bits and
pieces, made themn and tried out the
system. After a few mods (as most newly
developed articles need), suddenly
correctly shaped lathe tools appeared
every time!

Basic information

Enough of the history of this interesting
exercise; a few words on the information,
on the tool setup, which follows. | have
kept the construction as simple as | can,
for my own sake as well as for anyone
else. It should make a good exercise for
our newer and junior readers. For instance,
| have made virtually all of it from ¥in. MS
when many parts could be made from
sheet metal; but ¥in. MS allows simple
fixing together of parts with 4-40 screws
(6BA or M3 might be suitable alternatives)
into their thicknesses. (In N. America
Bright (Cold Rolled) MS is not readily
available in small quantities for modellers

phpe

2. Commercial and home made adjustable toolholders
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so | used Hot Rolled M.S. It is a pity as the
result doesn’t look anywhere near as
good) The considerable addition in weight
occasioned by using %in. thick material
over sheet metal is no disadvantage, in
fact | strongly suspect that it makes the
grinding more effective as the larger mass
leads to a smoothness of movement.

As will become obvious, a highly
desirable part of this whole system is the
interchangeable and height adjustable tool
holder for the lathe as shown in photo 1. It
is sold by several tool suppliers, each
slightly different in size and construction,
all embodying the same principle. The
interchangeable part is sketched in Fig 1.
No dimensions are given there as they
vary slightly between different makes and
significantly between normal and heavy
duty models. For our purposes the only
critical dimensions are those of the
harizontal slot in which the tool is
normally held- marked X. This should be
%in. x %in. if 4in. square HSS tool bits are
to be used and 1in. x %in. for %¥in. square
tool bits. Larger tools than this are
probably not used in modelling but the
system can be designed for any size.

The photos and drawings given here are
for the Yin. square tool bits and assume
that the slot dimensions are slightly larger
than those quoted to allow easy entry of
material of that size: (just a few thou over
is quite adequate). | have kept the number
of drawings, and their detail content, to the
minimum necessary to allow the parts to
be made, dispensing with the classical
three views and using photos to illustrate
assemblies in many cases.

Tool post holders

As soon as | had worked out the system
concept, the first thing | did was to make
another half dozen of the interchangeable
parts (fig 1) as | could see that they
would be needed if | was to reap the full
benefit of the new system. These can be
made quite quickly from a bar of MS.
For my holders | needed a piece 3in. x
1.25in. x 9+x in. The “+x” in the length is
to allow for the saw blade cut off scarfs
and for any hold down depending on the
milling method used. | cut the dovetail
slot right down the length of the bar, then
cut the six slots across the bar
(remembering the band saw's scarf

—

aiil

3. Six toolholder inserts for i"x 4" toolbits, covering left and right hand and various

rake angles

4. The various components of the Grinding Fixture

between each), then | cut them off
separately. It didn't take long to mill the
45deg. chamfers at each end and the
step, and then to drill-and-tap the height
adjuster hole. These height adjusters are
soon made from a %in. dia. rod, each
piece drilled right through and tapped.
The only slight difficulty is that you need
either a special long tap, or a suitable
machine tap with a reduced diameter
shank. These six holders went with the
three originally supplied with the
complete toolholder.(Photo 2). This little
exercise saved me a significant amount
of money as they are not cheap to buy. |
shall make another six in the near future,
having already bought the stock.

Basic system

The following discussion concerns
grinding HSS lathe tool bits only: not
carbide tips which are a horse of a
different colour, not end mills which |
would love to be able to grind up. Perhaps
one day, for these, | will have a brilliant
idea, or perhaps | will make an already
existing design.

In the system | am describing the
correct presentation of the tool bit for
grinding is not controlled by a hand
holding it and an eye guiding it but by a
fixed tool holder held in a fixture where
the angles are all preset and made ONCE
on a milling machine.

© 0006

Fig. 1 Lathe tool holder
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Fig. 1a Height layout
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5. The baseplate fitted to the bench grinder

Table 1

-

MINOR CUTTING EDGE~_

I.-':‘"-END CUTTING EDGE ANGLE

NOSE RADIUS-.

MAJOR CUTTING EDGE_ ¥ —

SIDE RAKE ANGLE

SHANK

L
———__SIDE CUTTING EDGE ANGLE
BACK RAKE ANGLE f

L
.-ill'"--
SIDE RELIEF— | - -

R ™ TEND RELIEF (CLEARANCE) ANGLE
DEFINITIONS USED FOR DESCRIBING THE
GEOMETRY OF SINGLE-POINT CUTTING TOOLS

HIGH SPEED STEEL LATHE TOOL ANGLES FOR VARIOUS MATERIALS
Workpiece Back| Side End | Side
Material BHN rake | rake relief | relief | Edge
Steels {225 10 12 5 5 | 15
to 326 8 10 5 | b | 16
» 325 0 10 5 5 | 15
Stainless
Ferritic 5 8 5 | 5 | 15
Austenitic 1 0 g3 b 18 1
Martensitic 0 10 5 | 5 .| 16
Cast lron < 300 5 10 5 5 | 15
] »300 f 5 ] 15 | &6 | &5 [ 16
Zinc Alloy 80-100 10 10 12 4 5
AlLMg Alloy 20 | 15 12 | 10 5
_CuAlloy | 1 > [ 10 1 8 | 8 [ 5
Superalloy 0 10 5 5 | 15 0
Ti Alloy 0 5 5 | b5 15 0
Thermoplastic 0 0 20-30 | 15-20 | 10 0
Thermosetting 0 0 20-30 15-20 | 10 0
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To understand this it is necessary to
look at the various angles involved, five in
number. There are many publications on
this subject- throughout this article | will
follow the definitions given by Schey (ref
1).see his pages 482/3. The two angles that
are most important, are the Back rake (also
known as Top rake), and the Side
rake(which terms are, | believe, very
widely used in the machining world).
These angles vary quite widely depending
on the material being worked. The next
two (in importance) angles are the Side
relief and the End relief {often referred to
as Side clearance and End clearance).
These vary very little and are there to
ensure that the heels of the tool do not rub
against the work material and so hinder
good cutting action. The last is the Cutting
Edge angle; this is more a matter of the
way the tool bit is presented to the work
and less a matter of grinding. These
features are illustrated, and the various
angles appropriate to particular materials
summarised in Table 1.

The active top face of the tool bit is a
flat face set at a compound angle with
reference to a horizontal plane from the
lathe centre line. But if the bit is held in a
tool holder (itself horizontal) that tips it up
(back to front) at the Back Rake angle and
at the same time tips it sideways at the
Side Rake angle then the required
compound angle will be presented to the
work, without any grinding, by the face of
the square tool bit as supplied. it will then
only be necessary to grind the two relief
angles PROVIDED that the bit is presented
to the grind stone in exactly the same way
as it is presented to the workpiece. That is
what this system does as it turns a highly
skilled manual procedure into a simple
fixture operation (isn't that what the
Industrial Revolution was all about?).

To produce this result a steel insert is
sized to the dimensions of the slot X in
Fig 1. A slot is then cut into this insert to
take the tool bit (here % x %) which runs
from front to back at the Back Rake angle
while being tipped over at the Side Rake
angle. The angles of this slot are set
accurately and cut on the milling machine.
Six of these tool holder inserts are shown
in photo 3 cut for left and right hand
tooling and for various rake angles.

To grind the relief angles a fixture is
made to hold the tool holder insert and bit
and to present it to the stone while keeping
the holder horizontal (as when it is used in
the lathe tool holder). The fixture traverses
the bit across the face of the stone while
advancing it incrementally after each
traverse. The fixture is capable of being set
at any angle that the grinding requires in the
harizontal plane so making it capable of
grinding special shaped tools. The clearance
in the vertical plane is automatically

6. Radius plate - upper surface
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7. Radius plate showing underside details

produced by offering the bit cutting edge
slightly above the centre of the stone.

The grinding fixture

This consists of three parts as shown in
photo 4. These are the base plate (left), the
radius plate (centre) and the carriage (right).

Base Plate

The base plate mounts on the holes used for
the tables on the grinder as shown in photo
5. | do not give any dimensions for this as it
will vary from grinder to grinder but it
should be kept well below the normal table
height to allow enough room for the
carriage to operate at wheel centre height
(see Fig 1A and text). Readers will see that |
made mine to be adjustable: this adjustment
turned out not to be needed but it seems to
be a useful precaution. (The duster on the
grinder in photo 5 is to prevent reflection
from a bright aluminium label).

The base plate carries the guide bar for
the radius plate; this bar is 7.5in. long and
placed, with the guide block, so that the
radius plate, with the carriage, traverses
equally either side of the grind stone.

Radius Plate

The radius plate assembly consists of
three parts as in photos 6 & 7, the plate
itself, the guide block and the bearing leg
assembly. No dimensions are given in

Fig 2 for the last two as they depend on
the base plate and on the grinder. The
guide bar, the guide block and the bearing
leg are made to support the radius plate
horizontally while allowing it to traverse.
The machining of the \ feature in the
guide block is seen in photo 8. Originally, |
made a guide block with a hole right
through it to fit the guide bar. | fitted two
seals to keep the grinding dust out; they
didnt and the assembly seized up very
guickly. | purchased two expensive seals
with the same result although they lasted
longer. Finally a club grey beard said
“Make it a V and it will clear itself”. The
simplest are always the best particularly in
this case as it gives the additional big
advantage that the whole can be lifted off
at any time when the grinder is needed for
something else.

To make the radius plate | purchased a
piece of steel (laser cut from a sheet)
which was %in. thick and just under 10in. in
diameter- to suit my 10in. Southbend. The
best centre was found and marked. It was
mounted on the face plate and a %in. hole
drilled on the centre- this hole eventually
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9. Machining the radius plate and the carriage plate together to ensure the edges align.
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GUIDE BLOCK

s

BEARING LEG, SHAFT & BEARING

| | | AS
SIZED TO GIVE
CORRECT HEIGHT AVAILABLE
SEE TEXT
@
1 MOUNTING HoLES TO surT! ]
ENGRAVE THIS FACE | !
Y ; A FOR BEARING LEG, 2 OFF
RO DERRER / B FOR GUIDE BLOCK, 2 OFF
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o
; RADIUS PLATE
2 ' {
~ 0250

Fig. 2 Radius plate parts
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10. Engraving the angle marks

12. The Punch Holding jig in operation.

becomes the pivot for the carriage. One
side of the plate was faced up true. The
plate was turned over and the other side
made true the thickness being now
reduced to J%in. | cheated here as a friend
offered to surface grind it for the final
finish and | jumped at the chance. The
problem | was having, which led to the
surface grinding, was never solved after
several cuts trying different procedures. |
could not get a good pattern free finish
right across the plate. The difference in
cutting speed from a radius of nearly 5in.
down to a radius of ¥in. was too great to
allow any satisfactory combination of revs,
feed and tool shape over the whole face
that | could find. At one point or another,
and usually from the centre to some
distance away from it, a nasty turning
pattern appeared. If the central band was
made right then all hell broke loose at the
outer band as the cutting speed increased
OTT. It was impossible to stop once or
twice across the face to change the
parameters as this left a much worse mark
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at the change point. | had a little under 125
thou to play with in the trials and | used it
all. None of these effects would have
prevented the plate doing its job but it just
looked a totally unprofessional mess. If
any readers have successfully solved this
problem, then perhaps they might like to
air their thoughts via Scribe a Line.

After surface grinding the plate was
remounted on the face plate and the
elemental carriage mounting plate was
bolted to it. A piece of %in. rod in the pivot
holes lined up the two. The outer edges of
both were turned together thus ensuring
that they lined up as in photo 9.

The work was now transferred to the
horizontal mill where the face plate boss
was gripped in the dividing head chuck (a
long time ago | had turned this boss true
to the plate centre for just this type of job).
A special plate and legs allowed the
dividing head to present the edge at the
correct angle for engraving the angle
marks. (photo 10). Guided by the view in a
dentist's mirror and with a great deal of
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11. Punch holding jig, punches and spacers.
Note the ground mark on each punch to
help ensure it is used right side up.

care the marks from +50 to - 50 were cut
on the edge of the plate and the three
fiduciary marks cut on the carriage
mounting plate edge. In spite of the care,
two of the %in. end mills were lost in the
process. This was definitely not the way to
do it. | should have bought a new portable
grinder (mine had died a while before and
not been replaced) and mounted it on the
milling table in a suitably made holder.
The rest of the setup would have applied
but at least the cutters would have been
turning at close to their required speed.
The last job on the Radius Plate is
punching the numbers on the angled
flange. A piece of hex stock with its 60 deg
angles helps to make a good holding jig
for the punches as shown in photo 11. The
spacers on the left align each punch the
correct distance either side of the angle
marks. It is shown in use in photo 12.

To be continued in the next issue.

References:-

1) Introduction to Manufacturing
processes. John A Schey

2) Tool handed definition. Schey and
“How to run a lathe” Southbend
Lathe Works.

A) A right hand cutting tool starts
its traverse at the right hand end
of the cut and then traverses to
the left.

B) A left hand cutting tool starts its
traverse at the left hand end of
the cut and then traverses to
the right.

C) The right hand tool is the more
frequently used in normal lathe
operation where the workpiece
sticks out from the chuck a
relatively short amount: in
reducing the diameter to size;
the cut usually starts from the
outboard end and moves
towards the chuck.

Also a left hand tool is used to

face the right hand END of the

workpiece (the cut being
outside to centre) as set up in

(C) above for diameter

reduction. If the cut is taken

from centre to the outside then

a right hand tool is needed.

3) Machining Data Handbook,
Machinability Data Centre, Metcut
Research Associates. Cincinnati
Ohio 1980.

D

Model Engineers’ Workshop



MUSING ABOUT...
STAINLESS STEELS

Trevor Marlow casts light on some of the intricacies of the metallurgy of stainless steels

in layman’s language.

s a reader of Model Engineer’s

Workshop, you will often need to

select a material for a novel

purpose. At such times, if
stainless steel is seen as a candidate, you
will need information about the properties
that are directly relevant to the intended
application, such as strength, toughness,
weldability or ... whatever. Also however,
you will need to know about those
behavioural “oddities” of stainless that
often emerge during the fabrication
processes, or during the subsequent
service life.

Finding out about those od(dities then
presents a minor difficulty. While it is easy
to obtain data sheets or texts to provide
mechanical and other properties, getting
information about the oddities is a
different matter. They can have origins
ranging from when the steel was being
made, from when it was being stored,
from when it was being formed, and from
when it was being welded. After all that,
there are those oddities that can occur
while the material is in service. Having
such diverse origins, information about the
oddities is unlikely to be collected in one
text or under one heading.

Here then, for what they are worth, |
present these musings. In part, they seek to
explain in non-technical language some of
the terms that are used to describe the types
and features of the stainless steels. In other
part, they are recollections of accasions
when stainless has proved to be far less
than stainless. Finally, there are descriptions
of when it has exhibited surprising
behaviour during fabrication or subsequent
service. Some of the content is from
personal experience, some is from the
technical literature for stainless, and some is
gleaned from reports of materials problems
experienced in Europe and the Americas.

To avoid the reader developing the
heavy eyelids condition, | will in these
musings seek to avoid technical terms,
complicated explanations and detail (/ will
however seek to explain the origin and
meaning of vital materials identities (such
as "Austenitic”) that are, both in formal
texts and in everyday descriptions, often
used without explanation). | will blithely
skip from one topic to another. | will often
add notes, in italics, to expand, just a little
more when it seems appropriate. If you
want more detail (within reasonl), you are
welcome to contact the author.

A fascinating
material...

When my attention was first drawn to a
stainless steel, many decades ago, | was
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fascinated. How, | wondered, when it is
still predominantly iron, can this material
remain pristine through long exposure to
the elements? (It did not help my
composure or understanding when |
discovered that some bits of stainless were
strongly attracted to a magnet, while
others were not!).

Since that distant time | have learned to
parrot the explanations for stainlessness
as offered in many texts, but | must
confess that | still am not much wiser! |
remain fascinated. Also, | still do much
pondering about the “oddities” and their
causes. If you decide to use stainless
materials for real purposes, it is odds on
that you will meet with at least some of
these phenomena.

So: why doesn’t
it rust?

A start to these musings must be to go
back to that first question: why is it
stainless? Stainlessness, after all, is its
definitive property.

The most commonly offered
explanation is along the lines that when
sufficient chromium is added to the iron,
and the surface of that alloy is then
exposed to an oxidising environment, that
surface then takes on a very thin oxide
coating which tends to be insoluble,
impermeable, continuous and self-
repairing. Such an explanation can be so
easily understood, and accords with so
many everyday observations, that it has
been provided in some texts as if it is the
totally proven and unarguable explanation.
That explanation is in fact a very
convenient working hypothesis that will
serve for all everyday purposes. | often use
it, and will indeed use it in this article.
While we are in muse mode however, we
should in passing at least observe that
other explanations have been offered for
stainlessness, even though those
alternatives are now largely forgotten. The
one thing that all parties can agree is that,
when we reach a certain level of
chromium addition, and expose that iron-
chromium alloy to an oxidising
environment, something very special
happens to the surface!

(Notes: Stainless steel isn't really
stainless until it has been exposed to
oxygen or some other oxidising
environment. The term used to describe
whatever it is that happens during such
exposure is “passivation”. The nature of
the oxidising medium and the duration of
the exposure have been found to be
important. As example, old surfaces tend
to be more corrosion resistant that new

surfaces. Also, even in something like
hydrochloric acid, to which stainless is not
stainless, a pre-passivated surface will
afford resistance for a short while,
whereas an unpassivated surface will start
to dissolve almost immediately. Perhaps
such phenomena have been contributory
to occasions where two identical pieces of
stainless have, in the same solution,
exhibited corrosion rates differing by more
than one hundred times!)

What are the
“alternative, largely
forgotten hypotheses”
for stainlessness?

One such hypothesis is that oxygen atoms
bond to the surface (“chemisorb”, from
adsorb “of a solid or a liquid, to
accumulate on its surface a thin film of the
molecules of a gas or liquid that is in
contact with it.”) in the edge-of-lattice sites
where metal atoms are “missing”. Another
hypothesis is that sufficient chromium
{that which gives a ratio of about one
chromium atom to every seven iron
atoms) allows development of a
continuous iron/chromium/oxygen pattern
that has a special inert property. Still
another hypothesis is along the lines that
iron atoms are dissolved away at the
surface until, on a statistical basis, we are
left with an all-chromium surface that then
“sorbs” oxygen. The several hypotheses
beyond that inevitably start to get a little ...
er ... complicated! They largely involve the
location, availability and configuration of
electrons in the iron and the chromium,
and the vigour with which oxygen will
bond to a surface made up of those atoms.
Some of the arguments are rather
persuasive, since besides offering
explanation for stainless steels, they offer
good explanation of passivity phenomena
found in several other metal systems.

There have been wide-ranging
contributions to the arguments. It has, for
instance, been observed that iron and
chromium atoms (because they have high
values of Heat of Sublimation) must be
very strongly bonded to their neighbours.
That presents no problem to an
explanation of passivity based on oxygen
sorbtion, but formation of an oxide
apparently requires that those strong
bonds are broken. Perhaps that seems to
suggest that a sorbtion process is the most
probable? Maybe.

All in all, stainlessness is a complicated
little topic. Several research workers seem
to have demonstrated the presence of a ...
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something ... let's call it a film. (For
instance, it was found possible (using
electron diffraction) to study the
arrangements of metal atoms under an
unpassivated surface, but not under a
passivated surface). Other workers have
demonstrated that if there is anything
there, it must be exceeding thin! Some
workers have managed to remove films
from passivated surfaces, only to have
other workers suggest that those films
might have been generated by the
treatments intended to isolate them! As an
interesting little snippet, what are we to
make of the fact that, way back in the late
40's, a very respected worker reported that
stainless steels can be passivated in argon!
In my own mind's eye | see a metal
surface, details unknown, that is
completely and tenaciously covered by a
layer of gas atoms, in a manner rather like
barnacles may be seen to cover a boulder
on the seashore. We must leave it at that.
As said, | just don’t know. (Barnacles, by
the way, can cause serious damage to
stainless steels, by providing the
conditions that lead to Crevice Corrosion!)

Is “stainlessness”
special to these
“chromium in iron”
alloys?

Some “ordinary” irons rust only very
slowly, particularly when the metal is old,
see e.g. the widely reported Iron Pillar of
Delhi. Also, pure iron can lay doggo
(“passive”) in very strong nitric acid,
despite dissolving vigorously in a more
dilute nitric. There are many such
phenomena. Peculiarities of surface are not
special to stainless steels, many metals and
alloys are protected in a broadly similar
fashion. The key feature about stainless
steels and those “many other metals” is
that, if the peculiarities of surface did not
afford protection, all such metals would
soon (or eventually) become nothing more
than corrosion products. Only the “noble”
metals (e.g. gold) are destined to remain
uncorroded, it being “energetically
favourable” for them to do so.

When 1is it stainless?
When is it not?

Having added sufficient chromium, the
figure being 12% or so, we obtain an alloy
that performs very well in most oxidising
situations. It does not however perform
particularly well either in situations that
are not oxidising or that are too oxidising.
It performs well only in between those
conditions. So, if you drop a bit of
stainless in cool, dilute nitric (a moderately
oxidising acid) it will outlast your great-
grandchildren, whereas if you drop a piece
of stainless in a non-oxidising acid (say,
hydrochloric), remember to bid it goodbye
as you do so. (Note: The stainless steels
can offer good resistance to some non-
oxidising media provided that the media
contains sufficient oxygen). The “too
oxidising” situations occur rather rarely, to
be found either in hellish brews, or under
an impressed electrical potential, or in
situations where an oxidising liquid has
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been allowed to be stagnant. That latter
situation is one of the reasons why it is
vital to avoid crevices. We can return to
that topic later.

Carbon, the cause of
generations of
problems ...

The earliest users of austenitic stainless
steels soon realised an unwelcome feature
of the new material. If it was welded, using
similar material as filler, then on exposure
to some environments, the weld corroded
away! On investigation, it was discovered
that the grain boundaries of the weld and
adjacent materials were no longer
stainless. They were heavily attacked,
allowing rapid penetration between the
grains and even, sometimes, for the grains
to then fall away. The attack earned the
description “weld decay”.

Further investigation led to recognition
that the reason that the grain boundary
material was no longer stainless was
because, locally, there wasn't sufficient
available chromium. What had happened
was that the chromium, in the region of
the grain boundaries, had precipitated as
strange carbides. (The carbon, being a
relatively tiny atom, tended to be
concentrated at the grain boundaries).

The steelmakers at the time were
unable to remove sufficient carbon to
prevent the occurrence of weld decay. The
only remedy proved to be to give the
welded material a heat treatment which
removed the precipitation. No problem on
small items, but not practicable on many
larger structures.

In due course, researchers arrived at a
reasonable solution. Further elements
were added to the stainless mix, elements
which had such a high affinity for carbon
that they “fixed” most of the carbon.
Fixing the carbon thus prevented the
formation of chromium carbides, thus in
turn preventing the local denudation of
chromium.

Finding a cure for weld decay was not
to prove the end of story. Further service
experience showed that the modified
(“stabilised”) materials could sometimes
exhibit a different type of corrosion, in the
form of intense attack at the junction of the
fused and unfused materials. The removal
of metal was so localised that investigators
likened it to a cut made by a knife. Because
of that, the descriptive term for that type of
attack came to be “knifeline”. It came to be
recognised that, other things being equal,
steels that had been stabilised by additions
of titanium were knifeline attacked much
more heavily than steels that had been
stabilised with niobium. The latter steels
were then to serve at least adequately,
until better steels came along.

Those better steels resulted from the
steelmakers managing to reduce carbon
contents to such a level that chromium
carbides were not readily precipitated. So,
weld decay was largely cured, and since
there then was no point in making
“stabilising” additions any more, so too
was knifeline attack. The material near the
welds continued to be attacked at rather
more than “remote parent” rates, but the
big problems due to carbon were over.

Why there is more
than one kind of
stainless.

If we can make a stainless steel by adding
sufficient chromium, is that all there is to
it? No, not really, because apart from a few
castings, a simple chunk of unfabricated
material is usually not much use to
anybody. In the real world we usually have
to make our metallic materials into knives,
springs, sheets, tubes, rods etc. Often we
then have to join sheets, tubes etc. to
make complicated assemblies that will
serve specific purposes. Obviously,
depending on the context, such
assemblies will need to be sufficiently
strong, sufficiently leakproof etcetera, for
the intended purpose. In some situations
we might need stainlessness linked to
superb formability, or ability to take a
razor-sharp edge, or phenomenal
toughness, or ... well ... you name it! These
many requirements have caused evolution
of some hundreds of stainless steels. That
number can however be slotted into five
or so primary categories.

Five primary
categories? What are
those categories?

The primary categories of the stainless
steels are known as the ferritic, the
austenitic, the martensitic, the duplex, and
the “precipitation hardening”. | will seek to
explain each, in turn. (Note: You might at
this point ask a very reasonable question,
which is, why do we need to go into such
explanations? Well, for starters, in any
category there are lots of alloys, as
example there are 22 or so standard
ferritics, never mind all the specials! The
total of alloys in any category range over
wide ranging che mical constitutions, so
we cannot point to any one such alloy and
say “That is (the) ferritic”. They all are!
Furthermore, as we will see, an alloy of a
particular constitution can have one
identity at one time (say, be austenitic,
when hot) and another identity at another
time (say, be martensitic, after quenching).
In the light of such opportunities for
puzzlement, is it perhaps easiest to know
why something slots into a particular
category? If you have no interest in such
matters, and are only interested in the
oddities, move down to “Stabilised, are
you sure?” and carry on from there).

To facilitate the explanations, we will
refer to Figure 1, which shows a much-
simplified diagram to facilitate explanation
of some types of stainless steels. (Note:
Much important detail has been
deliberately omitted! ). This diagram has
increasing temperatures on the vertical
axis, and increasing chromium contents (in
iron) along the horizontal axis.

Note: | use the descriptions “Solid Type
A" and “Solid Type C”" in these
explanations because | know that some
people, new to the topic, are uneasy when
faced with the Greek “alpha” and
“gamma”, as used in formal texts. The
term “phase” in what follows means
“structured or arranged in a particular
fashion”.
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Fig. 1 The effect on structures of adding chromium to iron

Note: You might wonder: why no “Solid
Type B”? The reason is that, in times past,
men pondered the possibility of such a
phase (they called it beta of course!)
associated with the switch in magnetic
properties at the “Curie Point”. Such ideas
aren’t fashionable any more, so we are
left with a gap in the sequence.

Note: The sequence of phase identities
used to go alpha, beta, gamma, and delta,
with delta being that phase nearest the
melting point. For our purpaeses, on our
diagram above, | have shown all ferrite as
“Solid Type A”. In more formal literature,
particularly those describing weld
microstructures, you may come across the
description “delta ferrite”. This is a ferrite
that has survived all the way down from
those near-melting temperatures.

We can use and develop this diagram
(Fig 1) to explain what is meant by
“Ferritic”, “Austenitic” and so on, and how
we arrive at those different structures. Let
us get familiar with the diagram and what
it represents.

Let us look along the horizontal axis
until we arrive at the alloy with 20%
chromium. . Looking directly above that
20% marker, we see that the diagram is
totally uncomplicated. All the way up to
the melting point, we have “Solid Type A”".
Nothing else. The physical reality that is
being described on our diagram is that a
20% chrome (and thus 80% iron) alloy is
"happiest” with one type of crystal
structure over all the temperatures on the
diagram. No matter how long we cook it, it
will never change to anything else.

Now let us look at zero % chromium on
our diagram. Zero % chromium is of
course pure iron. Let us examine what
happens when the temperature of that
pure iron is increased. Notice that up to
about 900 deg C or so, the labels on our
diagram tell us that it is “Solid Type A”.
Then, above the 900 deg C or so, the labels
tell us that it is “Solid Type C”, until at
around 1400 deg C, we get a reversal. Our
“Solid Type C” is shown to change back to
“Solid Type A". It then remains in that
latter state up to the melting point. The
physical reality that is described by those
parts of the diagram is that pure iron is
“happiest” to be in one state up to about
900, it then is “happiest” in another state
up to about 1400, and then it is “happiest”
to revert to a “Solid Type A" state.

{Note: As | will explain, these “Solid
Type X" states are the ways that the atoms
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pack together, layer upon layer. When
there is easy change from one Solid Type
to another, the atoms “shuffle " with great
elegance and economy of effort).

Having gone to the trouble to figure out
our diagram, we are now in a position to
benefit as we examine and explore the
terms such as Ferritic, Austenitic etc.

What is “Ferritic
Stainless”?

We will now cast our minds back to the
simple corrosion resistant alloy |
described earlier, that made by adding the
12% or so of chromium to iron. If we
examine our diagram at 12% chromium,
we see that it is “Solid Type A" at all
temperatures. So, it must be Type A at
room temperatures. Further study of our
diagram shows that the Type A is also the
way that the atoms are packed in a bit of
cold iron. Having such similarity of
structure, it is then not surprising that in
many ways the mechanical and physical
properties of ferritic stainless are quite like
those of a mild steel. For instance,
magnets stick to it! Within the range of
these “ferritic” alloys, many are
specifically “tailored” to have optimum
properties for one purpose. As example,
using the alloys tailored exactly for that
purpose, it can be a great material if you
wish to make complicated pressings etc.
Containing little if any nickel, it is relatively
cheap. It is sufficiently stainless for most
applications, but it has one big drawback.
That big drawback is, that if you need to
weld it, those weld regions can be very
prone to failure by cracking. There often
isn't an easy way around the problem,
which explains why, for a lot of jobs,
people use the austenitic grades.

What is “Martensitic
Stainless”?

We can arrive at the easiest explanation of
the Martensitic Stainless Steels using our
Fig 1 diagram, but note however right
from the outset: the cost of a simplified
explanation is that we will need to do a
minor correction at the end of the day.
Consider for starters the alloy at 10%
chromium. Let us visualise how it cools
down from high temperatures. Soon after
solidification, we see that it is a Type A

material. As it cools further, it is “happiest”
to be a Type C material. (No problem here.
Since it must still be somewhere around
1200 deg C, the atoms can shuffle easily
to their new “preference”). Further cooling
will then bring us to the point where the
atoms would be “happiest” to change
again, back to the “Type A™ material.
There is however, at this stage, a difficulty.
At the lower temperatures, shuffling isn't
quite so easy. Transformations are
sluggish. So, particularly if the material is
subjected to a quenching treatment (a
rapid cooling curtails the opportunities for
change), the result is rather like a
motorway pile-up. There is change all
right, but to a chaotic structure, to
something that we can liken to a randomly
oriented pile of needles or broken
floorboards. It is sufficient for our
purposes to think of that chaotic tangle as
the martensitic structure.

Such tangled structures do not deform
easily. Nothing slips easily, nothing slides
easily. The consequence is that, when we
examine the material properties with our
testing machines and instruments, we find
that the metal is “hard” and “strong”.

(Note: The properties (and
microstructure) of a martensite can be very
variable, depending on the particular
constitution of the steel and on the thermal
treatment it is given. The carbon content is
particularly important in this context. A
steel containing hardly any carbon will
remain relatively soft and compliant. A
steel with a lot of carbon will, before
tempering, be incredibly hard and as
brittle as glass).

You may ask: Where does the identity
“Martensite” come from? The answer is
that it happens that this tangled condition
{which | have described as "a randomly
oriented pile of needles or broken
floorboards”) occurs during heat treatment
of ordinary alloy steels. As such, it was
investigated long, long ago by Adolph
Martens. To honour that effort, the
structure came to be called Martensitic. It
then followed as natural consequence that
the term would be applied to such
structures when they were found in certain
stainless steels. The martensitic stainless
steels can therefore be thought of as
broadly comparable to our range of
everyday alloy steels. Their great virtue,
besides the stainlessness, is that by a
simple heat treatment, they can be made
very hard and very strong. Great stuff (the
high carbon varieties) if you are making
surgeon’s scalpels!

Now we come to the time where we
need to make the minor correction
mentioned right at the beginning of this
“Martensitic” section! Recall that for clarity
of description we chose to examine the
case of a 10% chromium alloy. That is fair
enough, except that we then realise that
the chromium content of that alloy falls
short of the 12% figure needed to provide
us with the fully stainless condition. Now
then, notice that we cannot get round that
problem by simply increasing the
chromium content to 12%, since such an
alloy does not properly go through the
“Type C” to “Type A" change. The solution
we can arrive at is that we do increase the
chromium content, but we also add other
elements (such as carbon and nickel)
which will cause distension of the “Type
C" curve. Tricky stuff. By making the loop
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Fig. 2 The effect on structures of changing chromium content in an
iron/chromium/nickel alloy when nickel is fixed at 8%.

bigger, we make it possible to have a
martensitic structure developed in a
material with 12 or more % of chromium,
so we can have super hardness and
strength in the fully stainless condition.

What is “Austenitic
Stainless”?

And so we come to the austenitic stainless
steels. These are so darned useful that
they are everywhere. Being the most
useful of alloys, but with more than their
fair share of the “behavioural oddities” |
warned you to expect, it is best if we now
spend a minute looking at what they are
and what dictates their properties.

We have already, above, noted that we
have to add other elements (such as nickel
or carbon) if we want to make a stainless
martensitic structure. When we seek to
make austenitic stainless, we again have to
add such elements, only more so!

In our efforts to study this topic, we now
come up against a minor difficulty. That
difficulty is, that there isn't a totally easy
way to draw a graph of the preferred
crystal structures of alloys that contain
mare than two components. In Fig 1 abave
we looked at a horizontal axis with pure
iron at one end and pure chromium at the
other. How can we now look at the solids
types existing in a three way mixture: of
iron and chromium and nickel?

The way that we will choose is to fix
one of the components at a particular
value, in our case we will fix the nickel at
8 %. We then can construct a simple two
dimensional graph (Figure 2) with
maximum iron (i.e., 92% iron plus 8%
nickel) at one end of the horizontal axis,
and maximum chromium (i.e., 92%
chromium plus 8% nickel) at the other.

If we compare the two diagrams Fig 1
and Fig 2, we see the major difference (of
adding 8% nickel} being that the “Type C
belly” has about doubled in size. Also,
whereas in Fig 1 the “mixture of Type C
and Type A" region is small, in Fig 2 that
“mixture” region is much bigger. Now,
with our new diagram we can examine a
real alloy and start to understand what
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"austenitic” is all about. Let us look at an
alloy at 18% chromium, remembering that
every alloy on our diagram already
contains 8% nickel.

Let us now visualise how an 18Cr 8Ni
alloy might cool down, by tracing down
the thick black line in Figure 3. We need
not concern ourselves with what happens
at high temperatures. It is sufficient to see
that between about 1200 C and 800 C, the
alloy should be “Solid Type C". Below
about 800 C, the Solid Type C should start
to change to Scolid Type A, until finally at
about 450 C it should all be Solid Type A.

As said, that is how the 18Cr 8Ni alloy
might cool down. What actually happens
is very different! The presence of so many
mis-fitting atoms makes the
transformations (from one type of solid to
another) very sluggish. So, at “ordinary”
cooling rates, transformations effectively
cease while everything is still Solid Type
C! That is the definitive thing about our
austenitic stainless steel. It is one in which,
at room temperatures, and for an
indefinite time, it can exist in a structural
arrangement that really “belongs” to

higher temperatures. So, austenitic
stainless steels are essentially all “Solid
Type C”, and the properties of the material
are dictated by that structure.

One such property follows from the fact
that Solid Type C is relatively remote from
the region of the diagram where alloys are
ferromagnetic. So, the austenitic stainless
steel is usually not strongly attracted to a
magnet. The other characteristic properties
(it work hardens, it work strengthens, it is
tough, it can become ferromagnetic, and
so on) follow in part from it being the Type
C structure and in part from it always
having the |latent tendency to change to
the Type A structure. We will return to
these matters later.

What is “Duplex
Stainless”?

In the context of the home workshop,
these are relatively minor players and you
may never meet up with them. The name
comes from the fact that they are made up
of two major constituents. Under a
microscope, it is often seen that islands of
austenite are set in a sea of ferrite. (Note:
In the manufacture of stainless steels,
several things happen that lead to
heterogeneity, which is the concentration
{or denudation) of certain elements at
certain locations. At the same time,
diffusion is sluggish. The result is that the
stainless steels, examined at microscopic
levels are often found to be a mix of
several “constituents”. Additionally, across
any constituent, chemical composition
may be very variable.)

The duplex alloys were originally
developed because they offered degrees of
advantage in situations where standard
grades had proved less than satisfactory,
e.g., they have better toughness than the
ferritics, and they are more resistant to
Stress Corrosion Cracking than many of
the austenitics. Duplex steels can now be
made to contain nitrogen. Such alloys can
be cold worked to very high strength, and
may exhibit excellent corrosion resistance
in the as-welded condition.

{Note: for Stress Corrosion Cracking:
see elsewhere in this article.)
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3 The cooling of an 18Cr/8Ni alloy
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Fig. 4 A first layer of atoms on
whichwe may build the ferrite
structure.

What is “Precipitation
Hardening Stainless”?

(Background Note: Precipitation
Hardening is a phenomenon brought
about by special alloying additions and
thermal treatments. These result in
widespread generation of particles, by
precipitation from the mix of metal atoms.
The particles, which are large by
camparison to the sizes of atoms, inhibit
the rippling processes (“dislocation
movement”) whereby metals deform at
relatively low stresses. The consequence is
that higher stresses are needed to cause
deformations such as indentation or
extension. We see that need for the higher
stresses as the metal being “harder” and
“stronger”.)

As has been described, some stainless
steels can be made hard and strong by
cold work, and others can be made hard
and strong by quenching to produce the
martensitic “pile of needles and broken
floorboards”. Such treatments are not
always convenient however. So, it would
be very nice to have a stainless that
becomes hard and strong if given a simple
thermal treatment, at relatively low
temperatures.

The requirement for such a stainless
has led to several types, which have
become collected together under the title
“Precipitation Hardening”, even if that title
might not always be strictly accurate. The
elements used to bring about the
precipitation (titanium, aluminium, copper,
molybdenum...) are often used in
combination. In some of these steels the
precipitates serve to strengthen what starts
off as, and continues to be, a Type C
structure (an austenite). In others, the
hardening is brought about by having a
Type C alloy with such a constitution that it
is more than usually prone to transform to
martensite, that “pile of needles and
broken floorboards” described earlier.
These latter alloys are given a thermal
history that ensures that they start offas a
Type C structure, but they only remain a
Type C structure until they are warmed
and/or worked. Such warming and/or
working causes the transformation to
martensite, which of course makes the
steels harder and stronger. The process is
then rounded off by precipitations within
the martensite, so there is still further
hardening and strengthening.
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Fig. b The second layer of atoms
in our ferrite structure.

So much for technology, now for a bit
of good old-fashioned carping and
prejudice! | must confess that | am not
enamoured with these alloys. They are OK
if you are in desperate need of special
combinations of strength and toughness,
but the simplicity of the original idea
seems to have been lost. Instead, we have
ended up with complicated and
mysterious constitutions that seem to defy
all logic. Compared to the other grades,
they do not prove to be very corrosion
resistant. Heat Treatments can be tedious
and complicated. There can be
misunderstandings and complications re
the condition in which the materials are
provided by the supplier. With their special
benefit being special combinations of
strength and toughness, it is particularly
distressing that they often will be found
“out of spec” re hardness and strength
even when their complicated heat
treatments have been followed to the
letter. In total, | suggest that these alloys
are not for the faint hearted.

These identities
ferritic, austenitic and
so on: what do they
come from?

The identity ferritic comes down from the
latin ferrum for lron. The other two
identities (martensitic, austenitic) come
down from the early investigators, from
Adolph Martens (mentioned previously)
and from W.C. Roberts-Austen. The terms
ferritic, martensitic and austenitic actually
describe the structure of each material, the
structure being the way in which the
atoms are packed together. So, for
instance, a ferritic steel is not chemically
just of one composition, it is not just of
one mix of metals. Essentially, it is made
up of whatever mix of metals and
treatments will lead to the atoms layering
in the ferritic pattern.

This “ferritic”
structure. Can I
visualise it?

To get the basic idea, examine the

pattern shown in Figure 4. Each of the red
circles represents a spherical atomn. Mote

two things: that the atoms are arranged in
squares, and that there is some space
between the atoms. (Note: You could
arrange snooker balls on a table top in
such fashion).

Now, if we assume that atoms will
move to pack as closely as possible, where
is it likely that a second layer of atoms
might choose to rest? (Where would a
second layer of snooker balls, under
gravity, choose to settle?). The solution is
illustrated by the positions of the yellow
circles in Figure 5.

Right. Now where will a third layer
“choose” to rest? Since those spheres
must settle most comfortably in the spaces
between the yellows, they must be directly
above the original red circles. The fourth
layer must then lay above the yellow
circles. And so on, for many thousands of
layers. Notice how, on the sketch, the lay
of atomns is the same, side to side or up
and down, as | have described for the
layering process. Notice the symmetry of
the whole structure. Notice that any yellow
atom is (in 3 dimensions) in a "box" of
eight red atoms, and that any red atom is
are similarly “boxed” by eight yellow
atoms. You are, in effect, looking at how
the iron atoms lay in a piece of cold iron,
and similarly, how the mixture of iron and
chromium atoms lay in piece of ferritic
stainless. Often termed “body centred
cubic”, that is the structure of ferrite, and
also a range of other metals such as
chromium, molybdenum, vanadium and
niobium.

What about the
“austenitic” structure?
Can I visualise that?

To get this picture, examine the
arrangement of the first layer of atoms
shown in Figure 6.

Note that, in this instance, each atom is
in firm contact with its nearest neighbours.
Now, as before, we visualise where the
atoms of the next layer will rest most
easily. (Where would a second layer of
snooker balls settle under gravity?). Our
second layer of atoms will rest most easily
in the hollows between any four of the
“first layer” atoms. Using yellow circles for
the second layer we get the arrangement
of Figure 7.

The same pattern, but in a different
position. A third layer of atoms would rest
over the sites of the red circles, a fourth
would then rest over the yellow circles...
and so on. The term used to describe the
austenitic structure is “face centred cubic”,
which is, “based on cubes, but with one
extra atom in every face of every cube”.
That is how the atoms are laid in a piece of
hot iron or in a piece of austenitic stainless
steel. (and, incidentally, how they are laid
in copper, nickel, aluminium, lead, gold,
silver and platinum).

(Note: For “hot” in the sentence above, |
mean between about 900 C and about
1400 C.)

(Note: In order to illustrate with greatest
simplicity, Fig 7 is “plan view”. If viewed
from other directions, such an assembly of
atoms would be seen to be a compact,
three dimensional assembly of perfect
hexagonal arrays. No room here for a full
description, unfortunately!)
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Fig. 6 The first layer of atoms on
which we may build our
austenite structure.

Struetures such as those sketched
above can change one to the other (say a
Type C (austenitic) to a Type A (ferritic)) if
they are “pressed” to do so by changes in
temperatures or by details of the chemical
constitution. You may wish to re-examine
the question “How is it that we can get the
same structure in a piece of cold stainless
steel as we get in hotiron?” As described
earlier, the explanation is that our
austenitic structure is a frozen memory of
what was “preferred” at a previous time. It
is retained in the atomic arrangement that
was “preferred” when it was at the higher
temperature. There is incentive for change,
but all those foreign atoms have made
things very, very sluggish.

{Notice, by the way, the ease with which
this structure can deform. Visualise the large
number of ways that, in three dimensions,
the “planes” of atoms might slide one over
the other. Such visualisation suggests the
properties that will result, and explains why
some metals are so workable.)

What about the
Martensitic structure.
Can I visualise that?

We could arrive at the visualisation of
martensite by working through our layers

Fig. 7 The second layer of atoms
in our austenitic structure.

of atoms, as we have done previously, but
the drawings would be too complicated for
our purposes. Instead, let us arrive at a
sufficient visualisation by building on what
we have done previously. Figs 4 and b
formed the basis from which we built up
to the ferrite structure. Then recollect that
every odd-numbered layer (3rd, 5th etc.,
any that would be coloured red) is laid
exactly above the previous odd-numbered
layer. Thus the sheets which are in square
array, build up to a volume that is in cubic
array. (The even-numbered layers pravide
an atom (which | have coloured yellow) at
the centre of each cube, so in total we
have a structure that is “Body-Centred,
Cubic”).

MNow, visualise what might happen if a
previous structure (“Face-Centred, Cubic”,
our austenite) went through the
transformation process of becoming the
“Body-Centred, Cubic” structure but
something got in the way. (That
“something” is carbon, sitting between the
bigger (metal) atoms). If cooling is slow, it
has the chance to get out of the way. If
cooling is quick, it hasnt). The
consequence, the structure resulting from
“something having got in the way”, will be
something that resembles the “Body-
Centred, Cubic” structure, but it will be
deformed. The nature of the deformation
is that something gets stretched!

In a cube, the three axes are at right

angles to one another, and the three sides
are all of the same (“unit”) length. The
deformation to the cube that we get in
our martensite is that the three axes are
still at right angles one to the other, but
only two of the three sides are the same
length. The length of the third side is
now made different, it having been
strained by the presence of carbon
trapped between the bigger atoms. The
term for the martensitic structure
therefore is “body centred tetragonal”.
For our purposes we can think of it as a
distorted ferrite. (Note the significance of
the level of carbon content. A lot of
carbon leads to a lot of distortion, which
makes any deformation and flow very
difficult, which means that we end up
with a hard and strong material.
Conversely, if we have very low carbon,
there is hardly any distortion, which
means that deformation and flow
remains fairly easy, hence our material
remains relatively soft and weak). The
situation is made more complicated by
various crystallographic phenomena
which, for the purposes of this article, we
can ignore. | suggest that while we
should be aware of the origins of the
body centred tetragonal structure, but
that for our workshop purposes, think of
the structure of martensitic stainless as
resembling a random pile of needles and
shattered floorboards! They both deform
with equal difficulty!

Can I visualise the
Precipitation
Hardened structure?

As noted elsewhere, several different
types of structure are hardened in this
fashion, so you will have to do a
visualisation job for each! Basically, you
start off with visualisation of a structure
that can deform, then you visualise
introduction of many vast obstructions
{i.e., the precipitation). It then does not
deform anywhere near as easily (i.e., it
is hardened).

In the next issue, we will address the
guestion of identifying stainless, various
pitfalls, and some aspects of failure. E‘

Quick Tip

From Mr M Rhodes of Bridlington

n those machining operations

when it is required to keep a

count of each turn of the

handwheel, the following may
be preferable to the pile of washers
method which is often used.

Even the cheapest calculators nowadays
can be programmed with a constant, and
50 it is possible to turn the calculator into a
simple up down counter as follows:

1. Switch on the calculator and index a 1

2. Press the + key. (Many calculators need
this to be pressed twice)

3. Press the = key

4. Press the zero key ( this to reset the
display)

This completes the programming and
now when using the machine, as each turn
of the hand wheel is completed, pressing
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the = key will increment the “Counter” by 1.
On reaching the required number of turns,
pressing the +/- key (if the calculator has
onel, will with successive presses of the =
key count back to zero. Further presses
produce a count up again. Alternatively
press the zero key to begin another count
for calculators without a +/- key

A preset amount can also be entered to
count down to zero. For example, to count
down from 10.

5. After step 4 abowve, enter 10 on the
keypad.
6. Pressthe +/- key to display the - sign.

Now, each time the = key is pressed the
display will decrement by 1.

The process can be taken a stage or two
further. If at step one, instead of entering 1,
you may choose to enter the number of
millimetres or thous which relate to one
turn of the handwheel. The display will

o R | LRSI LS B

= EILITEN
)
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The Calculator (complete with oilstains) is
a versatile alternative for the traditional
pile of washers

then indicate linear movement of the table
for each complete turn. It is also possible
to enter a required length of cut at step 4,
then press the +/- key and count down,
being careful to refer to the handwheel on
the final turn.
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The approach of summer should hopefully
herald weather less suited for fireside
reading. However if sun bathing in a deck
chair with a book to help plan the next
workshop project is your chosen relaxation
technique, then the recent reprints from
Tee Publishing may well be of interest.
Available once more after an absence of
several months is “A Man and His Lathe",
by Lawrence H. Sparey, which is aimed
specifically the Myford ML7 owner. The
chapter headings give a general insight
into the contents: Suggested
Improvements to the ML7, Home Made
Accessories, Myford Accessories, Aids to
better Results, and Notes on Maintenance.
Interestingly, a design of boring head
shown in this book appeared somewhat
familiar. About twenty years ago, |
borrowed one made by a friend, and
produced my own using his as a master.
Now | know where he found the design.
“Lathe Accessories — how to make and
use them" by Edgar T. Westbury was last
reprinted in 1964, and has therefore been
largely unavailable for the past thirty years.

Written with general reference to the
smaller lathe, the book's nine chapters are
entitled: Devices for Centring, Chucking
Accessories, Toolholders and CutterBars,
Dividing Appliances, Simple Milling
Attachments, Steadying Appliances,
Various Forms of Cutters, Aids to
Screwcutting, and Miscellaneous
Accessories.

Both books are well illustrated with
numerous photographs and line drawings
(many with details and dimensions). For
the newcomer to the hobby, each provides
a source of ideas, accessories to make, and
distilled wisdom, for the old hand,
probably a few added tricks of the trade,
and a reminder of many things long
forgotten.

One other title reintroduced, again
written by E. T. Westbury is “Flash Steam”.
For those who may wish to look beyond
conventional model boiler designs, the
content of this publication could provide
an alternative approach. In addition to an
overview of history and development, the
book provides much detail on types of
boiler and engine arrangements, together

with information on firing methods, boiler
feeding, and valve gears.

These and other books are available
from TEE publising on 01926 614 101, or
through reputable booksellers.

Guy Lautard in Canada, sent information
on his website www.lautard.com which
amongst other offerings and links to other
interesting sites gives news of plans to
manufacture a batch of special taps for
accurately cutting the Myford spindle nose
thread (1.125in. dia. by 12 tpi BSW right
hand) in homemade faceplates,
catchplates, chuck adaptors, etc. This
thread is used by Myford ML10, Diamond
10, and all 7 series lathes, prior to the
latest “Connoisseur” models. Price for
the tap is stated to be $96 plus carriage.
The website gives full details. The taps
are not made or approved by Myford, but
are offered as a means to accurately
produce the required female thread form
in the various accessories that may be
used on a Myford.

Coming up in Issue No. 84 will be

Milling Machine Projects for
Beginners

Having concluded the successful
Lathe Projects series, Harold Hall
presents guidance and projects
related to the Milling Machine.

Issue on sale 2nd August 2002

(Contents may be subject fo change)

July 2002

Taming a Wandering Head
Philip Amos adds a reinforcing clamp to

improve the accuracy of his Taiwanese
Mill/Drill.

Nickel Plating

Peter Rawlinson gets to grips with DIY
electroplating.
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LATHE PROJECTS
FOR BEGINNERS (17)

Collets (3)

Take a length of 22 mm. diameter say 300
mm. long and place in the three jaw. Use
the four jaw if your three jaw is not
sufficiently accurate. Fit steady adjacent to
the chuck and set jaws. Move steady to 50
mm. from end of bar for machining the first
collet, Photo 11. Face end. Centre drill and
drill, just smaller than the bore of the collet
being made. With a drill, 1.3 mm. smaller
than the bore of the collet being made, drill
to a total depth of 42 mm, this is about 0.2
mm. larger than the core diameter of the
thread eventually to be cut. Machine 16
mm. diameter and the 30 degree taper.
Machine groove, Photo 12, diameter
depending on bore of collet being made. |
used a triangular tipped tool for this so the

12. Turning the collet groove.
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11. Making multiple short parts in this way avoids finishing up with many short stubs
when parts are individually held in the chuck.

groove has sloping sides. Bore the collet
making it a close fit on the cutters to be
held. Machine the outer diameter to 22 mm.
to be a close fit in the collet body. Part off at
38.2 mm. length. Move the steady back
towards the chuck and make the next collet.

Using a four jaw chuck (unless your
three jaw is very accurate) fit the first collet,
protected, and adjust to run true. Face end
to a length of 38 mm. Lightly chamfer end.
Make thread, free fit on endmill thread,
using a single point tool, Photo 13.

Cut a piece of 20 mm. square about 50
mm. long. Fit four jaw and fit piece of
metal making it run reasonably true. Face
end. Centre drill and drill, say 12 mm.
diameter, and 6 mm. deep. Bore to 22 mm.
diameter, 5 mm. deep, Photo 14. Drill and
tap M5. Using available scraps of material
set up guides for positioning collet and fit
suitable slitting saw in the chuck, Photo 15.
Make first slot. Remove collet with holder,
rotate 90 degrees and make second slot.
Repeat for slots 3 and 4, Photo 16.

The Milling Chuck. In this
second part of the concluding
project, Harold Hall draws the
series fo a close, having
shepherded and encouraged
the raw beginner to a stage of
being an accomplished turner.

Using the same setup principle but with
collet raised with additional packing, make
cut-out in base of collet using a 6 mm.
endmill, Photo 17.

Holders (4 and 5)

Make these following the same
procedures, where appropriate, as for the
collets. Take note of the comments on the
drawings regarding positioning of holding
screws. These holders are not slotted.
Dimensions for the positioning of the
holding screws are not given as | am not
sure that the position of the flats on the
end mills are standardised from make to
make. In this context it may be worth
while standardising your source of supply
of such cutters.

Collet locating peg (6)

Place a piece of 10 mm. diameter in the
three jaw. Reduce diameter to 8 mm. over
a length of 10 mm. Lightly chamfer end.
Part off at 16 mm. overall length. Shape
end of peg, by hand if necessary. Fit into
collet body. On the drawing, | have
suggested that the peg be retained by
centre punching, Loctite would be a
suitable alternative.

“C" Spanner

The components required for this are
shown as C1, C2, and C3, and as
making the item is relatively
straightforward, | will only detail the
major points. Cut a piece of steel for

13. Making the
thread in the base

of the collet.
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“C” Spanner FIX PIN AND HANDLE USING ADHESIVE, 3 1
RESIN TWO PART OR LOCTITE 5 e @

L& I
| [ —— 7.—|
MAT'L 6mm DIA. 230M07 STEEL
c1 c2 ca C1 Drive pin
85
m ]
| ©
45 | p—
o O

- 5 ETee

HOLES: il i

A - 5mm DIA.

B - 7mm DIA.

NOTE:

Z - SHAPE TO ENABLE SPANNER TO FIT COLLET CLOSING RING

MATL 45mm x 10mm STEEL. GOOD COMMERCIAL QUALITY (080A15)

C2 “C” Spanner body

(o ) O

LN - | L

MATL 8mm DIA. 230M07 STEEL

C3 Handle

14. aking a fixture for holding the collets for slotting, see photos
15 and 16.
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17. Using the same holding fixture for making the cut-out in the
base of the collet.

18. Boring the “C” spanner.

the Body (C2) mark out the centre
position of the cut-out and centre
punch. before making the cut-out, drill
hole “A" ensuring it is in line with the
centre point of the cut-out.
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©| Fig. 3 Collets

TO BE 2mm LARGER IN
DIA. THAN COLLET BORE

NOTES:

THERE WILL BE NO 3mm PROJECTION ON THE 16mm AND
5/8 COLLETS 20mm WILL BECOME 17mm, AND

38mm WILL BECOME 35mm

MAT'L 22mm DIA. 230MO7 STEEL

SLOT COLLET WITH AVAILABLE SLITTING SAW,
imm TO 1.5mm WIDTH PREFERRED

THE THREAD IN THE COLLET BORE IS 20TP| WHITWORTH
FORM, FOR BOTH IMPERIAL AND METRIC SHANK

DIA'S. MAKE THIS A VERY FREE FIT ON THE CUTTER

SO THAT ONLY THE COLLET JAWS ESTABLISH THE
POSITION OF THE CUTTER IN THE CHUCK, THEREBY
FHNSIE.;JSING CONCENTRICITY OF THE CUTTER HELD WHEN

A {?0 B
N e S g %
+ el

NOTES:
THERE WILL BE NO 3mm PROJECTION ON THE 16mm AND 5/8
HOLDERS, 38mm WILL BECOME 35mm

HOLES:

A - M4, 2 OFF, POS'N TO SUIT CUTTER, SEE
SEPARATE DRAWING

B8 - DIA. TO SUIT CUTTER

MAT'L 22mm DIA. 230MO07 STEEL

Fig. 4 Holders, large diameters

_LC
G

HOLES:

A - M4, 1 OFF ONLY, POS'N TO SUIT CUTTER,
SEE SEPARATE DRAWING

g - El‘.:ék AND DEPTH TO SUIT CUTTER

MAT'L 22mm DIA. 230M07 STEEL
Fig. 5 Holders, small diameters

Fit faceplate and position body on this
using the tailstock centre in the centre
punched impression, clamp in place. Place
a piece of thin card between body and
faceplate to avoid the boring tool

damaging the faceplate as it breaks
through. Balance faceplate assembly.
Centre drill and drill 10 mm. diameter.
Bore to 25 mm. radius, Photo 18. Shape.
Drill hole “B". Make other parts. Assemble.
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| I

POSITION THE HOLDING GRUB SCREW SUCH THAT IT
IS AGAINST THE END OF THE FLAT (A) ON THE CUTTER
WHILST THE END OF THE RESTRAINING GRUB SCREW
IS JUST OUTSIDE THE END OF THE HOLDER (B)

CUTTER

B A CUTTER
POSITION THE TWO GRUB SCREWS SUCH THAT THE ONE
NEAREST THE BASE OF THE HOLDER IS AGAINST THE END
OF THE FLAT (A) ON THE CUTTER, WHILST THE END OF THE

CUTTER IS JUST OUTSIDE THE END OF THE HOLDER (B) CHOOSE LENGTH OF RESTRAINING SCREW TO SUIT

FOR 6mm DIA. SHANK CUTTERS THE HOLDING
SCREW WILL HAVE TO BE POSITIONED ON THE
TAPERED PORTION OF THE HOLDER, SEE DRAWING
FOR PART 5

THIS ENSURES THAT THE CUTTER CAN NEITHER MOVE IN
OR OUT OF THE HOLDER WHILST HELD BY THE COLLET
CLOSING RING

Grub screw positions THIS ENSURES THAT THE CUTTER CAN NEITHER MOVE

Large diameter cutters

1 o
| % ¥

6

Fig. 6 Collet locating peg

,@' — RI11
\-

MAT'L 10mm DIA. 230M07 STEEL

IN OR OUT OF THE HOLDER WHILST HELD BY THE
COLLET CLOSING RING

Grub screw positions
Small diameter cutters

‘!.L_a ©
10 f=-

The completed Kit

Photo 19 shows the completed kit, with the
exception of the 16 mm. threaded shank
collet which had not been completed at the
time. Incidentally, at this shank diameter
cutters can be had up to 20 mm. diameter.
Readers who wish to use the full range of
both imperial and metric cutters will
require even maore collets, in which case
the saving over even the cheapest
commercial chuck will be considerable.

Put to the test

| was confident that the chuck would work
satisfactorily with threaded shank end

LOCATING PEG FITTED INTO HOLE

IN BORE OF THE CHUCK BODY.

FILE VERY SMALL NOTCHES AROUND
TOP CORNER OF LOCATING PEG AND
MAKE CAPTIVE BY CENTRE PUNCHING
CHUCK BODY ADJACENT TO NOTCHES

Collet locating peg assembly

mills, as with these any turning of the
cutter in the collet has the action of pulling
the collet forward into the closing ring
thereby holding the cutter even more
firmly. Holding a large, plain shank cutter
was though an unknown quantity. |
therefore made my first task a heavy cut
taken with a 16 mm. cutter. The 8 mm. by
4 mm. wide cut, seen being taken in
Photo 20 was taken at a fairly high feed
rate without any sign of complaint. | am
confident therefore that the chuck will
perform without proablems, not only with
threaded shank cutters but also with large
plain shank ones also.

May | finish by saying thank you to

19. The finished kit.
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readers for staying with the series, despite
its length, and | hope that there are now
many more who feel more confident
regarding their abilities when using the
centre lathe, the machine at the centre of
most workshop projects.

In a forthcoming issue | shall turn my
attention to a series of Milling machine
projects, which it is to be hoped will
provide guidance and encouragement to
readers who may be less experienced on
such equipment. @

20. Taking a heavy cut (6mm. x 4mm.)
using a 16 mm. plain shank cutter fitted in
a holder rather than a collet. The chuck
performed perfectly.

Ref 1 Milling Cutter Chuck MEW issue 5

page 40.
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DEVELOPING THE
=MILL THEME

COMP-

Spindle speed

For all balanced cutter operations from 2
inch face mill down to pointed engraver
cutters the mill’s fixed speed of 1425
rpm gives satisfactory results. If you
wish to fit an un-balanced cutter, a
boring head for example, the cutting
speed MUST be reduced. Alternatively, if
your machine is used mainly for
engraving, milling prototypes for
jewellery etc. then the work throughput
can be significantly improved by
increasing the cutter speed.
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1. The Speed reduction
installed in a COMP-U-
MILL cutter head

Increasing cutting
speed

For engraving and profiling sheet
material for clocks/model aero work etc,
a 3-phase, 2-pole, 415/220v flange mount
motor can be used with a variable
frequency inverter drive to give quiet,
brush-free operation. Brushless dc
motors are available from model shops
and offer a viable drive for engraving. If
one doesn’t mind brush gear on *long-
term’ machinery then dc and universal

Having covered construction of
the basic milling machine, in
the two previous issues,
Richard Bartlett examines the
options for speed control, and
presents a design of epicydic
reduction gearbox.

motors with electronic speed control can
be used.

My choice here was an aluminium
framed Western Electric motor, rating plate
details are 250watts, 2750 rpm at 50Hz.
This speed can be increased to 6600rpm by
increasing the inverter frequency to 120Hz.
For prolonged engraving at top speed use
a needle roller or ball race to replace the
oilite bronze bush at the spindle naose. This
will necessitate an oil seal at the lower end
of the bearing. This higher speed “motor
swap” option still allows the use of the
simple silver steel individual arbors which
can be extended yet retain great rigidity. A
cheaper but rather noisy alternative to the
inverter higher speed drive for engraving
or wood/plastics model making is to fit a
variable speed router as a replacement for
the induction motor. These are very cheap
at thirty pounds for 550 watt variable speed
model with 6 & 8mm collets (Ferm from
Screwfix) which can be fitted via a ¥inch
thick alloy adaptor plate. Again, use a ball
bearing or needle roller for the lower
bearing. You will need to turn a silver steel
spindle with the lower end reproducing the
collet chuck detail of the router and the
upper end turned to 8mm to engage the
router collet chuck. Since the router
bearings are only taking the light axial load,
the only components likely to wear are the
motor brushes, so buy some spares.

Speed reduction

The simplest solution from the point of
view of least work, is to replace the motor
with a 3phase, 4-pole, 415/ 220volt, 1/4 hp
flange mount motor and fit a variable
frequency inverter controller. This gives
REDUCED power performance from 100
up to 3000 rpm. The inverter | use is by
Telemecanique type Altivar 08 (RS 321-
6876). An alternative motor (mine is RS
329-0802) can be fitted on a 1/2inch alloy
adaptor plate locating both the motor
flange and headstock bore to ensure
concentricity.

When buying this motor/controller
combination | was hoping for good power
throughout the speed range of approx 10
to 120Hz. which would have been the ideal
“out of the box” solution.

However, on testing it was found that
the torque dropped off appreciably at
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lower speeds. This “undocumented
feature” of the controller called for the use
of additional mechanical gearing, which |
chose to provide via a DIY epicyclic
gearbox of 3:1 reduction. As it was fun to
do, and can be used without the inverter
unit to give a fixed 3:1 reduction, | offer the
details here. The reduction box can be
seen in a head unit in Photo 1, and the
complete power train is shown on Photo 2.

Reduction gearbox —
description and
operation

The epicyclic lower speed drive uses 3
pinions to balance the radial loads. Lateral
stiffness of the drive shaft is maintained by
bushing the top of the main spindle and
allowing the extended primary drive shaft
to enter this needle roller bushing. The
prototype gear reduction unit uses Module
1 size gear teeth. The chuck mounted
primary drive pinion (sun gear) is EN24T
steel and has 12 teeth, the three planet
gears can be steel, brass or acety| (Delrin)
and have 12 teeth, the internally geared
steel annulus has 36 teeth. There is no
“hunting tooth” in this choice of teeth as
they have been selected on the basis of
the largest tooth form that will comfortably
fit into the machine but as they are
generously rated and will always be well
lubricated, their less than ideal wear
characteristic due to the repeated tooth
engagements for every turn will not be a
problem. If you try a different combination
be aware that the maximum entry for top

2. The complete power transmission assembly

loading the annulus carrier into the casting
is B0mm diameter.

The lower gear ratio of 3:1 is selected
by releasing the planet gear carrier from
the annulus carrier by withdrawing the
three grub screws from the annulus
carrier, (Refer to drawing 1), and then lock
the annulus by screwing in the anchor pin
mounted on the front of the machine. The
primary drive pinion now turns the planet
gears which also mesh with the fixed
annulus. This causes the planet gear
carrier to rotate in the same direction as
the motor but at 12/36 of the speed. The
planet carrier is a solid extension of the
machine spindle. The annulus carrier is
located between two roller thrust washers
on the primary drive shaft (drawing 1).

The high speed ratio of 1:1 is selected
by unscrewing the anchor pin from the
annulus carrier. Without turning the

annulus, turn the cutter spindle until one
of the white painted flats on the planet
carrier is viewed through the anchor pin
hole. Fit an M6 grub screw onto a hex key
and feed it into the anchor pin hole to
engage with the tapped hole in the
annulus carrier. Turn the grub screw until it
just contacts the planet carrier. Turn the
cutter spindle through 120 degrees and fit
second grub screw, repeat for the third
screw. Progressively tighten the screws to
balance the pressure around the three
locations thus avoiding pushing the
annulus off centre. | have since resorted to
painting a line on the annulus carrier and
the spindle to make this initial lining up
simple. Fit the 1/8 BSP blanking plug into
the anchor pin location to avoid having the
spindle lubricant flinging through the hole.
Note, the 10mm dia. extended tube of the
anchor pin bushing entering a 12mm
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3. The drill guiding spigot set into the
planet carrier to ensure that the planet
axles are located on the 24mm PCD.

drilled hole in the front of the machine

allows the anchor pin to be adjusted on
final assembly to locate exactly into the
annulus carrier. This tube also prevents

DIM X MINUS 0.1mm
P

one of the three grub screws from falling
off the hex key and down into the cutter
head casting when changing gear. Turn the
tube length to allow it to reach within
Tmm of the annulus carrier.

The spindle “end float” is limited
between the main spindle headed
bushings which are pressed in from either
side of the lower part of the cutter head
iron casting. This dimension is marked
“dim X" on the assembly drawing, and for
my machines was nominally 50mm.

Use the ‘neutral’ gear setting by
removing the three grub screws from the
annulus carrier to allow the spindle to
spin when checking for end float. When in
high gear, fill the lower bush housing with
oil up to the bottom of the annulus. When
in low gear also squirt oil into the
internally toothed annulus through the
drilled oil holes in the upper face of its
carrier, this feeds the driving pinion
needle roller, the three planet gear axle
pins, the annulus thrust races and
percolates down to the lower bush
reservoir. Note, the 2mm recess on the
upper face of the carrier, squirt oil into this
recess and in a few minutes it has run
down the four oil holes.

Using this gearbox costs us one of the
original features, that of using simple,
dedicated silver steel cutter arbors.
Because the cutter spindle is now a fixed
part of the epicyclic gear unit, one of the
common standard spindle noses has to
be adopted which will carry both %inch
engraver cutters and 2inch face mills.

Since the Compucutter machine uses a
Taig (Record, Sherline, Peatol etc) ¥%inch
16tpi spindle nose | will stick to this for
interchangeability. The cheap Taig collets
can carry the smaller cutters up to %sinch
diameter. Larger end mills, boring head,
flycutter, face mill etc. are made or have
their holders modified to screw on to the
% 16tpi nose. If you have an open choice
then J&L sell spare collets for the ‘JET’
die-grinder in %inch and %inch size.
These are good quality hardened and
ground units, the %inch variety is
supplied with a hardened collet closing
nut to fit 5/8 x26TPI. Part Nos. FLA-85250
and FLA-85000.

MNote! When using the epicyclic gear
box in high or low ratio the maximum
torque transmitted is limited by the
strength of the primary drive pinion. In
general, install the gear unit when boring
and fly-cutting. The primary drive pinion
shaft as detailed is too light to drive a
large HSS face mill for stock removal,
however, it will happily allow a skim with
a 2inch face mill to provide a good
gasket face. The design of the Compumill
pushes the user into planning around
using carbide tooling for most work
except drilling and milling with small
disposable HSS endmills. A look through
the J&L catalogue will show that due to
the degree to which industry has
embraced carbides the prices have
tumbled, and small solid carbide
endmills are cost effective against HSS
even for amateur use.
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Making the epicyclic

reduction gear

The unit is divided into UPPER and LOWER
sub-assemblies and the relative
positioning of the groups needs to be
studied. Measure the existing height from
the face of the lower bush up to the inside
face of the casting. Subtract this size from
50mm to give the height of the head of the
upper bush. This nominal “target”
dimension is shown on the assembly
drawing. Make and fit the upper bush,
noting that it is necessary to have
clearance between the two bronze bushes.
The actual fitted length of the bushes will
depend on your specific castings. Use
leaded bronze of 40mm dia or 1.5inches
diameter. Skimming a stock “oilite”
sintered headed bush or turning from
phosphor bronze is also satisfactory.

The upper assembly

The ANNULUS in its carrier is loaded from
the top through the 60mm bore which
locates the motor or from the side hatch.
The annulus carrier sits between a pair of
radial thrust bearings on the primary drive
shaft. The PRIMARY DRIVE SHAFT is
driven by the chuck on the motor, and it is
reamed to carry a long dowel (hardened
and ground) on to which fits the PRIMARY
DRIVE PINION or “sun” gear.

The easiest design is to retain the motor
mounted chuck to hold the primary drive
shaft. This relies on the chuck giving
concentric location to the 12mm drive shaft
carrying the primary drive pinion. If the new
chuck does not run true, then remove it from
the shaft and check that the external taper on
the motor shaft or the chuck internal taper
are not damaged. A replacement chuck with
a B16 taper is approximately five pounds
from APTC or Proops.

Shortening primary chuck

The vertical space in the head casting is
quite critical in this design and to help this
we can shorten the primary chuck body
with no loss of drive capability. Measure
from the front face of the primary chuck
down to the face of the upper spindle bush
when the bush is fitted. The body of the
primary chuck can be shortened to give
the nominal dimension of 42mm. This
42mm fitting dimension is shown on the
drawing 1 as dim Y. and was consistent
with the three Nu-tool castings | have
used. Do not be concerned if yours is not
identical, make a note of your nominal size
and work to this. As this turned face
locates the thrust washers it should be
square to the axis of the chuck. Mount the
chuck on a Morse tapered arbor if your
lathe has a Morse headstock. Otherwise
chuck a piece of ¥inch steel and turn to
12.0mm dia. Clamp the chuck on this stub
and tighten so that the end of the three
jaws is level with the end of the bar. Now
face off to give the 42mm nominal fitting
dimension. This assumes that your chuck
is bored through, some are, some are not.
If your chuck is blind, then bore it through
to 14mm and proceed as above or, turn a
12mm shaft true in the lathe and tighten
the chuck onto it. Working from “behind”
the chuck, face the chuck body to achieve
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the 42mm fitting space for the gearbox.
(An advantage of a bored through chuck is
that they are easier to remove with
standard extractors than the blind variety)
Reassemble the primary chuck to the
motor, fit the motor to the cutter head
casting and check the 42mm nominal
fitting dimension. Make a note of this size
as "Fitting height” for the assembled
gearbox complete with upper thrust race.

Primary drive shaft

The 12mm primary drive shaft should be
as long as necessary to give full
engagement minus 3mm within the chuck
jaws. Since full milling power is
transmitted through the grip of the jaws on
this shaft the contact should be a
maximum. Turn the end of a 12mm dia by
38mm length of silver steel bar square and
drill and ream 6mm. Alternatively, to
improve the drive through the chuck, use a
standard tank cutter arbor of the type
which has a tri-lobed shank for optimum
grip in a drill chuck and shorten/ream this.
Another possibility for good grip through
the jaws is to turn the drive shaft from
12mm or 1/2inch AF hexagonal steel,
skimming the minimum off the corners to
allow the shaft to enter the chuck.

Chuck the standard EN24 12T primary
pinion and back turn to give 11mm of full
form tooth. Drill and ream the primary
pinion Bmm, chamfer the front teeth to
assist with final assembly and part off
11mm long.

After thoroughly cleaning these
components assemble with Loctite high
strength retainer on a 6mm by 40mm long
hardened and ground dowel, with 10mm
of the dowel protruding through the pinion
to engage with the needle roller bearing in
the main spindle. Do clean these
components carefully and use the
specified “high strength” retainer as the
full motor torque is transmitted through
this bond.

Annulus gear and carrier

Turn the annulus carrier from aluminium
alloy. Drill and tap the M6 holes for the 3
grub screws at 120 degrees.

Turn the steel annulus gear outer
diameter to 44mm diameter to give a
precise location in the aluminium carrier.
Thoroughly clean the annulus and its
carrier and assemble with Loctite High
Strength Retainer.

Assembly of upper

components

Grease a 12mm bore radial roller thrust
bearing (4mm total thickness) then fit it to
the drive shaft against the primary drive
pinion. Next fit the aluminium annulus
carrier, then fit the second thrust race and
lock the drive shaft securely into the
primary chuck with as little end float as
possible. This completes the upper
assembly prior to adjusting the clearances.

The lower assembly

The CUTTER SPINDLE, which loads from
the bottom through the lower and upper
spindle bushings, is firmly clamped into
the planet carrier.

The UPPER SPINDLE BUSH, is turned

4. The lower components are fitted, the
planet gears run on hardened and ground
axles, the annulus will be foaded in from
above.

5. The Motor/Primary chuck is trial fitted
to the gearbox, and a check made for a
running clearance of 0.5mm between the
upper and lower components.

from leaded bronze and pushes into the
spindle bore in the cutter head from the
top. It is similar to the existing lower
spindle bush. Both bushes are “headed” to
give axial location for the spindle in both
directions. The nominal dimension from
the head of the upper bush down to the
head of the lower bush is 50mm (This was
detailed earlier to be carried out as the first
operation)

The PLANET CARRIER, which loads
from the top or side and is locked onto the
cutter spindle with an M8 grub screw
locating on a SHALLOW flat filed on the
cutter spindle.

NOTE! | am loath to give absolute
dimensions for assembled items due to
the variations that one can reasonably
expect with sizes of castings, chucks,
headings of bushes etc. Do measure your
own machine and component assembly at
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each stage. As is frequently stated on
commercial drawings “Check on job".
Absolute accuracy is not important here, it
is the careful fitting of one part relative to
its mating part that gives the best result.

Turn the spindle from EN24T or mild
steel if you prefer. Ideally the spindle would
be hardened and ground but this requires a
very well equipped workshop. Polish the
16mm diameter to give a push fit into the
reamed hole in the planet carrier.

Turn the planet carrier from mild steel.
The bore is reamed 16mm to locate on the
spindle with a grub screw. The planet
gears are carried on 6mm by 24mm long
case hardened and ground (dowels) axles.
These three axles are spaced equally
around the 24mm Pitch Circle Diameter.

THE DRILLING AND REAMING OF THE
THREE AXLE CENTRES IN THE PLANET
CARRIER IS THE CRUX OF THIS JOB (and
the tricky bit).

Do the best that you are able to get the
planet gears matched with both pinion and
annulus without being tight on either. If
you have the basic kit of drill and lathe
then one method that will give guaranteed
useable results is:

Measure your No.2 centre drill, let's say
it is 4.6mm for example. Turn a drill locator
from steel to 24mm dia (PCD of planet
axles) minus 4.6 (twice radius of centre
drill) = 19.4mm. On this 19.4mm bar turn a
spigot 16.05 diameter by 10mm long and
polish this down to a push fit in the
reamed planet carrier. Part off to give a
10mm length of 19.4 dia.

Chuck the planet carrier truly on the
35mm diameter. Push the drill locator into
the bore. Grind a narrow angled “screw
cutting” shaped tool to approx 20 degrees
and turn the toolpost until the forward
flank of the tool is parallel to the cylindrical
surface of the drill locator. Make a “slip
gauge” from whatever flat stock and feeler
gauges you have to give

12mm minus 19.4/2 (9.7 ) = 2.3mm

Use this gauge to position the tool on the
radius of the planet gear axle centres. Turn a
fine groove on this radius. Blue the face of
the planet carrier and set dividers to 12mm
radius. Step around the 24mm diameter
checking that the six steps are exactly one
circumference. When correct, scribe the arcs
to give a hexagon based on the 24mm
diameter. Use a centre square to scribe bold
radial lines through THREE centres at 120
degrees. These centres (1, 3 and 5) will carry
the axles. Also from these centres scribe
radial lines to the edge of the carrier and
extend these along the 10mm length of the
carrier. Centre punch on these extensions
5mm from the planet carrier face.

Fit the drill locator into the planet carrier
and put the carrier into a drill vice (Photo 3)
holding on the 35 diameter. Put the centre
drill you measured into the chuck and line
up one of the radial axle centre lines so that
it is pointing straight at you. Our eyesight
waorks well in sighting deviations from left to
right, and less well in sighting in depth.
Grease the shank of the centre drill where it
will bear on the locator. As you drill exactly
on the scribed line draw the drill vice gently
towards you to keep the centre drill
contacting the locator. Drill in almost to the
full diameter of the centre drill to ensure
maximum centreing for the 5.8mm reaming
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drill. Drill and ream the three holes 6mm.
This will provide an accurate PCD for the
axles, and will also give adequate accuracy
on the angular spacing. Mark the position
of the radial M8 grub screw which will
clamp the planet carrier to the 16mm
spindle. Centre the screw 30 degrees from
an axle centre line and mark the centre
5mim down from the planet gear locating
face. Drill and tap M8.

Using a centre square through the axle
centres scribe radial lines to the edge of
the carrier diameter and extend them
down the face. Mark 4mm either side of
each line to position 8mm slots at 120
degrees. Set this up on the Compumill in
the dividing head if you have one, or in the
vice, or file the 8mm wide slots carefully to
give an edge depth of 1.5mm. These slots
will take the ends of the three M6 grub
screws tapped in the casing when HIGH
speed is used.

It is a help when shifting up to high
speed if you have painted the 8mm slots
white, this allows the grub screw insertion
to be done without resorting to “feeling”
the grub screw into the slot and risking
burring the diameter of the planet carrier
away from the slots,

Now shorten the standard planet gears
by turning off the boss to leave pinions of
11mm length. Ream the planets 6mm. Turn
a slight chamfer of 20 degrees for a depth
equal to the tooth depth to stop the teeth
scouring the carrier. Clean the planet carrier
and assemble the planet gears on 6mm dia
24mm long hardened and ground dowels.
Introduce the planet gear assembly into the
previously assembled annulus/primary drive
shaft unit. You will have to rotate the gears
to give the alignment necessary for
engagement. Check that the annulus can be
rotated around the planets by using the
cutter spindle as a handle, minor tight spots
will wear in.

Turn the planets around the sun for a
few revs whilst pushing the planet carrier
into the annulus carrier as far as it will go.
Now measure the distance between the
top thrust race and the bottom of the
planet carrier. This has to be
approximately 0.5mm smaller than your
“fitted height” size. There are two options
for adjustment: if the assembly is too
small, turn a washer to be inserted
between the upper thrust race and the
primary chuck.

If the assembly is too long then turn the
lower face of the planet carrier to give the
required clearance of 0.6mm. That’s it,
now for:

Final assembly

Assemble the cutter spindle with
Molygrease in the lower bushing and
locate the planet carrier from above, again
with plenty of grease to allow locking the
two together with minimumn clearance.
Knowing that we hawve four turned surfaces
providing the location here, zero clearance
to slightly tight is ideal as this fit will easily
bed in with use. This is best achieved by
lightly clamping across the spindle to
planet carrier whilst the M8 cup head grub
screw is repeatedly tightened / released to
form an annular location in the flat on the
spindle. This will always repeat, so get it
right first time. Note, file the flat for the M8
screw to minimum depth to locate the cup-
point of the grub screw.

Recap

The ‘battom located’ components of
spindle and planet carrier must be
distanced from the ‘top located’
components of primary drive shaft and
annulus. This clearance is nominally
0.5mm but 0.5 to Tmm is satisfactory. If
this clearance is not maintained the ends
of the planet gears will bind on the lower
thrust race and/or the primary drive pinion
will “mill” into the cutter spindle.

With the primary drive shaft, thrust races
and annulus assembled in “neutral” (no
grub screws), fit the upper components into
the lower components by turning the the
annulus carrier as the primary drive slides
into the cutter spindle. Open the primary
chuck on the motor to its fullest extent and
lower the motor onto the cutter head casting.

After assembly, check that there is no
vertical binding by inserting a feeler
(Photos 4 & 5) between the upper thrust
race and the face of the primary chuck. If
there is no clearance then the primary
chuck face or planet carrier lower face
must be re-skimmed until clearance exists.

Having happily married the top to
bottom units, we can set the planet gear
axles in with Loctite.

Next mark the height on the front face
of the head casting of the tapped holes in
the annulus carrier. Do this by screwing a
shouldered M6 bolt into the annulus
carrier where it can protrude through a
side hatch in the casting. Mark the centre
height and centre punch the position of the
guide bush for the anchor pin to engage
the annulus. The pin is 8mm diameter so
drill 10mm through the casting allowing
the centreing of the bush on its own tube
before final fixing. With the pin in position
spot through the two holes in the flange of
the bush and tap the casting M4 for fixing.
Finally remove the bush and drill the
casting 12mm to allow for adjustment. Use
washers under the M4 adjusting screws.

The three M6 driving grub screws are
removed completely for Low ratio. The
correct position to allow the grub screws to
enter the drive slots in the planet carrier for
High ratio can be marked on the spindle
nose adaptor as 3 centre punch or saw
marks. Obviously, the sliding pin aligns the
first position and the only mistake is to
screw an M6 grub into the M8 tapping by
being 30 degrees out of angular alignment.
Painting the three 8mm slots in the planet
carrier helps greatly here. The extended
bushing for the anchor pin is long enough
to go in close to the annulus carrier
stopping any chance of a grub screw falling
off the hex key and dropping inside. E

Suppliers

Gears from HPC Gears Tel. 01246-
268080 Part Nos. YG1-12 four off, IN1-
36 one off.

Case hardened and ground dowels
6mm diameter for planet gears and
driving pinion RS No. 270-647. Needle
roller bearing for driving pinion RS No.
198-9358. R. S Components

01536 201 201

All oilite sintered bronze bushes from
Proops Tel. 0116 2403 400

Collets in % and % diameter

J&L Industrial Supply Tel.0800 66 33 55
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A HAND PIPE

Peter Rawlinson needed to
produce some neat pipework,
and so came up with a
versatile design of pipe bender
to satisfy several differing sets
of requirements.

Introduction

Approximately 9.months ago | was coming
to the end of building a series of models
based on Stuart Castings, these comprised
in Chronological order -

A Small Mill Engine.

A Combes Rotary Engine.

A Minor Beam Engine, and a James
Combes Table Engine.

These were at a stage of requiring the
copper pipe runs to finish them off. At this
time it was decided that a Pipe Bending
machine would be required. Although |
had purchased a larger model some time
previously, it was not thought that it would
deliver the necessary good quality , fine
finish bends on the small diameter copper
tube, due to its design. This included a bar
which “gripped” the tube and pulled it
around the mandrel, and in doing so badly
damaged the surface, it also tended to
“squash” the tube on the bend.

If the bending is accomplished by using
formers and pressure rollers shaped to suit
the material being worked, then the
“necking” experienced on the bending of
the tube sections can be virtually
eliminated and this was my goal in this
case. |t was therefore decided to build a
new one which would produce a good
finish on the smaller diameters. As | also
planned to make a “snubber” for an

2. Bending 8mm diameter Brass Tube

July 2002

hydraulic circuit on my press an
attachment was added to enable this part
{a multi turn coil), to be handled as well.
A “snubber” is used to damp the
oscillations in the hydraulic oil from a
powered pump prior to it entering the
pressure gauge which helps give a smooth
reading and reduce the effects of metal
fatigue in the gauge and therefore
increases its life. In this modern day they
are often made up using a minute orifice
for the oil to “squeeze” through but in the
past they were made up using a coil of
fine gauge copper tube in the form of a
spiral and it was decided to make the pipe
bender capable of carrying out the task of
bending this spiral. | have in the past used
the Lathe to carry out this type of
operation, or at least to wind springs.

Y

Bending 0.5in. x 0.125in. Aluminium to a 6mm radius

1. General View of Pipe Bender

Description

My original design was similar to the final
design shown on the General
Arrangement drawing, Fig 1, but | have
since added the stops so that accurate
repetitive production can be carried out by
setting the stops. The unit is capable of
bending from 0.degrees,to 270.degrees in
it's standard form, and the stops can be set
at any angle between -3.deg. and
+273.deg. Of course exact coverage will
depend on the springiness of the material
being bent.

The design consists of two major parts
for the Pipe bender. By using additional
mandrels and turning the handle section
upside down, and then placing it on an
extended mandrel above the main base

]! -~
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Fig. 1a Pressure roller assembly
unit, as shown in Fig 2, spiral bending can the parts can be turned and fitted into
be carried out. reamed holes, All materials are standard Some general advice

It has been designed to simply clamp in bar stock and sizes can be varied to suit i
the vice although a clear space around it is what is available (within reason). Only two One or two pieces of advice are offered, at
required (which is a problem in my reamers are required these being 12.mm. the risk of teaching grandmother to suck
workshop). The proverbial swinging of a & 6.mm. or ¥%in. & Yin. Socket screws are eggs. For components which are to be
cat is just not on. used throughout as they can be tightened screwed together, always tap the female

Most of the machining is straight better, and one small piece of brass is threads first so that the screw or die cut
forward and there is no super accuracy used as a slide. However this could be parts can be checked for size against the
required, where a good fit is required then steel, depending on what is available. mating part. On the subject of knurling,
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much has been written about this in the
past, but | feel that there is a lot to be said
for using a slow speed and a slow feed,
along with a copious supply of “suds”
(flooded not dripped) which will wash
away the displaced particles. | also prefer
to polish the steel before applying the
knurling tool. And last, but not least do not
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force the knurls right into the work as the
sharp tops produced can be uncomfortable
on the fingers. For components that need
to be gripped so uncomfortably hard,
either a hexagon form or the provision of a
set of tommy bar holes offers a better
design solution. Here we have a number of
knurled parts to do and it makes good

sense to organise the jobs to complete all
parts at the same time.

For finishing parts, | have a small grinder
and | prefer to finish parts using it wherever
possible. But where this is not possible |
use a small one inch wide band sander of
the Taiwanese variety, which | have found
to be excellent for ends, edges, shapes, etc.
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especially for this operation then the
drilling of all the holes on a radius

should be carried out a the same time and Having a long series slot drill, | pressure roll fork, or the brass wear strip
the same setting where appropriate, as machined the slot in the base unit by that it rests on.

this will guarantee the matching of all the firmly bolting the two parts together. If The remaining operations are
various parts. This circular slot is best you do not have one of these, then you considered to be relatively straight
carried out using a ¥in. slot drill, although | can deal with it in two stages. (This slot is forward.

used an end mill, but this entails drilling a to clear the head of the start limit 2

starting hole of say 5mm diameter. | would adjusting screw).

also suggest that the depth is machined in The fork section requires to be a good Operatlon

say 2mm cuts as it is having to be fed by fit on the base and here | ground the two The use is simple and the photographs
hand. As the cutting position is high parts at the same time and the same show various combinations that can be
relative to the table, it's worth tightening setting, it may well be necessary to hand used. Of course the form,and pressure
everything up as much as possible. finish to a sliding fit the underside of the rolls are to the individuals requirements
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and will vary depending on the radius and
pipe diameter which is required. With the
appropriate rolls etc. it is possible to bend
down to 2mm. radius and up to 40mm.
radius spirals, | would recommend a
minimum of 4mm. radius, but all these
sizes will depend on the cross-section of
the material being bent. Detailed drawings
have not been given of the myriad
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variations of rolls, formers, mandrels etc.
as individual requirements will depend on
the particular job in hand. A typical
selection is shown in Figs 9 and 10. The
basic requirement is to have a former
located against the clamp beam, a
pressure roller and radius roller. For tube
bending each of these components should
match the cross section of the tube. By

giving support to the tube in this way,
flattening is minimised. It is a simple
matter to design and make the parts to suit
your specific requirements.

By using the special adapter for the
spiral bending and turning the pressure
roller section upside down on an extended
mandrel, spiral bends can be made of any
diameter when a suitable former is fitted.
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5. An Assortment of Shape and Pressure
Rollers

There is of course a limitation on the
length of spiral that can be made, this
being is approximately 22mm. The
pressure rollers that are used for the
making of coils will generally be
required to be narrower than the
material being coiled and it will therefore
be necessary to have these as form
rollers or shaped to match the material
being used.

The start of the spiral is a little tricky,
and it has been found that a “pin” with
an appropriate cross hole set at the top
for the material to pass through solves
this problem completely. The tapped
axial hole in the pin allows for fitting a
grub screw to clamp the material if
necessary. A photograph is included
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showing coil bending, but while on this
subject let me point out that the hand
part must be an easy sliding fit on it's
mandrel as the first coil must be
“pulled” up by hand. All subsequent

Model Engineers’ Workshop
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6. A Selection of Mandrels
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coils then follow on automatically. If a
gap is required this can be accomplished
by using a spacer of appropriate
thickness, or making the pressure roll
with the spacer added on but make sure
that this spacer is polished or it will mark
any type of soft material.

| am sure that many other uses can be
made of the unit especially with other
adapters etc.

| hope you find the subject interesting,
and the device of help. Although there is a
little work involved | found it interesting
and more versatile than a typical
commercial unit.

Again as usual | am most happy to help
but telephone only please, my number is
(Charing, Kent.) 01233 712158, ;

7. Several turned and knurled
componams.




ANOTHER FINGER

PLATE

Philip Amos describes a simple accessory which should prove invaluable for small part workholding.

o

1. Finger plate arranged for cross drilling
% inch diameter hole in % inch diameter
rod. Alternative finger and Tee piece also
shown.

Introduction

The finger plate is quite a well known
workshop aid which is most handy in a
variety of bench work to hold small pieces
so that they can be worked on. In
reference 1 Commander Barker points out
that the design is a very personal matter
and minor variations are common to suit
each owner's particular requirements and
preferences. This is probably why they are
seldom found as commercial items, but as
they are simple and inexpensive to make
this scarcity is no great problem.

Design

When | set out to design a finger plate for
my own use | consulted the literature and
found a whole host of references, from
which | selected those shown at the end of
this article.

The Barker model in reference 1is not
fully dimensioned so requires some
judicious scaling and guessing, but it
forms a good starting point.

The proportions of the Lautard model
in reference 2 yield a good source of
dimensions, and it also brings forward the
idea of alternative fingers; one reaches the
sides and one the corners of the
baseplate. The Thomas and Riley models
in references 3 & 4 are only photos but
give guidance on features and
proportions. They are very similar to the
Barker design. In reference 5 Stan Bray
shows a whole variety of finger plate
designs and describes a number of
specific uses.

Construction
Base assembly (Fig 1)

This is built up from three components,
the square base (1), the hold down stud
(2), and the bridge piece (3). Part (1) is
machined to 76 mm square, milled from a
block of 256 mm thick mild steel with 8 mm
grooves (wide and deep) around all 4 sides
for clamping fingers to hold it down on a
lathe or milling or drilling machine table.

On three sides there are centrally placed
square notches from the top to the groove
to allow clearance for a drill to pass
through a workpiece. Along the fourth side
is a 90deg. groove 14 mm wide in the
upper surface, with a 1.6 mm clearance
slot along the bottom of the groove. 20
mm from one end of this groove is a mild
steel bridge piece (3) which acts as a
location for a drill bush. This bridge piece
is held in position using Loctite 603 or 648.
Interchangeable bushes can be provided
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for drilling various size cross holes in rods
up to % inch diameter clamped in the
groove. | use a single drill bush (Fig 2 part
11) for a BS1 (% inch diameter barrel)
centre drill, opening this hole out
afterwards if necessary (with the bush then
removed). Bushes for smaller drill
diameters will be made when required.
Most BS1 centre drills seem to have a
barrel length of 24 mm so | allowed % of
this (8 mm) for the chuck to grip leaving a
maximum length of 16 mm for the guide
bush. If frequent use is envisaged the
bushes can be case hardened, or made
from silver steel, and through hardened.

The base is completed by a central %s
inch BSW stud (2) Loctited in place with 40
mm projecting abowve the top surface of
the base.

Fingers (6 and 7)

Two fingers are suggested, these being
similar except for length, (73mm and
83mm, respectively) and are made from
19x6 mm mild steel. On each finger one
end is solid and the other end is split for
accessibility.

Rocker (8)

This piece of mild steel is machined to
shape from 23 mm of 19 x 6.35 mm stock.
It allows the finger nut to hold the finger
securely as the clamping screw applies
force to the workpiece.

Finger nut (10) & clamp

screw (4 and 5)

Both are made from brass with knurled
rims. The clamp screw knob is held in
position on the screw with Loctite.

Tee piece (9)

When thin rods are placed in the Vee
groove and which do not rise above the
top surface of the base, the small Tee piece
can be used on top of the rod to allow the
finger to apply clamping pressure.

Conclusion

| have found this device most useful in
holding small pieces for drilling, milling
and filing operations and | commend it to

other home workshop enthusiasts.

® For Sale, 37 assorted M.E.W.
magazines, not sequential, £50-00.

Buyer collects.
Please phone 01908 316 073 (Milton
Keynes)
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® Wanted, information and Jor parts for
aWade C.AV Lathe, especially a chuck
to fita 5@8in. B.S.F. Spindle. Any help
appreciated, and all costs met. Please
phone A. Johnson on 01633 420 462

@ Help Wanted - | am having
considerable difficulty in using the
Potts Drill Grinding Jig. Is there

A Forgotten Workshop Tool - W.T. Barker -
A Finger Plate- G. Lautard - Machinists Bedside Reader 1986.

- G. H. Thomas - Model Engineers Workshop Manual1984
Finger Plate - E. Riley - NS & A Hemingway Catalogue 1994.
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(1485) and Gears if available. Please
phone 01603 811 199 (Norwich)

®Wanted, drawings or supplier for an
electric pencil or spark engraver. Please
contact Ken Thornton on 01252 873663




PLASTIC STORAGE
CRATES IN THE
WORKSHOP

1, First project - 3 crates in a wooden
framework

or some years | have been using
these crates to take tools to DIY
jobs “off site”. They are very
handy to quickly load up and pop
into the back of the car, do the job and
bring the stuff home again.
Numerous house and flat moves made
by the offspring in their University
education and employment all seem to
have involved these plastic boxes. | have
collected a number from several
manufacturers, but never used them with
any serious intent in the workshop for
long-term storage because:
® There is no uniformity of design;
different makes are incompatible in
dimensions.

® Some styles don't seem to be in
production long. A special offer in a
DI¥Y chain soon disappears.

® Some are just too big and most too
fragile to hold heavy materials like steel
etc. I've also found they don't make
very long lasting scrap metal bins.

Although most are designed to stack by
rotating through 180 degrees, they are not
very stable when stacked full. You certainly
can't move a full stack around the
workshop and getting to the bottom crate
in a stack is hard work.

My first serious use of these plastic
crates is shown in Photo1. This unit was

Mike Haughton suggests ways of using readily available crates to
give added storage space, a decided boon to those of us who are

inveterate squirrels

designed to go under the workshop bench.

Three crates are slid into a wooden

framework so they are suspended from

their sides by horizontal rails.

This first 3-crate unit replaced an untidy
pile of useful materials under the bench
just waiting for me to sort through them
and find a use for them. | have yet to meet
a model engineer that does not hoard and
how many of us have sufficient workshop
space! You can see that | have used
Safeway's “"Green Boxes” in my design
because:
® These were on special offer at 99p

each and have been available for some
years in the same design.

® They have almost parallel sides with a
strong horizontal lip to hang the box
from. Watch out for other designs that
have webs moulded into the underside
of the lip, which would foul the sliding
mechanism.

@® They are not too big. Approx.
345x525x%230mm deep. My tests
showed that they could hold around
20kg. Above this loading the lips distort
with the weight and the crate can slip
off the horizontal supports. About 10kg
would, | think be a sensible maximum
loading and not too bad on the back
when you hawve to slide them out.

® These Safeway’s Green Boxes are
actually made by Instore in
Mississauga, Canada, so there is a fair
chance they will be available in North
America and elsewhere.

@ The construction is pretty
straightforward. You will have to
adjust the dimensions to suit the
crates you decide to use.

From photo 1, you can see | have used
very light timber, 33x33mm PAR (planed
all round) spruce for the frame verticals
and horizontals. All the halving joints
were made a tight fit and also screwed
and glued. After filling the countersunk
screw head holes and any imperfections
in the timber with filler, the filler was
sanded down and the completed
construction was painted with water
based garden furniture paint.

This paint is quick to apply and dry and
in use seems to reduce the wear on the
slide horizontals caused by the plastic
crates being pulled in and out; in addition
to preventing oil saturation. North
American readers will no doubt laugh out
loud at the timber dimensions | used and

use something more substantial and
better quality!

One criticism of the design is the
possibility that the front verticals may
spread and let the boxes slip off the
horizontals. In 3 years of use this hasn't
happened yet, but a simple steel tie-bar
across the front legs above the lowest
crate would soon prevent this. If you are
handy with an electric welder the whole lot
could be made from 25mm square steel
tube instead of timber.

A second project

The first project functioned so well that |
went on and designed and made a table
with six green boxes and two drawers .See
Photo 2. The table is on castors and also
has electrical sockets on an extension lead
s0 | can paosition it where | choose in the
workshop and push it away in a corner
when not needed. For this second design |
beefed up all the vertical timbers to
45x45mm (2in.x 2in.) PAR and increased
the spacing between the tops of the
horizontal rails from 9" to 9%". As | like
high workbenches, in this case 35
{890mm); | was left with space to fit two

2. The table with six green boxes and 2
drawers.
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3. Using a mitre saw to cut halving joints in the verticals.

drawers below the worktop. These
drawers have proved to be absolutely
invaluable and now house some of my
measuring and marking out equipment.
Photo 3 shows the halving joints being cut
in the verticals with a mitre saw. The steel
rule has been placed in a previous saw cut
to keep all the joint cuts in alignment.

| decided to use 450mm bottom drawer
runners from Screwfix as | have found
they produce a very easy to open drawer.
Care is needed to dimension the drawer
size relative to the frame. Buy your drawer
slides before you start building! See the
sources list. Photo 4 shows the frames
assembled with the drawer slides fitted.
The tabletop is standing at the rear.

The actual drawers are boxes made
with dovetail joints using a router and a
Titan dovetail jig from M&M Tools. See

4, The frames assembled with the drawer
slides.
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sources list. Screwfix also sell a similar
jig. Once fitted to the drawer runners a
separate drawer front is made and
screwed and glued in place. | made the
drawer fronts fit within the frame but a
better appearance would have been
achieved if the drawer front had been
mounted on the surface of the frame as
in a kitchen unit. The drawers | made
were 22" (560mm) front to back. This
proved to be too deep to see what is in
the back of the drawer. | was unable to
find a drawer slide longer than 450mm
and you might want to reduce the drawer
depth accordingly.

The top of the table is a 4ft.x 2ft.
(1220x610mm) piece of 18mm thick MDF
with an under frame of 6in.x1in. PAR
spruce screwed and glued under the top.
This frame has sockets to accept the tops
of the six table legs. The rear legs are tied
together with a low stretcher to prevent
them splaying.

My workshop is always too small and |
decided to experiment with a table on
castors that | could push out of the way or
pull forward as required. In this design the
castors are 2in. diameter (50mm dia.),
have a load capacity of 45kg each and
came from IKEA, see sources list. The
addition of castors has proved to be an
absolute boon. The ones | used don't have
a brake, but this does not seem to be a
disadvantage in use on a relatively flat
concrete floor.

A third project

Photo 5 shows the tower storage | built
with 4 drawers and 3 storage boxes.
The design incorporates all the
features described above. The storage
tower is some 55in.(1400mm) high. It
was photographed before simple ply
sides were fitted to keep the stored
materials clean.

Conclusions

These storage solutions using Safeway's
green boxes really work well for me. I'm

about to make another under bench unit
that will be on castors, use a 2in.x2in.
frame and have a shallow drawer at the
top to hold small tools.

Footnotes

Drawers, even wooden ones, have some
disadvantages when used to hold loose
tools as they roll about and easily
become damaged. One solution | have
found useful is to line the drawers with
some thick dimpled PVC sheeting called
“Rationell” from IKEA. This sheeting is
soft and also provides some anti roll
effect. It is sold to line the drawers of
kitchen units holding knives. A piece of
this material can be seen on the table

top in Photo 2. Q]

5 A storage tower with 4 drawers and 3
storage boxes.

Sources

Screwfixdirect
http:/fwww.screwfix.com

Part number 1859, bottormn drawer
runner 450mm.

Part number 7062, 12" dovetail jig.

M&M Tools. M&M Distributors Limited,
PO Box 128, Bexhill-On-Sea, Sussex
TN40 2QT. Titan TCT Cutters and
Dovetail Jig.

IKEA http://www.ikea.com

Part No. 966.713.00 RILL 50mm castors
45kg max loading.

Part No 8000.128.53 RATIONELL
150x50.4cm PVC drawer liner.
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ELECTRONICS IN THE
MODEL ENGINEER’S
WORKSHOP (5)

Mike Feather considers Servo and Stepper motors, and gives suggestions for driver circuits

Clarification

Before embarking on the new subject
matter, | have to express my thanks to
Mr. Atkins for pointing out that Fig 16
MEW issue 81 page 43 is open to
misinterpretation. For the avoidance of
doubt, the wires shown crossing are not
interconnected.

Servomotors and
stepper motors

The most commonly used form of d.c.
motor is the permanent
magnet/commutator type, whose basic
function is to develop a rotational power
output when supplied with a d.c. voltage.
Such motors find wide application in many
fields and speed control can easily be
achieved by the use of relatively simple
electronic circuitry which can also improve
the performance of the motor. These
techniques were discussed in Article 2 of
this series, (MEW issue 80)

Some situations demand that the speed
of the motor be maintained at a precise
value; a common example is the drive
system for record player turntable. In a
typical arrangement, the turntable is driven
by a small motor via a belt drive. The edge
of the turntable is provided with equally
spaced optically reflective markings which
are illuminated by a small lamp or LED. A
photodiode or phototransistor senses the
reflected bursts of light as the turntable
rotates, so developing a series of pulses
whose frequency is proportional to the
speed of the turntable. The frequency of
the pulses is compared electronically with
pulses produced by a stable reference
oscillator and the output of the
comparison circuitry is fed to the motor

control circuit. A block diagram of the

arrangement is shown in Fig. 1.
If the frequency of the pulses generated
by the turntable differs from the reference
pulse frequency, the motor control circuit
will adjust the speed until the two become
equal. Speed control systems of this type
are known as servo systems and there are
numerous alternative techniques for

developing the speed related feedback
signal. This method of comparing the

actual value of a quantity with the desired
value and adjusting the former if the two

are not equal forms the basis of most

control systems.
In another type of servomotor
arrangement, the function is to control the
motor's output shaft position, rather than
its speed. Such systems - known as
proportional mowvement controllers — find
applications in the area of remote control
of valves, satellite aerials and elsewhere.
There are two basic approaches to the task
of achieving proportional control —

analogue and digital.

Analogue proportional

control

In an analogue proportional control
system, the motor's output shaft is
mechanically coupled to a potentiometer
via a speed reduction gearbox. The
potentiometer is connected as a voltage

divider, so that the voltage at its slider,

Vout, will be proportional to the rotation of
the gearbox output shaft. Vout therefore
provides the feedback signal. A possible

arrangement for a proportional control

system is shown in Fig. 2.
Variable resistor VR1 is the shaft

position sensor whilst VVR2 is a similar
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Fig.1 Servo speed control

resistor used to set the desired position (it
is known as the set potentiometer). It too
is wired as a voltage divider so that the
voltage at its slider, Vref, will be
proportional to the degree of rotation.

The Vout and Vref signals are compared
by applying them to the inputs of an
operational amplifier chip, IC1, which is
wired in differential mode, i.e. its output
voltage is proportional to the difference
between the voltages present at its two
inputs (known as invert and non-invert,
marked - and + in the figure). When the
output shaft position matches the set
potentiometer position, VR1 will be equal
to VR2 and Vout will equal Vref. There is
thus no difference between the two
voltages and the operational amplifier
output is zero. Motor driver transistors TR1
and TR2 will both be turned off and the
motor will be stationary.

Rotating VR2 will cause a change in Vref
so upsetting this balance and causing a
voltage to occur at the output of the op.
amp. and depending upon the polarity of
this, either TR1 or TR2 will turn on so
causing the motor to run and rotate the
output shaft until the value of VR1
becomes equal to the new value of VR2, at
which point the rotation of the motor will
cease. Fig.3 shows an experimental set-up
of the arrangement.

MNote that the motor includes an integral
reduction gearbox. The variable resistors
WR1 and VR2 are, in this case, ten turn
types (rather than the usual 270°) in order
to allow up to ten turns of the output shaft.
The combination of Rb and VR3
determines the overall gain (amplification)
of the circuit and VR3 can be adjusted to
control the speed of response of the
system. Too fast a response will lead to the
output shaft overshooting and possibly
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oscillating about the final position, so a
compromise between speed and stability
needs to be established.

Digital proportional
controllers

Digital control is perhaps the most
commonly used form of proportional
position control and finds wide application
in the area of remote controlled models
where it is used for rudder control, aileron
control, whatever. The motors used are
usually simply referred to as ‘servos’.

A typical small servo consists of a d.c.
motor and reduction gearbox which
provide the mechanical output. A
potentiometer coupled to the gearbox
output shaft provides the position related
signal in much the same way as for an
analogue system. The electronic control is
entirely different however and a block
diagram of the basic arrangement is
shown in Fig. 4, whilst Fig. 5 shows a
typical small servomotor. The position of
the servo’s output shaft is controlled by a
variable width input pulse which is applied
repetitively at a rate of about once every
15 milliseconds. The width of the pulse
determines the position of the output shaft
and the usual arrangement is:

Pulse Width Shaft Position
1.0ms Fully Anticlockwise
1.5ms Centre

2.0ms Fully Clockwise

Suitable control pulses can be
generated using the circuit of Fig. 6. The
circuit uses two 555 timer chips IC1 and
IC2. IC1 develops the control pulses at a
rate which can be varied from once every
12 ms to about once every 20 ms. IC2
controls the width of the pulses and hence
the servo output position. With the
component values suggested, VR2 allows
the pulse width to be varied between 1 ms
and 2ms so giving control over the full
angular position of the servo's output
shaft. VR3 is a trimmer type variable
resistor which can be adjusted so that with
VR2 in its center position, the pulse width
is precisely 1.5 ms, so causing the servo
output shaft to go to its centre position.

Other servomotor
circuits

Several manufacturers supply dedicated
servomotor control chips which employ
the digital approach and may be used with
conventional d.c. motor/gearbox and
potentiometer combinations. A typical
device is the Ferranti ZN409 chip and a
suitable application circuit for a small d.c.
motor is shown in Fig. 7.

The control pulse specifications are the
same as those described for the model
control servomotors and may be derived
using the circuit of Fig. 6. In a later article,
we shall look at how microcontroller chips
can be used to control d.c. servomotors.

Stepper motors

Stepper motors provide an alternative
approach to the task of achieving
positional control by means of an electric
motor. The technique used is quite
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Fig. 3 Analogue proportional
controller; experimental setup
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different to that of their d.c. counterparts.

As the name implies, the mechanical
output of a stepper motor is in the form of
discrete rotational steps, rather than the
continuous smooth rotation of a d.c.
motor. The size of the step is known as the
step angle or angular resolution and the
coarsest motors might rotate 90° per step,
i.e. four steps per revolution of the output
shaft. Higher resolution motors commonly
offer 7.5 (48 steps/rev) or 1.8 (200 step/
rev). Even smaller step angles can be
obtained with appropriate control circuitry.

There are two basic types of stepper
motor, variable reluctance and permanent
magnet.

Stepper motors are the motive power
used by Richard Bartlett's well known
Compucut system, and readers may wish
to look over his comments in Ref 1, and
related articles.

Variable reluctance
stepper motors

Variable reluctance motors normally have
three, occasionally four, stator coil
windings, with one end of each winding
being joined to a common connection. The
iron rotor will have a number of teeth
machined into it which, together with the
number of stator coils, determines the step

T WMcharkad Pk d ol b

Fig. 4 Digital servo system

Fig. 5 A small digital
servomotor

angle of the motor. Fig. 8 shows the coil
and rotor arrangement of a simple 30° per
step variable reluctance motor.

The stator has three pairs of poles
(labelled 1 to 3) in the figure, each of the
three coils being wound around two
opposite poles. The rotor has four teeth. If
current is passed through winding 1, rotor
teeth A will be attracted to this pair of
poles and the rotor will move to the
position shown in the figure.

If the current in winding 1 is now
turned off and sent through winding 2
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. . = - - ] . instead, the rotor will turn through 30°
_Hr clockwise so that teeth B line up with poles
2. Energising winding 3 will cause a further
o0k pan 30" clockwise step. To achieve continuous
P4z stepped rotation, we simply apply current
i to the three windings in sequence. The
Fig. 7 Digital table of Fig.9 shows this sequence, a ‘1"
servomotor indicating that the current in a coil is
control circuit 1 switched on. Variable reluctance motors
using the i with as many as five stator windings and
ZN409 chip o oy more rotor teeth are available, thus
offering better angular resolution.
Fig. 13
Winding 1 1 60 0 1 0 0 1 0 0 1 0 0 1 A 1 1. 0 O Winding
Winding 2 01 0 0 1 0 0 1 0 0 1 0 00 B 0 0 1 4 excitation
Winding 3 QU 1 0 0. 1.0 0 1 0.0 1 10 C T 1 ;"::l:e"“
Deg. Rotation 0 30 60 90 120 150 180 210 240 270 300 330 360 D 1 0 0 1 unipolar
; - e . Deg. Rotation 030 60 90 moker
i SRS Fig. 9 Coil energising sequence for a six pole
1" =current on in winding \3riabje reluctance stepper motor oo (two pole
1" = current on excitation)
i1 1 Fig. 11 Winding and rotor i
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B 0 0 1 0 el c R excitation
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c 0 1 0 0 sequence D 0 - 0 =+ sequence
D 00 0 1 for a Deg. Rotation 0 30 60 90 fora
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Fig. 10 Winding arrangement motor The + and - signs indicate the polarity of Motor
for a unipolar stepper motor “1" = current on (single pole  \yindings at each step. 0 = winding off
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Permanent magnet
stepper motors

Permanent magnet motors usually have
two independent sets of stator windings
and a magnetised rotor. There are two
possible arrangements of the stator coil
windings, leading to two categories of this
type of motar, unipolar and bipolar.

Unipolar sttepper
motors

Unipolar motors have two centre-tapped
stator windings as shown in Fig. 10.

Motors of this type will thus normally
have six connecting leads, although the
two centre-taps are often connected
together internally, resulting in a motor
with just five external connecting leads. In
use, the centre-taps are normally
connected to the positive power supply rail
and the two ends of each winding are
alternately connected to the 0V rail in
order to reverse the direction of the
magnetic field generated by the winding.
Fig. 11 shows the coil and pole/rotor
arrangement of a simple 20° per step
unipolar motor.

Winding A is shared by the top and
bottom stator poles, whilst winding B
provides the field for the left and right
poles. The rotor is permanently
magnetised with three diametrically
opposite north and south poles arranged
60" apart around its circumference, as
shown. In the position shown, coil A is
energised, causing the top stator pole to
become north, so attracting the south rotor
pole. If the energising current is now
switched to coil C, the right hand stator
pole becomes south so attracting the
adjacent rotor north pole and the motor
turns one step of 30°. The current
switching sequence for one complete
revolution is shown in Fig. 12.

Note that only one winding is energised
at a time. It is possible to apply current to
two windings simultaneously and this will
result in an increased output torque. The
energising sequence for this is shown in
Fig. 13.

The rotor positions produced by the two
sequences are different and combining
them results in a technique called half-
stepping in which the motor stops
alternately at the positions in one or the
other of the sequences.

Bipolar stepper
motors

The mechanical arrangement of a bipolar
stepper motor is identical to that of the
unipolar type, but the two stator windings
are wired more simply, with no centre-taps.
This makes the motor somewhat cheaper
to manufacture but results in more
complex drive circuitry as the polarity of
each winding needs to be reversed in order
to reverse the direction of its magnetic
field. Some form of H-bridge circuit (see
MEW issue 80) is normally employed.

Fig. 14 shows the winding and pole/rotor
arrangement of a simple bipolar stepper
motor, whilst the winding energising
sequence is shown in Fig. 15.
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Fig. 16 Typical small stepper motors

£,
_—
£ 3
A rerttat TN
{0 CETRERYD  Fig. 17 Winding
LS -} arr_angement for a
3 unipolar stepper
g u motor
o
oter zuppy vidlage
D n» 1k} C4
1 1 ka0 e 1 MaTKT;
Fig. 18 Basic
4-phase unipolar
control circuit
147 [l (] 53 Y]
TR P41 T4 | TIP:1
: 14E
=l - e
“a L
1 O B
e
©
~ On
A | | j 0%
| Fig. 19
B . Phase
sequence
waveforms
for a
i unipolar
| motor with
< o | one phase
on at a time
excitation
51



b

- W TIpE ©
|]|H1 ” |
G
E¥g.2 . L T i
H-bridge e el
circuit for (=11
; 2
control of F Y <2
i LAAAS
bipolar motor N == [
Gz
TRdI
&= = o
Ly TR T
I.r\'¢=
s ©
R3
Capom- Ry g
ATy ci
e Framm A
EIT e = o e
Amcldy Cosarel  —— PoE5C
=5 s Cilrsa 13 HEdge o
11T | St % Pa%2 Sdanirgindite
iR Torc oo saTe . LG’ ; )
| ——y |02
i ————— L
Panal | e 1
& Y el Berang Irputs
& — S TG e

Fig.21
Basic circuit arrangement
for the L297 chip

e d1 P 20 ] RESET
GND | || HALFIFULL
HOME 7] | TLocK
& [ ] cwicew
M1 L_ \297 J O5C
B ] | Wil
c O Fig.zz ] SENSE1
NHZ [ ] P!" out | ] SENSF2
: diagram for B

[} thel297 chip H ¥
enaee (1o 1 j“’] GONTROL

Identifying motor
types

Fig. 16 shows a collection of small stepper
motors, both bipolar and unipolar.

The motors do not usually carry much
in the way of useful labelling other than
perhaps the step angle and operating
voltage and/or coil resistance. Connecting
leads will vary in number according to the
type of motor and, although generally
colour coded, there is no particular
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standard adopted by different
manufacturers. It can therefore be
something of a problem in determining the
type of motor and the arrangement of its
connecting leads.

Turning the rotor will usually distinguish
between variable reluctance and
permanent magnet types. The former will
offer little resistance to rotation whilst the
permanent magnet variety will tend to
move in ‘jumps’ as the magnetised rotor
poles line up with those of the stator. An
ohmmeter can also be used to identify the
two types: variable reluctance motors
usually have three (sometimes four)
windings with a common connection for
each. Permanent magnet types normally
have two independent windings with or
without centre-taps (unipolar and bipolar
respectively). So:
® A motor with six leads is probably four
pole unipolar: the two centre taps are often
the same colour.
® A motor with five leads is probably
four pole unipolar with the two centre-taps
connected internally.
® A motor with four leads is either a
three pole variable reluctance type or four
pole bipolar: a resistance test with a
multimeter will reveal the identity.

For a five or six lead unipolar motor it is
necessary to identify the centre-tap lead(s).
Once again, a multimeter can be used.
Referring to the coil arrangement diagram
of Fig. 17, the centre-tap lead will be the
one with only half as much resistance
between it and the other ends of the
winding.

Finally, it is necessary to determine the
order of the windings. Connect the centre-
tap(s) to the positive terminal of an
appropriate power supply and connect one
of the other leads to the 0V terminal. Now
connect each of the three remaining leads
to the OV terminal in turn and observe the
movement of the motor shaft.

Assume that coil D is the one already
connected to OV. The following table
describes the effect of connecting the
other leads to 0V and hence identifies the
windings.

Lead Connected
to Coil

Slightly Clockwise C

Slightly Anticlockwise A

None B

Motor Rotation

Stepper motor drive
circuits

The reader will ap preciate that, whatever
type of stepper motor is to be used, the
driver circuitry must switch the current in
each winding on and off in a predetermined
sequence (known as the phase sequence) in
order to achieve the desired stepping of the
rotor. Transistor switches (bipolar or FET)
can be used to achieve this switching action
and Fig. 18 shows a possible arrangement
for a four phase unipolar motor using NPN
transistor switches. The phase sequence
pulses are applied to the transistor bases, so
turning on the transistors and the windings
connected to them. For a unipolar motor
operating in one phase on at a time mode
and running clockwise, the required
sequence of pulses is shown in Fig. 19.
Diodes D1 to D4 are connected across the
motor windings and are essential in order to
absorb the back e.m.f. generated across the
winding when the current in it is turned off.

For bipolar motors, things are a little
more complex as the current direction in
each winding needs to be reversed. As
mentioned, an H-bridge arrangement is
normally employed and Fig. 20 shows a
typical circuit.

Generating the phase
sequence

This task can be approached in a number
of ways. At the most basic level, a suitable
combination of logic gates (counters, shift
registers etc.) driven by a clock pulse
generator may be assembled and its
outputs used to drive the transistor switch
circuits of Fig. 18 or Fig. 20. This type of
solution is often called ‘hard wired logic’
and it can lead to a fair degree of
complexity. In addition to this, it is very
inflexible, in that any desired change to the
phase sequence would be very difficult to
implement. Such systems are seldom used
nowadays. At the other end of the scale, it
is a relatively straightforward matter to
generate the sequence using a
microcomputer and an appropriate
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programme. Many variations on this
approach have been devised, most
employing the printer port to output the
sequence to the switching transistors.

Of course, tying up a desk top computer
to the task of controlling one or two
stepper motors is just one approach.
During recent years a whole range of
small, cheap microprocessor chips
dedicated to the task of control has been
developed by semiconductor
manufacturers. These fascinating devices
are kmown as microcontrollers and we
shall take a look at them in a future article.

In order to ease the burden of generating
complicated phase sequences on the
microprocessor, a range of dedicated
stepper motor controller chips have been
developed by semiconductor
manufacturers. A very useful example of
such devices is the L297 stepper motor
controller chip produced by SGS Thomsaon.
This chip integrates all of the control
circuitry, including phase sequence
generation and load current regulation
needed to operate both unipolar and bipolar
motors. It has a number of input (control)
signals which would normally be derived
from a microcomputer or microcontroller
and, with relatively simple software, very
flexible and efficient stepper motor systems
can be designed and constructed. Fig. 21
shows the basic configuration of the L297
for contralling a two phase bipolar motor.
An L298 dual H-bridge driver chip provides
the necessary current reversal operations in
the motor windings and at the same time
provides sufficient power for stepper motors
of up to 2A per phase. For unipolar motors,
the L298 can be replaced with four switching
transistors. Fig. 22 shows the pin-out
diagram of the L297, whilst the functions of
the pins are described in the table of Fig. 23.

Load current

regulation

The L297 incorporates pulse width
modulation circuitry (see MEW iss 80) in
order to achieve good speed and torque
characteristics in the motor, with the peak
current being set by the voltage applied to
the Vref pin. Earlier technology relied on
the application of a higher voltage and the
presence of a resistor in the phase supply.

A practical 4-phase
unipolar motor drive
circuit

Fig. 24 shows the arrangement for driving a
4-phase unipolar motor. In this circuit, a
ULN2075B quad darlington driver chip
provides the power interface between the
L297 and the stepper motor. The chip
contains four darlington transistors, each
capable of handling up to 2A. Two 0R47
(yes, 0.47 ohm!) resistors carry the emitter
currents for the transistors and the voltage
across them is used to provide the sense
inputs for the L297. Diodes D1 to D4 give
back e.m.f. protection and they must be fast
switching types such as UF5402. Do not use
standard power diodes such as the TN5402
in this application. Note that pins 4,5,12 and
13 of the ULN2075B are heat sink contact
tabs and, for higher power motors, they
should be soldered to a substantial area of
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Pin No. Name Function

1 Sync For synchronising operation of several L297's

2 Gnd Ground (0V) connection

3 Home Output indicates when chip is in its initial condition
(ABCD = 0101)

4 A Motor phase A drive output

5 INH1 Active low output to regulate winding current of A and B

phases

6 B Motor phase B drive output

7 C Motor phase C drive output

8 INH2 Active low output to regulate winding current of C and D
phases

9 D Motor phase D output

10 Enable Chip enable input: highto activate chip

11 Control Input that defines action of current control circuitry

12 Vs +5V supply

13 Sense 2 Load current sensing input for phases Cand D

14 Sense 1 Load current sensing input for phases A and B

15 Vref Reference voltage for current control circuitry

16 Osc Connects to a resistor/capacitor network and determines
frequency of current control circuitry

17 CW/CCW | Clockwise/Counterclockwise rotation control

18 Clock Input for stepping pulses

19 Half/Full Input selects half or full step operations of motor

20 Reset Input: a low pulse sets the phase frequencer to the initial
condition (ABCD = 0101}

Fig. 23 Pin functions fo the L297 stepper motor driver chip

-
Fig. 24 Driver arrangement
for unipolar motor using
ULN2075B Quad darlington
transistor package
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copper on the printed circuit board.

Some external logic gating of the phase
and inhibit signals from the L297 is
necessary in order to permit correct action
of the current control circuitry. A CMOS
4011 quad NAND chip would be suitable.

The ULN2075B chip could be replaced
with four individual NPN power darlington
transistors such as the TIP121. If this
approach is followed, then base resistors
must be included: 1K0 would be
appropriate.

For a bipolar motor, things are simpler

as the L298 chip contains all of the
necessary current control circuitry. A
suitable practical arrangement is shown in
Fig. 25. Once again back e.m.f. protection
diodes must be fast types and the 0R47
current sensing resistors are necessary in
order to achieve good motor torque/speed

characteristics. él

Reference
1) CNC for Practical Engineers (4) MEW
issue 44 page 31
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Suction fences and

vacuum cleaners

Peter Gascoyne of Wantage
writes

Could | make a couple of comments on the
article in issue No. 80 by Ted Wale about
his suction fence. So called “vacuum”
cleaners actually produce very little
vacuum. Only ¥ to 1 PSI reduction below
atmospheric pressure is a typical value
Really they should be called suction
cleaners but no-one does. | have just done
some quick tests on four cleaners that
were fairly readily to hand. Three, that
were bag types, gave about 4 PS| while the
other, a modern cyclone type, gave 3.5 PSI.
These were all measured with the pipe
blocked. | suspect that Ted’s vac only
produces 1PSI or less of suction which,
actually, is just as well as 10PSI would
apply about half a ton load to the lid of his
cleaner. This fact does not stop his fence
from working. What happens is that the
whole of the surface of the wood in
contact with the fence is subject to suction
in varying degrees. At the edges it will,
course, be zero, At the holes it will be the
full value. In between it will vary between
these two values. In effect it will be as
though the full value had been applied
over ¥ to % of the area in contact with the
fence. Hence the fence works.

It is also important to use a vac that has
separate motor cooling for this type of duty.
Most domestic ones cool the motor with
the air that passes along the hose. If the
hose is blocked for any length of time, the
motor will overheat. Ones where the motor
projects through the lid, as the one that Ted
uses, should be OK but do check. Read the
leaflet that came with it then block the hose
and see that the flow of air into or out of the
motor vents does not change.

| hope that these comments are helpful.

An electronic query
From Mr Peter Levis

| refer, in particular, to the series of articles
by Mike Feather. | am a very much retired
electrical/electronic engineer and have
appreciated his articles very much. | am
particularly interested in the speed control
of single phase induction motors around
the half HP size. Looking around the
options there appears to be only one, Start
by changing your motor to 3 phase,
procure a transformer to produce 440V or
thereabouts, bridge rectify to DC roughly,
then produce a piece of electronics to
generate a variable frequency with 3
outputs at 120 deg. and fire three
thrystors, or similar to give you a variable
frequency 3 phase supply, or just buy an
inverter. Can't this same logic be applied to
a single phase motor. | know one has the
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consideration of, shaded pole, capacitor
start, capacitor start/run and may be more
that | have forgotten. Is Mike going to
address this in subsequent articles?

Mike Feather replies:

The present answer is no but there are
rumours (and only rumours) of new
developments which may make this
possible. Clearly if this does become a
reality then it will open up a whole
range of possibilities for speed control of
small machines.

Information wanted

Michel Jacot of Neuffen,

Germany, writes:
| am looking for information on the
“Chinese South Pointing Wagon” with a
view to making one. | have been told that
the wagon and its mechanism were
described in “Meccano Magazine” back in
the 1950’s, and also in Model Engineer.
Can anyone please help.

Michel Jacot, Bahnhof Str. 19, 72639
Neuffen, Germany.

Coolant comment

From Mr K. A. Willson,
Fleet, Hants.

Mr D. C. Sylvester writes in issue 81 of
M.E.W. concerning coolant. He correctly
identifies the weakening of his soluble oil
for the staining of the ways. Undoubtedly
a better coolant would be a Neat Qil,
which is quite easy to pump.

He fortunately has a branch of Buck &
Hickman in Peterborough (usual
disclaimer) where he can get advice and
supplies of suitable oil. He will need to buy
25 litres and so should look around for a
friend to share the costs.

A threadform query

From Mr D. Berrecloth,
Uckfield

| have just realised that in the tables in
Appendix C of Workshop Practice Series
Book No 12 (Drills, Taps, and Dies) the
percentage thread engagement data is
based on the depth of the nut thread,
whereas | thought it should be caleulated
from the depth of the bolt thread asin
Workshop Practice Series Book No 3
(Screwcutting in the Lathe). Would any
reader who may be well versed in the
subject care to offer chapter and verse.

Toolposts, fingers and

elastoplasts

Mr Alan MacFarlane of
Aberdeen U.S.A writes

| have just received the April issue of
Model Engineer's Workshop and noted the
article "Easy Changing of Lathe Tools".

LINE

The 4 way toolholder described has its
good points: easy to make, of readily
available materials, and at low expense. As
a former user of this type of toolholder, |
have found its bad points. They consist of
four sharp cutting tools , any one of which
can stab your fingers or back of hand in a
careless moment. How do | know this? -
from the supply of Band-Aids | used to
carry in my toolbox that were often
needed when using the lathe.

It could be said “well, you just have to be
more careful” and that is probably true,
perhaps | am more careless and in a hurry
than the average model engineer. In any
event | solved my problem by storing all my
4 way toolposts on a very high shelf and
purchasing the modern Aloris-Dorian type
toolpost with interchangable tool holders.
What a blessing! Tools can be changed in
seconds and they are always at the proper
height. No boxes of shims, no unseemly
language while fumbling with the shims to
obtain proper tool position. My purchases of
bandages have been cut by at least 80% and
I have an efficient tooling system. Yes, the
downside is that they are rather costly. The
US built posts are in the $200 (probably
£200 for the UK) price range, but Far East
copies can be purchased for as low as $69.
This does not include the tocl holder so at
least one should be bought. Then you can
make any number of copies from square
steel or even aluminum at very low cost. |
have made 9 holders at about $2 each.
Anyone with a lathe milling attachment or
vertical mill and a 60 degree dowetail cutter
can make as many as desired. Extreme
precision is not needed, any small amount
of slack in the dovetail is taken up by the
clamping mechanism. | have found my
aluminum toolholders have worked very
well, and a lot easier to machine on my
rather lightweight vertical mill.

Another option- in the May 20, 1977 issue
no.3561 of Model Engineer is an excellent
article on making a tool post by L. Phillips. It
uses the same principle of separate tool
blocks and could be made at very low cost. |
found it interesting that Mr. Phillips stated
he designed and built his tool post about
1953, almost 50 years ago. | do not know
when the design was put on the market but
the idea seems to have been lost for many
years. [t was, and is, a great idea, compared
to the American lantern post and the English
pattern, both awkward and slow. | strongly
advise anyone thinking about a tool holding
system for their lathe to look into one of
these options. They may save you pain,
aggravation and if you're like me,

bloodshed!

An interference
(won’t) fit
Peter Rawlinson writes

My thanks to the reader who took time to
phone and point out an error on the
drawings for my Quick Quill Stop (MEW
Issue 82 page 33) As dimensioned, the
parts cannot be assembled due to a one
millimetre interference between the Inner
Nut and the Outer Case. If the outside

Model Engineers’ Workshop



Elevating head lathes
and other queried
oddities

Tim Bard of Riyadh writes:

Regarding the note by Leanard Woods in
ME Workshop Mo 80 in responding to

Mr. George Mills query about elevating
head lathes. The elevating head lathe
does exist in production from Russia. |
have a new one called an ERTEN
Machining Center. If | understand what
Mr. Mills is looking for, the ERTEN is
probably it. A small lathe with a normal
bed of about 1 metre length and a vertical
column which can elevate the headstock
spindle to about 0.3 metre to allow turning
of pieces up to 0.6 metre diameter.

It can also be used as either a vertical
miller or with an over-arm attachment as a
horizontal miller. There are a number of
extras available, rotary tables, swivel
bases, cross slide milling attachment, etc.
are of high quality (better than Taiwan). In
all it is very similar to the concepts of
universal machines covered in a recent
MEW article. At present | am installing an
independent PWM DC gear motor drive to
the carriage lead screw feed as there is no
gearbox and just two normal feed rates
plus a gear set for either inch or metric
screw cutting. | have fitted a Shooting Star
(Canada) DRO to the carriage (also three
axis version to my mill, excellent product).

Other Oddities - There was a short article
some time back about left hand lathes. |
had never seen a true left hand lathe before
(one with the headstock to the operators
right) but was aware that lathe carriage
aprons come left and right handed. When |
ordered a lathe twenty years ago for my
shop the vendor asked whether | wanted a
left or right carriage? The difference is that
the hand wheel will be left or right of the
clutch (swapped). Being left-handed a left
clutch is more to my liking.

There is an amazing amount of free
machining and machine shop
information at the discussion forum:
http://www.chaski.com/cgibin/machine_in
dex.cgi check it out!

Mr Kevin Pullen of Hobart,
Tasmania writes

| was most interested to read the letter
from Mr George A Mills (MEW Issue

No 77) on the subject of the Astoba
machine. My own experiences may be of
interest,

During 1949, the University of
Tasmania purchased an Astoba UW1
Universal Machine Tool for the sum of
£1000 Aus. As an apprentice | operated
the machine every day for three years,
1954 — 56.
| remember a wall chart of pictures
illustrating every configuration of the
machine; fifteen in all.

Three years ago, the machine became
surplus to the University’s requirements,
and | had the good fortune to be in a
position to purchase it. The machine is
No. 307 and is the short bed model. The
range of accessories acquired with it,
enable it to function as a Centre Lathe,
Facing Lathe, High Speed Sensitive Drill,
Low Speed Heavy Duty Drill, Horizontal
or Vertical Milling Machine, Slotting
Machine, Surface or Cylindrical Grinder,
Horizontal Borer.

Other Accessories available but not
purchased in 1949 were a Jig Saw,
Circular Saw (for woodwork), and a
substantial power hacksaw.

The three jaw chuck has a ground scrall,
and prior to the attentions of the “in house
butcher”, could be relied on to hold work
within 0.0002 runout. One very convenient
feature is that the nose design is repeated
on the spindle and dividing head. This
enables the chuck with turned component
to be transferred to the dividing head for
milling with guaranteed concentricity. The
speed range extends from 75 to 4000 rpm
and | believe there may have been an
optional attachment to reduce this to 25
rpm. Although the section size of the main
components appears on the light side
compared to other machines, the rigidity is
high. I believe this to be due to good
design and close fit.

Changing configuration is quick and
easy, with a typical time to change from
Lathe to Vertical Mill of around four
minutes, with half of that being required
for cleaning. Whilst an apprentice, | timed
myself from one most complex setup to
another; sewven minutes!

The machine is still in first class
condition. After | left the Universtity, the
research direction changed, and the
Astoba lay mostly unused for 47 years. |
am lead to believe that the UW1 is still
manufactured in Switzerland, by Meyer
Berger AG, and is marketed in the UK by
Brunner Machine Tools Ltd. (tel 020 8992
7559) Mine was made by A. Stoeckle
(Switzerland) The original cost of £1000
Aus may be seen in the context of wages
for a tradesman of around £15, and for an
apprentice of less than £4.

It seems that the machine was
available with centre heights of 4.33 or

Possibly another near equivalent to the
elevating head machines described is the
German Golmatic universal machine
shown here in Lathe and Vertical Mill
configuration. Other setups including
Horizantal Mill are possible. The Golmatic
is marketed in the UK by Pro Machine
Tools Ltd. (tel 07780 740 956)

8.25 inches, with bed lengths giving
16.5in or 24in. between centres.

When | first used the machine in the 50's,
it was a delight, and now nearly 50 years
later, | still enjoy the silky smooth
movements, the reliable precision, and
wonderful ease with which one is able to
manufacture small parts to high accuracy.
Recently | made a small instrument screw
1mm dia. x 0.25mm pitch. | have also built a
short stroke slotting attachment in
preparation for the manufacture of ten bevel
gears 0.350in. dia. x 48 dp. Such items are
quite straightforward on this machine.

| would be most interested to know
more about the origins of the machine.
When was it first manufactured? Was it
the brainchild of some brilliant designer
that went straight to production or was it
the result of a series of development
prototypes?

diameter of the Nut is machined to 22mm,
then all should be well.

Choosing a lathe

Mr George Winspur writes

Referring to “On the Editor's Bench” MEW
issue 82 sparked my interest and prompted
a question to our editor. When you moved
to a larger lathe, did you survey the range
of industrial machines available, and then
make an informed choice. One issue is the
three phase supply, and another is the
noise of geared head machines.

July 2002

Dave Fenner replies

As an apprentice, our training centre used a
number of Colchester Student machines.
These are a little large even for the end of
the garage, but spending time on such
equipment at an early age probably instils
some affection for the make in later life.
Some time after getting started with an
elderly ML7, | had acquired a Centec mill and
the need for a heavier Lathe. This coincided
with the availability of several backnumbers
of Model Engineer dating from the mid
1950's. One article focussed on various

toolroom lathes to which modelmakers
might aspire, and the Colchester Bantam
gained many plaudits. A little later | learned
of a company disposing of two, and bought
one. It was remotored and rewired single
phase. The Bantam served well for nearly 20
years, and was changed only because a
Chipmaster in fair order was offered at a
good price. By this time three phase power
was on hand. Gear noise on the Bantam was
not a problem, but variator noise on the
Chipmaster is becoming intrusive, and
having made the initial enquiries, it is highly
likely that an inverter drive will be added in
the foreseeable future.
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SAVE £££’S WITH A SUBSCRIPTION

20% Discount on Model Engineer and
Model Engineers’ Workshop

The best resource for
madellng n metal with
both magazmes offering
comprehensive knowledge
and advice on a range
of subjects. They are
a perfect compliment
to the serous
enthusiast with a
home engmeerng
workshop and an
nterest n the
engreer ng hobby.

Subscribe or renew today by completing your details on the form below
or phone the credit cand hotline now on 01353 654422 quoting A179
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save 20%"

Ther iy whsnirdie (o evadoreilig colimdeck
1 mear (17 lesuey] £3300° £26.40

Losk me further for the latest wesdiurning hints,
e, prolectz and rovieex

1 yesr [5lmes) 2320 £15.40
Call the credit card hotline now on

01353 654422




gandmtools

selection from current stock
Ask for your up to date stockfhsit
We will be closed 15, 3rd & 4th June 2002

emall sales@gandmiools co.uk web: wvw _gandmiools co.uk
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£ and m tools, the mill mill lane, ashington, west sussex, rh2@ Jbx
al terms :ubjcc: to carrages, wat and availability

phone 01903 892510 fax 01903 892221 =

amails: sales@gandmitoolscouk web: www gandmitools.couk




IX)RMIR HA&S. Drlll Sets
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maze |

ﬂn(r HHEE N
DFFER

A SET202 1o émma 0L lmm (5L D6lls, Tvistal Case)
ey, {5944 HALF FRICE Md435

A SET200 ¢ bo 10mm « 0.1mm (41 Dolls, =2l Ca=)
MRemaly, {167,253 HALF FRICELS).65

4 SET204 1be 13mm « 0.5mm (23 Dolls Tl Cam)
Icmaly, {109,453 HALF FRCELM. TS

# SETL1# 14 bo 180 x L&din (29 Dalls, sl Caen
IRcmaly, £137. 50 HALF FRI:GELR: S

* SETL1d Latx IxillzA-Z 24 Ixils, vl T
Foemaly, {4515 HATF FRICEL12260

A SETL2IUmba Dalls 1 be € () Dalls, Ividtal Tase)
IFcmaly, £140.33 HALF FRITELAD. 20

Pleore oot 250 PP ow pbme irdfod Corent seir

# SETSLS0Imba Dl €1 bo 30 (Radic Cass)
Moemaly, {50 HALY FRICE BE75

# SETIIN 03 ke 1.0mm 20 Dolls, Fastic Casa)
IRcmaly, £3.70 HALF FRICE K475

*SETS1] 1% to 1460 « 144in (13 Ddlls, Radic
3 ) PRemaly, £24.44 FALF FRICEAL2I5

A SETS1I 1o smm x 0.5mm. (19 Inlls, Hatic S
Ihcmaly, {250 HATY FRICE A1.5

T0S LATHE CHUCKS
'S (=)

[ HEW fOW PRICES |

3 ondd bw 54 F{eniring
Lothe Chucks

O Miee  Frice Now
oo E57TS
DU R R
74,75 E71.00
575 9100

3 bw Self-Cenlring
S0mm (3 in)

100mm (4 in)
125mm (% in)
1almm (& in]

4 bw SelF-Ceniring
S0mm 2 in)

100mm (4 in)
125mm (5 in) .75 €800
140mm (4 in) qeers  €120.00
Pori-#achined Bockploles (bored & Ihreoded)
Whyford (1% x12 i) 4 n.— 5.0 Sin- 2ETS
Boxfiord (18" % ) 5 in—£207.75 4 n- 3775
Unwochined Pockplole Coslings

Jin.=8575  din - .50
din - 150

£71.00
£75.50

515
55.00

Sin = §12.50
§in — 2E50

SHERLIHE MIHIATURE LATHES

AHD MILLUHG MACHIHES
Mmufmnled lohigh siondords in the U.SJL
Sherline Milfing Mo: hine
Threat Depth  Z4in.

TableSize  Fhx13ins

% Trawd tin

¥ Trawel Jin

2 Fosd d4in.

Elecironic Yariable Spesd

Conbrol 70 Fo 3000 pra
PRICEE49 S + 10 Car.
Sherline lothe

Centre Height 1%in

Dkt behween conbres

& in., varidle pesd

mlml asnill 1

PREE E49% + S0 i

Frice inludes 3 jaw lathe chuch od haildoch &ll
duch Huge range of occemonien Send For the Fres
hadine 46 poge brochue and our price list,
BOOk: To elop Hmtll'hn ng Ledlalin

& basic approach ko mal lll% at=on miniahre
machine bols. 395 pages. Prive E3200

fl‘.

SHODA QUALIY LIVE CEHTRES at Reduced Prices || SIEVERT LEG EQUIPMENT

Srter Set &r Bod | Engines r= ———r
Sive i : MTT —we G20now £1500 | | Comprises 3061 Regulsbor, 2mets Hoss, | y&%
= MT2 —wos £3500now £29.00 3:_“;’3‘ 3?:;;‘;“‘“;;’”::3:‘;‘ Vi
MT3 - was 04500 now £39.00 el i e s
We have rany more ks r Modd Ergireers - Send brour free IDEIHDth - Salebchon or mhund.

All prces ndude VAT and post [ apept whers sioted) = Major credit carde oocapied.

MILLHILL SUPPLIES, 66 THE STREE, CROWMARSH GIFFORD, WA LLINGFORD, OXOH OX10 AES
Tel 01391 433653 » Fox. 01421 225510 @ Emaik sales@millillupplies. <ok ® Website: vrurur.milldlsupplies.couk

EFrom the Publishars of RCMEE comes..

RotorSports

A new 100 page magazine for the model
helicopter enthusiast

A unique blend of model and full-size
helicopter material

The first ever six page buyers guide

An unrivalled source of new product
information, hints, tips and advice

Event reports. competitions, free
reader’s ads and more. ..

0N sale BE8th June from your loocal newsagsnt
or order your ocopy on 0132 818300
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Warco I-hbl:n,r

/. A DRILL FOR EVERY JOBI
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Warco 2B5

Wikireo 2B12
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2 Atedvih ks
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b Wmmdu
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Warco WMT 300/1 )
ONLY 4 & conkra hkaght
E799
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£1099
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Warco Mini Lathe
b oNrexe

Il,f'

Warco Formit
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4 bl ! Faciphik LT baveanouines . Theadalbing
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. Universal
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rco )

/" Waco 8'Bench Giinder

f Warco 6 Bench Grinder

Warco, FAisher Lane,
Chiddingfold, Surrey GUS

41D

Tel: 01428-682929

Pleose a<k for our reew

Fax: 01428
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Advemsements

Private and Tk

Box ratte £T1.00 (jlus WATT)

Send to MWl Ervpgimesss: W

2 vanclsd
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(24 hr update)

www.tradesalesdirect.co.uk

Don’t wait for the next issue! Check out the Internet Web Site above.

(Trade Prices)
It contains a stocklist

used lathes, millers, grinders, drills, saws, miscellaneous machinery, accessories, items of

interest, etc. A stocklist is also available ‘FREE’ by

post.

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

Tel 0115 9255944 Fax. 0115 9430858 or you can send an e-mail {david@tradesalesdirect.co.uk.
WORLDWIDE SHIFPING. TRADE SALES DIRECT IS A SUBSIDIARY OF QUILLSTAR LTD.

A sample of our current stock includes: m
LATHES <
Colchester Student, (RH) 6'/:"x 25, gap bed, equipped ... ............. £900 m
Colchester Student 1800,6':"x 25", equipped, 1985 in superb condition .£3,650
Colchester Bantam 2000,5'/z "x 20", very late, fcurrent model) superb .. .£2,950 I <
Colchester Bantam 1600,5"x 207, equipped, single axis digital readout . . . £925
Harrison 140,5'f2"x 24', gap bed, equipped inc. taper tuming .. .........£1,27] [ = )
Harrison L5A,5'/:"x 24", equipped inc. taper tuming, 1 phase . ........... £92 -
Harrison M250 5'/"x 30", equipped, superbcurrent model) machine . ... .£2,950 =iy =
Hobbymat MDBS5, mint, (AUSIFEN) ... ... v v enennes e assnesonnnsd da00
Myford S7B, + feed, cabinet, 1 phase, equipped, latdgreen) machine .. .£2,350 g m
Craftsman, (similar to Chester) 8x 22", 1phase ........... .. ......... e775
Boxford ‘A’4'/"x 227 feeds & gearbox, cabinet stand, 1 phase, equipped . .£725 m
MILLS o
VNI-F, (similar to Myford)30' 7" T, R8 quill head, power feedefc . ....... .£1,495 = (-]
Pinnacle PTVM-1S, 307x 8" T, dual dials, R8 quill head, coolantetc . . . ... .£1,350 =
Tom Senior M1, vert/hori, 25™x 8" T, power feed, 1 Ph, veryclean ... ..... £1,175 m
Bridgeport, 42"x 9" T, vari speed head, power feeds, digital readout . . ... .£1,450
Semco, (Bridgeport copy) 42"x 9" T, vari head, P. feeds, DRO, 1996 mint . .£2,750 T Q
Adcock & Shipley 1ES,verthor, 30" & T, powerfeedetc .............. £950
Elliott ‘00" omnimillvertthori, 28°x 7/2" T, power feed . ... .. £1,100 s
Wareo A3P, (small Bridgeport) 36"x 9° T, power feed, digital readc:ut ______ £1,050 m
VARIOUS -
Clarkson tool & cutter grinder c/w tooling . ... ... ...cvvvev v enenen ... SB75 =
Eagle hand opp surface grinder, T Ph ... v.vvvsvvinvverereserensos... $495 w
Startrite 18T-10 vert bandsaw,10 speed . S S PRS0 a o
Fobeo 7/8ths industrial pillar drill, excallent example .................... £700 Pr—
Qualters & Smith6" power hacksaw . ... .. ey . .fpas m
Optical dividing haad: stpethy - - c0 325 = frazadi=]
Meddings MB4 bench drill, 10 speed, asnew ... ..................... £325 m m
Morgan Rushworth 4ft x 14swg box & pan folder, asnew ............. .E1,495
TO CLEAR. All these machines are in working order they must be sold to make m -
room for new stock.
Myford 'S7: on cabinet: BEH: oh i e v e e e S e o505 ™R E
Smart & Brown basic lathe, (no feeds) 1 Ph,equipped .................£325 =
Superiorhand oppsudace grinder .. .......conniuniarnmnomrnmnsnnans Eavs el m
Elliott turret mill {similarto Bridgeport) .. ... ... ... i iinin i 4595 =
Harrisenhorzonal MLNGE: om0 0 €205 =
All prices + V.A.T. Part exchanges always welcome, other machines m
avaifable, can deliver nationwide ( High Wycombe) N

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

Th
Mil

Drills: metric, fractional.
Reaming: metric, fractional hand & machine.

Dies: split & solid dies, die nuts, metric, imperial, unified, BA.

Turning: tungsten carbide tipped tools.

Workshop Machinery: lathes, milling machines
Part Exchange on some frii
Full Machining Service Available:Turning, Milling,
Grinding, Wire & Spark Eroding, Tool & Mould Making.

EHGIHEEBS “TOOL ROOM

| and Model
Engmeers Confac! us for a Quotation
CUTTING TOOLS: HSS — COBALT — COATED
CHECK OUT OUR SPECIFICATIONS and PRICES
BEFORE ORDERING YOUR MACHINES

reading: taps, boxed sets, metric, imperial, unified, BA.

lling: end mills, slot drills, horizontal cutters, slitting saws

tools lcorne

262 PARK ROAD, CWMPARC, TREORCHY,
MID GLAMORGAN CF42 6LE
Tel/Fax 01443 777167 Mobile 07770 988840
Web Site: www.engineerstoolroom.co.uk
Email: regpugh@aol.com

64

PHASE CONVERTERS

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

240v single-phase supply.
For further details contact:
Motorun Phase Converters
23 Waldegrave Road, Teddington,
Middx. Tel: 020 8377 0242 Fax: 020 8943 3326
Ansaphone Service After Hours

¥»TAPS + DIES
- SAME DAY POST -

Please send S.A.E. forFREE Price Lists |
We are Totern brand = =
Every size stocked/manufactured/supplied )

20 years - Excellent quality- Lowest prices
BSW/BSF, UNC/UNF, Metric, BA, ME, Cycle, BSB,
Specials, Taps & Dies sold individually or boxed,
THE TAP & DIE CO,(Dept ME) 445 West Green Rd,
London M15 3PL, UK . Tel: 020 8888 1865, Fax: 020 8888 46
|Distributors Required)

DRHELS, REAMERS, ETC

We buy and sell probably the widest variety of used hand

EO0) l\ ll)l.l mz 'lL]'lII'I.L(\ of any \h( Ual in IhL l_ ]'llh:\.l Klnj_l.ll MY

26 I‘mr:_\jur i

Telephone (01

Tools & Mlachinery

The North East’s supplier
of new & used tooling and light
machinery for the model engineer

email: bedetools@yahoo.co.uk

RING FOR DETAILS
0191 428 6575

THE PEATOL LATHE

£160 including 2 or 4 jaw chuck. Milling attachment and other

accessories available. Centre height 21 distance between centres 8%,
Full details send 2 x an class stamps.

Peatel Machine Tools, M.EW, 12 Knightlow Road, Harborng

Birmingham B17 8PS Price inc. VAT

— R.A. ATKINS LTD—

MYFORD AGENTS
NEW & USED MACHINES
ENGINEERS’ TOOLS & EQUIPMENT
WE BUY WORKSHOPS
IMMEDIATE INSPECTION SETTLEMENT

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

TEL: 01483 811146
FAX: 01483 811243

Model Engineers’ Winsihomp



Operate three phase machinery from
your single phase supply system.

Transwave

comvinrins
www.powercapacitors.co.uk
Power Capacitors Limited
30 Redfern Road, Tyseley, Birmingham B11 2BH
Tel: 0121 708 2811/0121 708 4522 - Fax: 0121 765 4054
E-Mail: transwave @ powercapacitors.co.uk

TRUE PHASE
CONVERTERS

ESTABLISHED FOR 60 YEARS

= RUN THREE PHAS ACHINES FROM A
SINGLE PHASE SUPPLY

= REVOLUTIONARY DESIGN

= 0UT PERFORMS OTHER CONVERTORS

= MONEY BACK GUARANTEE

DANEBURY ELECTRIC LTD

PHomE, Fax or EMAIL For CoLoun BROCHURE
emaik iC.co.uK  WWW, ic.co.ul

T 01202 524888
Fax: 01202 530940

HI-TEC 3-PHASE CONVERTERS

Speed Controls, Forward & Reverse Switches, Static and
Botary Phase Converters 0.8kW to 45kW to run 3 phase
415 volt machinery from a Single Phase. We can also suppl
Transfermers and Components.
Website: www.phaseconverters.co.uk

BOOST ELECTRICAL ENGINEERING
Tel: 01959 534073 Fax: 01959 5327

TOOLS PURCHASED - Hand tools & machinery
whole or part collections - old and modern. WBI
call Tel: Alan Bryscn, Taunton (01823) 288135.

DIAMOND WHEELS

All Shapas for all machinas:
Quom, Kennat, Bench Grindars

Priccs from: £34.95 nc v
-

——T OOLCO—

The home of good quality used tools and machinery

www.toolco.co.uk

or send for full itemised stocklist.
Unit 4, Ebley Ind Park. Ebley, Stroud, Glos GLS 4SP
Important: Phone for opening times before travelling.
(Just 4 miles J13 M5 Motorway) Tel: 01452 77055
E.Mail: sales@toolco.co.uk Fax: (452 770771

THINKING OF SELLING YOUR LATHE,
MILL OR COMPLETE WORKSHOP

and want it handled in a quick, professional
no fuss manner? Contact David Anchell,
Quillstar (UK) Ltd (Nottingham).
Tel 0115 9255944 Fax 0115 9430858

MODEL ENGINEERING SUPPLIES (BEXHILL
Stockists of all your modelling requirements. Good used
machines, part exchanges, used tooling, new machine
tooling and ancillary equipment. Mail order catalogue £1
in¢. postage. All major credit cards accepted.
Phone/fax 01424 223702

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

TO ADVERTISE
CALL TONY

01322 660070
EXT. 2468

Annual Clock and Watch Show

* The Institute’s fascinating Clock and Watch
museum illustrating the history of
clock/watch making

Bring along your clocks and watches for
free appraisals by qualified experts

0 N * Numerous Trade Stands

Museum Shop and H.S. Walsh's Technical
Shop

Refreshments in the Bell Café

Plus much mare

For further details telephone 01636 813795,
website: www.bhi.co.uk

The British Horological Institute’s

Friday—Sunday 28th-30th June
10-5pm at Upton Hall

Entry £3 (Concessions £2,
BHI members and children £1)

Free car parking

BA FASTENERS IN BRASS
STEEL & STAINLESS

SPLIT PINS, TAPER PINS,
ROLL PINS, TAPS, DIES, DRILLS,
NUTS WASHERS,
RIVETS. MATERIALS
Send Stamped addressed envelope plus two first class
stamps for 28 Page List (Overseas £1.50)
“ITEMS” MAIL ORDER LTD,

46, ST, MARTINS ROAD, NORTH LEVERTON,
RETFORD NOTTINGHAMSHIRE DN22 OAU
E.MAIL : items@btintemet.com
Telephone 01427 884319 Fax 01427 884319

MODEL MAKING METALS
1ain. to 12in. dia. bright steel stainless steel, bronze, brass,
aluminium, silver steel, steel tubes, bolts, nuts & screws, tap die
+ diills, white metal casting alloys. Fine materials, chain, plastic,
Lathe milling machines and equipment, new and secondhand.
Mail order mationwide and worldwide callers Mon.-Fri. 8-5pm.
Access/Visa welcome
Send now for a free catalogue or phone:

Milton Keynes Metals, (formerly Flapstock Ltd.), Dept. ME,
Ridge Hill Farm, Little Horwood Road, Nash, Milton Keynes,
MKAT OEH Tel: (012096) 713631 Fax: (01296) 7141566

WE BUY, SELL & EXCHANGE

TOOLS, MACHINERY, MATERIALS, PART BUILT
LOCOS, MODELS ETC.

WORKSHOP TOOLS, MACHINES, MODELS
WANTED - WE COLLECT & PAY CASH

ML.E. SALE & EXCHANGE

Gompass House, High 5t., Rotherfield, Sussex.
Phone (011892-85) 2968
Long 5.A.E. for List

N'T DELAY CALL TODA

SOCKET SCREWS
Cap. Csk. Button. Set {Grub). Shoulder
METRIC. BA. BSF. BSW. UNF. UNC
Hexxagonal & Slotted Screws Nuts & Washers, ™
Dowel & Spring Pins. Dormer HSS Taps & Drills. Draper Tools.
NO MINIMUM ORDER PROMPT SERVICE
Send 4 x 1st class stamps for our latest catalogue (refundabile)

Special offer***** Workshop Discount Pack*****

36 packets of socket, hexagonal and s \ ﬁ .
slotted screws up to a max. size of \%a F f/‘
2BA - 1/4" - MB. Various threads / lengths. a ] 3
Gatalogue value of pack is over £35.00 i fl f i
Pack on offer to you for only £1650 + £2.15 pp B\ \\ Vs
Send for this offer and benefit fom avey S [ &
useful stock of screws in your workshop. “ y’
You will ot be disappointed. Refund guaranteed.

Emkay Screw Supplies (MEW) 74 Pepys Way

Strood Rochester Kent ME2 3LL

Tel: 01634 717256  www.emkaysupplies.co.uk

BLACK=1T?

Easy to use Chemical Blacking for Iron and Stee

Produces a professional satin black finish in less than 15 minutdk.

rd Kit{4 x 500ml) ideal for modelmake27.99

Gt (4 x 2 litres)£64.99 — Black=12 Kit for brass £15.99
All prices ime. VAT d next day delivery

Pixel-Plus, Bryncroes, Pwllheli, Gwynedd LIL53 NEI’

Mail Order Only|

TelFax. 01758 730356 Access, Visa & Switch acceped

For more details, visit our web site at www.black-it.co.gk

SERVICES

PRECISION MACHINING
FOR MODEL ENGINEERS
Trade enquiries welcome. Est. 36 years.
Write G. Plume
137a Erith Road, Bexleyheath,
Kent DA7 6BT
or Tel: 01322 554516 anytime

T

T=n" Complete Home workshops and Models

purchased. Distance no object Telephone Mike Bidwell

July 2002
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ROYAL CHESTER 3" scale Alchin Traction
Engine, now at advanced stage, engineering,
machining, gear cutting, fabrication completed,
awaits your boiler £2,000.

GREENLY & STEEL 1" scale Traction Engine,
show piece model, fine detail, fitted working
generator, lovely to look at, drawings included
£1,650.

MODEL DIESEL ENGINE 3.5" gauge, 12 volt
electrics, 2 speed, forward and reverse,
professionally built and painted, with carry/storage
box, new track and sleepers £475.

DORIS 3.5" gauge, 4-6-0, rolling chassis with smoke
box, fitted brass cylinders, tender parts and body,
many spare castings, related parts complete with
spare chassis, drawings £650 all inclusive.

CLAYTON UNDER TYPE STEAM WAGON rolling
chassis with leaf springs, steering connected, copper
boiler completed, fitted final chain drive diff, all gun
metal castings, boiler fittings, materials, drawings
£650.

Tel: 01483 Zi4464. alivany occamblecaarangged -
free within tiine UWH.

WARCO WTM 500 lathe/milling machine, QC
toolpost, 2 chucks, cabinet stand, clamping kit, 1
year old. £899 ono. Tel: 01379 641436 (Diss).

MODEL ENGINEER 82 copies 1977, 1984 to date,
not consecutive £15 plus carriage. Model Engineers
Workshop. Issues 41-51 inc. and 57-80 inc. £10
plus carriage. Tel: 01322 330556 (NW Kent).

BOXFORD LATHE, Meodel C, 5" swing 34" bed,
power feed, single phase, screw cutting, 3 & 4 jaw
chucks extras £750 ono. Tel: 07855 103733.

"NEW 7" x 40" LATHE 3 phase no 3 jaw list
£6000. Any offers phone Alf on 01923 776136,
Similar to Student. (Rickmansworth).

THREE & HALF INCH “GREEN KING” FRAMES
bogie wheels done “Western” boiler drawings
articles £620. O.V.N.O. Tel: 01422 256969
(Halifax).

SAND BLAST ATTACHMENT (needs good
compressor) cost £250 accept £70 plus carriage.
All pipes G.W.O. Tel: 01422 256969 (Halifax).

WANTED for 31/,"G Duchess drawings B7 H.
Clarkson of York. Purchased. Borrowed etc. Any
help greatly appreciated. Tel: 01626 353533
(Devon).

DUCHESS, BRITANNIA, CASTLE or similar
wanted 31/5" - 5'"G must be well built, detailed,
consider unfinished project. Tel: 01626 353533
{Dewvon).

GUNMETAL, BRONZE AND BRASS" in 12"
lengths by mail order. For price list 5.A.E. to
PEMMSA, Unit 6, Riverbank Enterprise Centre,
Dewsbury, West Yorks, WF13 3RQ.

PRATT & BURNED 4 jaw independent chuck 4°
bin. For ML7. Unused. £50. Tel: 01276 471659
(Lightwater, Surrey).

ELLIOT 10" stroke shaping machine. Good
condition £100.00 ono. Tel: 020 8904 1344

{Wembley).

5"G TERRIER EVANS Boxhill design wel detailed
BR lined black reliable steamer, engineer built.
£3250.00. Tel: 01189 326286 (Hants).

“SPENCER” part built, all castings and parts
including boiler ICIT to complete, no drawings.
Offers 01566 774884 (Launceston).

COLCHESTER CHIPMASTER 5" x20" good
condition 3 jaw chuck face place quick change tool
post £850 o.n.o. tel: 01243 375148 (Emsworth).

WANTED Tether car parts, wheels, tyres, engines,
coils, plugs, anything considered. Please
telephone: 01481 7261868,
engineer@internet.guernsey.gg.

INTERESTING OBJECTS from workshop clearout.
Antique dynamo, boiler, motors, etc. Stamped
envelope for list. Wallace, Nappleton, Kempsey,
Worcestershire. tel: 01905 820341.

MAGNETIC CHUCK Fimax 12" x 8". Full width
poles. Very good condition. £250. Tel: 01425
470014 (Ringwood).

31/,” ROB ROY 0-6-0 TANK LOCO professional
boiler with current certificate finished but unpainted
£800. Tel: 01245 401326 (Essex).

I D STEAM SERVICES. Locos to 71/4” gauge
traction engines to 4" to order. Tel: 01553 768578 /
07799 804671 (Morfolk).

MYFORD VERTICAL swivelling slide £85 rear tool
post £20. Union bench drill £185. tel: 01932
229725 (Surrey).

CHESTER LATHE / MILL / DRILL. New motor,
stand and chuck. Usual additional tooling. £550
o.n.o. Tel: 01268 775 184 (Essex).

5" G.W.R. 7200 class 2-8-2 tank loco 2 years old,
excellent quality and condition boiler certificate
£6500. Tel: 01189 341038 / 07887 955679
(Berks).

WAMNTED Tether car parts, wheels, tyres, engines,
spark ignition parts coils, condensers, anything
considered. Tel: 01481 726168 after 6pm.

TOM SENIOR M1 Milling machine, horiz only, 257 x
6" table, power feed, s/p. 3MT spindle, IMP
graduations, private sale. £625. Tel: 01945
780767 (West Norfolk).

EMCOMATT LATHE with vertical milling
attachment on stand 3 & 4 jaw chucks collets
steadies fully tooled, excellent condition £1000.
Tel: 01922 413162 (West Midlands).

5 INCH CENTRE DIVIDING HEAD. With one 15-
47 index plate. No tailstock. £65. Tel: 01245
224698 (Essex).

600 TAPS dies B.A. metric whit. B.S.F. 40, 32, 26
BSP. Good condition in cabinet £250. Tel: 01253
354478 (Blackpaol).

PART BUILT 5" A3 OR A4 wanted by private
collector, model engineer. Tel: 07979 248776

(Worcs).

5"G & 71/,"G TRACK ALLOY RAIL close to scale
sleepering large quantity 5°g 350ft in 71/4"g one
point mainly good condition. Tel: 01749 840210
(Radstock).

EMCO VERTICAL MILLING drilling attachment
with motor, coordinate table, keyless drill chuck,
collet chuck. £600.00. tel: 01282 616052
(Lancashire).

THETFORD TOWN SHOWMANS ENGINE
DRAWINGS unused £45. Lickham Hall 31,"G
drawings unused £25. Tel: 01254 725505 (Lancs).

OXY ACETYLENE GEAR, gauges, hoses, torch,
key. £50. Please telephone: 02380 262941
(Hampshire).
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HOME AND WORKSHOP MACHINERY

QUALITY USED MACHINE TOOLS

144 Maidstone Road, Foots Cray, Sidcup, Eent, DA 14 5HS.
Tekphone (20- 5300 %070 - Evenings 01957 532199 — Farsimile 020- 8309 4311.
Croening Tames: Meonday-Friday Jam-5.30mm — S rday Momng Sam-Irm
I8 minutes from M25 — Jun cfion 3 and South Circulor — 4205
www.homeandworkshop.co.uk
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