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| There appears to be a growing interest in the modefiing of machine
tools. A visitor to the Harrogate exhibition, Don Hoey, brought his
newly completed 1/6th scale model of a Myford lathe to show us. We
look forward to seeing it on display to 8 wider audience. More items
seen at Harrogate can be found on page 48.
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There has already been a great deal of intérest expressed in our new beginners” series on
lathework. The introductory article starts on page 37.
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Re-launch of the Model Engineer
Exhibition

For the past five years, the Model!
Engineer Exhibition has been staged as
part of the larger International Model
Shiow, first at Qlympia and, last
December at Alexandra Palace. On that
pecasion, due to the Millennium
celebrations, it became necassary to
move the event from its traditional date
of the New Year holiday to early in the
month. This timing did not prove to be
virry popular with either visitors or
exhibitors as it was in the run-up ta
Christmas, when attention was inevitably
concentrated elsewhere. Accordingly, a
new dale was sought, but it has proved
difficult to find a venue of suitable size in
the Landaon area, the traditional home of
this avent, with a vacancy convenient o
all partias, A tentative booking was made
for early November, but following
consultation with many of the interested
organisations, it has been decided that a
change of format would be beneficial.

For some time, the model engingaring
world has expressed the view that the
IMS arrangement was not best suited to
its interasts and neads, being somewhat
overshadowed by the activities
associated with the branches of the
madelling hobby promoted by the other
magazines in the Naxus portfolio. The
counter argument was that these
attracted a younaer audience who would
then become aware of the more
traditional aspects of the madal
engineering hobby and hopefully, in
time, become involved,

The outcome of the debate is that it
has been decided to drop the IMS
concept and revert to the Model
Engineer Exhibition format, this to take
place over the New Year holiday at the
Sandown Park Exhibition Centre which is
located at Esher, to the south-west of
London, just inside the M25. The avent
will take place from 29th December 2000
to 15t January 2001 inclusive

The scope of the exhibition will be
that covared by the three Nexus
magazines, ‘Model Engineer’, ‘"Model
Engineers” Workshop® and "'Model Boats'.
The venue |s capable of accommodating
(probably outdoor) displays of live
steam, 50 it is hoped 1o reintroduce the
railway tracks, but finding room for the
boat pool may not ba possibla thig tima.

The remaining aspects of the IMS will
be disparsed to other events, mainly the
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Sandown Model Symposium which is
held in May and concentrates on modal
aircraft, cars and boating interests and to
Euro Militaire, the autumn event staged
at Folkestone, Kent.

The focus of the new avent will, of
course, once more be the long-
established and prestigious competition,
where the cream of the world’s
modellers display their work in the hope
of gaining a medal, a certificate or one of
the major trophies on offer, Steps have
already been taken 10 overcome some of
the difficulties which led to enticism owver
the trophy arrangements last time. The
Loan sections will again feature
prominently, both for individual exhibits
and in the form of Club and Sociéty
displays. We warmly invite participation
in any of the three aspects and have
already received an enthusiastic reaction
from some of the influential
organisations who have remained
steadfast supporters, but who welcome
the return to the more familiar
arrangemeant. The Competitors
Handbook and entry forms for both tha
Competition and Loan sections will soon
ba available from our head office at
awanlay,

Our regular trade exhibitors have
been consulted during the docision
making process and their concerns taken
into account, mainly over costs and the
selling environment. Accordingly. theare
will be no ‘shell scheme’ style stands
and costs will be based on the provision
of table-top stands, though of course
many of the exhibitors provide their own
sentings. It is hoped that the naw location
and arrangaments will allow exhibitors
to optimise accommodation and staff
costs, thus encouraging thaeir
participation.

Giving value for money 1o visitors has
also been uppermaost in the minds of
those planning the new exhibition, so
entrance fees have been set at £6 for
adults, £5 for concassions and £2 for
children (Advance ticket prices £5 for
adults, £4 for concessions, £1 for
children), On-site parking is free, with
space for 3000 cars and there are also
on-site caravan parking facilities, The
venue can be reached by rail via Eshaer
station and road access is good, the
A3ZM25 Junction 10 being just a faw
miles away.

The new arrangement once again
gives the model engineering fraternity
the opportunity to participate in ‘their’
axhibition, somathing which many have
felt was missing over recent years. We
arg seaking to re-introduce some of the
features for which space could not ba
found in the IMS ara and would welcoma
views on those which readers would
most like to see brought back or new
attractions which would be welcomed. It
is unlikely that we would be able 10 make
arrangements for all of them to happen
this year, but it would be helpful 10 know
how paoaple would like to see tha
exhibition develop in future, The Model
Engineer Exhibition always was very

much an exhibition put on by modellers
for modellers, and this is how we would
like 1o see it again

Health & Safety Executive
Information Sheet - Safe
operation of miniature railways,
traction engines and road
vehicles (Entertainment Sheet
No. 12)

The group preparnng this document
having finished its deliberations and all
the hurdles of the HSE departmants
having been cleared, it is now available
for publication. In arder for it to receive
the widest possible circulation, the
various representatives of the model
engineering press agreed to try to find
space to carry the completa document o
augment the copies which the HSE will
be distributing to any party oxpressing
an interest.

Accordingly, the four pages at the
centra of this (ssue carry 8 facsimile of
the complete document, If you wish 1o
remova it for referance, the suggestion is
to slit along the centre fold with a very
sharp blade over just the space coverad
by the two staples. It will then be
possible to pull the folded sheet clear
without affecting the rast of the pages.

It is also permissible 1o copy the
document as many times as you wish,
the only stipulation beimg that this must
nat ba for advartising, encorgamant or
commercial purposes, Please
acknowledge the source as HSE.

Wa feal that the publication of this
document, which has been produced by
representatives of the model engineering
movamaent under the guidance of Dr
Terry Williams of HSE, ramoves the
majority of the ambiguities and
uncertainties which arose a couple of
yvears back. The recommendations are in
no way onerous and will be already in
place in any well-ordered model
engineering organisation which has
contact with the general public. It will be
a valuable aid for any club or sociaty
which neads to have dealings with local
authority environmental heaith officers
who are unlikely to have a depth of
knowledge of our activities such that
they are able to be sure of what is good
practice. Damonstration of compliance
with the recommandations made in this
Information Sheeat should remove any
doubts.

Woking Precision Models

The photograph of the 'Potts’
Universal Milling Attachment carried on
the cover of our last issue has generated
much interest. Although it has been
available for many years, it is obvious
that quite a few of our readers have not
encounterad it before. Although we
stated that castings are still available
from Woking Precision Models, we
omitted to give a contact address.
Apologies! They may be found at 10
New Street, Oundle, Peterborough PES
4EA Tel. 01832 272868 Fax. 01832
272760. | believe that these premisas are
shared with anothar business, so if
telephoning, | suggest that you ask for
Mr Dennis Harris and make it clear that it
1% Woking Precision products in which
you are interested,




CREATING HOLES

The creation of a cylindrical
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Ilntmduction

Holes are an essential feature of
mechanical engineering; in fact most pans
can be considered as o pattern of holes
inined together by solicd material,

Holes can be made in many ways such
as casting, forging, punching, sawing, oxy
cutting, plasma cutting, electron beam &
Iager cutting, drlling, boring, broaching,
ultrasonic abrasive cutting, electroforming/
spark eroding/wire cutting and others.
Although some of these processes can
produce holes of various shapes, most
holes are cylindrical, This article addresses
these latter, and in particular the
conventional processes of drilling, boring
and reaming.

Character

Holes are defined by three
characteristics - position, direction and
dimension. Each of these is discussed
below.

Position

There are two aspects to position:-

(i) the identification of the location where
the hole centre is required, and

{1} the making of the hole at this location.

Hole Centre

Simple Location

Hole centre location is most simply
definad by crossed lines drawn on the
workpiece using scriber, dividers, scaled
fule and square to effect tha marking. The
lines can be made more easily seen by
pre-coating the workpiece with some
contrasting material such as ‘markout
blug’ dye solution, copper sulphata
solution (on iron or stesl) or whiting in
water or spirit suspension. With a sharp
scriber, the lines are about 0.1 mm wide.

Very few texts give any indication of
whit accuracy can be expected with such
marking out, but about 0.5mm or "/G4din.
seems generally agreed for careful work.
For marking from an adge, odd leg
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dividers (janny calipers) are convanient
For long radius requirements, trammels
are usad instead of dividers

Improved Accuracy

The use of a surface plate and scribing
block allows somewhat better accuracy n
marking, 1o say 0.28mm. Howaver, using a
vernier height gauge instead of a scribing
block and rul@ can improve accuracy 1o
about 0.026mm with care. Also, radius
requireaments can ba met using gauge
blocks in a frame with centre points at
each end, 1o at least this same accuracy
see Drawing 1. The actual marking is
probabily at best 0.05mm wide with the
height gauge blade

Jig Borer approach

This concept can be used also for less
saphisticated machinas than jig borars,
and both the lathe and the vertical mill {or
drillimilly are suitable, provided due care is
taken to eliminate backlash by opaerating
the table driive screws in one direction
only. The workpiece is moved by the
appropriate screw by an amount read
from its index dial {in two directions at
right angles), at which stage the spindle
axis is at the desired location

With a jig borer these measurements
are determined erther by

(i) @ metal scale viewed through a high
powerad optlical eyepiece

(ii) an end standard, where bars, slip
gauges or samiiar standards are inserned
between the table and an adjustable stop

attached 1o the machine carriage

(1I§) an optical scale

liv) chffraction grabings with photocell

SENSArs
{v] digital read-out unsts

These days this latter (v)] is available at
moderate price for ﬁl’hng o home
workshop machines, This same approach
& useed on Computer Numernically
Controlled (CNC) machines, whaere the
required X B Y dimensions to the hole

hole is probably one of the
most common worksho
operations. Philip Amos
discusses merhocfs of location,
production and finishing.

centre from a datum are Buttensd in to tha
control unit as part of the program

Hole Marking

Punching

Because a normal dnll does not come
10 a point, but terminates in & small chisal
end, there is 2 tendency for it 10 "walk
sideways when it first engages the
workpiaca. Thus i1 is customary to cantre
punch the required location in order 10
induce tha drill to stay where it is directed,
Such centre punches usually hava 90 deg
included angla points. Howaver, tha initial
idemtification of the centro may be¢ dong

\/

with a prick punch with a 60 deq. included
angle point, &5 this is somewhat easier 1o
sight imto position at the cross lines. When
1 s confirmad 1o be in the correct
position, the indentation ¢can be enlarged
with a 90 deg. punch

U.L::nq the marked centre point and
clivi r_!aré_ a circle can be drawn of diameter
equal to that of the required hole, and this
circumference can be prick punched at
intervals, 50 that the final hole can be
gemonstrated to be in the correct position
{when half of each indentation will have
boen machined away - called “halving the
dots” in the trade)

Automatic centre punches - usually G0
deg. - are made to deliver a blow by
compressing and releasing a spnng in the
handie. The pressure on this gpring s
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| Drawing 2 B§1 _Drill in Centre
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adjustable o that differing blows 2an be
delivered at will. The automalic centre
punch is more convenient to use, and so
easier 1o correctly locate than the hammer
and punch set-up. Typically it will produce
a8 maximum indentation in steel of about
0.5mm in diameter. The end of a BS1
centre drll [Yfsain, diamatar) will just anter
a 60 deg. centre punch indentation of
0.6mm diameter, as shown in Drawing 2.

Instead of the circle and dots approach
cited above, toolmakers often mark
squares (without dots) around the
required holes, which then just touch at
the mid poinis of the sides, so that
positioning can be demonstrated to be
correct, without sny damage 1o the
workpiece.

Correcting

If, at the start of drilling, it is seen that
the drill is not cutting in the correct centre
Iocation - as depicted in Drawing 3, then it
can be brought back towards location by
chiselling a groove down the cone of the
depression on the side towards which tha
drill is desired to move. This practice is
usually related to larger size holes, with
the workpiace held in a vice, but free to
maove to some degree on the drilling
machine table. The correction must be
effected before the drill point is cutting at
its full diameter and may need o be
repoeated soveral times to fully correct the
Error.

Jig drilling

In commercial production, hole
locations are frequently deflined by dnll
guide bushes located in & jig into which
the workpiece is clamped - see Drawing 4
I drilling only is required, a simple
headless bush, pressed in to the [ig May
suffice, but if drill & ream or drill & tap
operations are involved, a pair of slip
bushes can be used within a liner bush
pragsed into the jig body, one for each
process,

Drilling in the lathe

When drilling from the lathe tailstock,

the drill may wander slightly from the axis.

To obviate this, a solid support bar may be
hald firmly prassed agamst the side of the
drill near its point, parhaps clamped in tha
saddle woolpost (Photo. 1). This bar
prevents lateral movement of the drill
point, causing it to act like a single point
tool, carving out 8 depression which is
axial, even if its diameter may be
somewhaot larger than the drill diameter,
Once tha drill is astablished as cutting
axially, the warkpiece will tend to maintain
it in alignment, making it possible for tha
support bar to be removed.

Special Positioning
Techniques

Owar the years, & lot of clever chaps
have devised a variety of means of
improving accuracy and convenience in

getting hole centres correctly positioned.
Soma of theee are describad balow:

Centring in a 4-jaw chuck

The starting paint of this technique is 1o
line up the punch mark near the tailstock

August/Saptermber 2000
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Drawing 3 Correcting Off Centre Hole
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1. Providing side support for the drill by m

centre poinl, In this way the work can be
cantred to within about Tmm.

Better results can be achieved by
making use of a ‘needle wobbler, as
depicted in Drawing 5. This davice has
been described and illustrated by a
number of nolable authors - see
References 7, 2. 3. 4 and 5. To operate i,
the short end of the needie is engaged in
the punch mark and the lathe spindle is
turned around by hand. The other end of
the neacle will then move in a circular
path around the point of the tailstock
centra. By appropriately adjusting the
chuck jaws, thig circular path can be
reduced in dlamater, hopafully to zero, at
which stage the punch mark is located on
the axis of the lathe spindle, | made one of
these devices some years back, adepting

eans of a bar held in the lathe

the lan Bradley concept described in
Reforence 1 (see Photo. 2). It does work,
but kn my wiew not all that well.
Consequently, | much prefer the spring-
loaded plunger rad type of wobbler shown
in Drawving 6. This has also been
described by several authors (8.9
References 6 and 7). Mine follows the
George Thomas design (Reference 6)
where the wobbler is supponed at ane
and by the punch mark and at the other by
the taiistock centre. A dial indicator is set
to bear against the side of the wobbler,
near the workplece end - see Photo. 3.
As the spindie is rotated by hand, 1he dial
indicator shows the direction of the
required adjustments - effected twice in
sequence at right angles. With this device
it is not difficult to cantra the punch mark

13
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Drawing 5 Needle Wobbler
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Drawing 6 Plunger Wobbler

o within 0.01mm of the lathe axis -
probably even closer with care and
patience. Whether the drill will stay this
close to the axis is 8 manar of conjacture.

Location of holes from each other
or from workpiece edges

Toolmaker's buttons may be set in
position using gauge blocks for inside or
edge distance measurements (Photo. 4),
and micrometers for outside
measurements (Photo. 5), If you don't
have gauge blocks, a disc turned to the
appropriate diameter in each case will
serve nearly as well. Anather possibility is
the use of mside calipars and a
micromatar, but this is more fiddly. A
vernier height gauge could also be used.

The buttons are shown in Photo. 6,
mine being fram Starrett, but they can be
easily made in the home workshop from
ground stock steel a.q. silver stesl. The only
essential is that their faces are machined
exactly perpandicular to their axes.
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After the buttons are set in their
required positions, the workpiece is
adjusted in the 4-jaw chuck o that each
button in turn is saccurately centred, using
a dial indicator - see Photo. 7 - after
which the hole is drilled, bored and
reamed before repeating the procedure
with the next button, A good step-by-step
illustrated description of thedr use is given
by lan Bradley in Reference 7

Centring an existing hole

If an existing hale in a warkpiece is to
be centred, as for example if it is to be
enlarged, a lever type indicator (Photo. 8)
can be used o monitor appropriale
adjustmants of tha 4-jaw chuck.

Faceplate mounted work

The procedures used to centre work
held in the 4-jaw chuck can also be
employed with a workpiece mounted on a
faceplate, but it can be a somewhat
awkward job, This process is much

2. The ‘needle wobbler’ in action, With
the fulcrum held in the toolpost, the
pointed end of the shorter section is
engaged with the centre dot in the
workpiece, The amount and direction of
off-centre can be deduced from the
movement of the other end.

simplified if a dummy mandrel, such as
dascribad in Reaferenca 8 is svallable.

Drilling Machine or Vertical Mill

A lever type dial gauge can be used 1o
centre toolmaker’s buttons or holes with a
workpiece clamped on a drill or mill table,
in @ similar way to that described for the
lathe. You may, howavar, geat a crick in the
nack, as the dial indicator rotates with the
spindie, so making it difficult 2o read over
the complete rotation.

This problam may ba ovaercoma by the
use of a co-axial dial gauge arrangement of
the type shown in Drawing 7 and described
in complere detail for manufacture by Guy
Lautard in Reference 9.

Shaft 'A |s held In the chuck and stylus
‘B" engages with the woolmaker’s burnon {(or
hola wall), Prassure on stylus ‘B’ imoves
rocker ‘M, pushing the whole dovice
upwards against spring 'C’, This causes
flange "D’ to depress plunger ‘G’ of indicator
I'. Body 'H' is held against rotation in a
horizantal direction by rod 'E” angaging the
drill/mill vertical column. The remainder of
the device can rotate within body "H', Thus,
when the drill/mill spindle and chuck rotats,
the stylus ‘B’ consequently traces out the
position of the toolmaker’s button, with the
indicator dial continuing to face the front
where it can be easily read.

Wigglers

If a rod is loosely clamped in a ball joint
in & drill spandle rotating at speed, it can
be nudged towards the axes with any
convenient stick - e.g. a pencil - and can in
fact be made to spin exactly on the axis of
the spindle. If such a rod is sharply
poimted, it can then be used to accurately
locate over the cross lines of a centre,
especially with the aid of a magnifying
glass (see Photo. 9), This is & more
sophisticated version of the famous “sticky

Model Enginasrs’ Workshop



3. The ‘plunger wobblar' in action. The dia
precise indication of the correction required.

pin' which is secured to the tip of the dnill
with Plasticina or similar matenal,

If the lower end of the rod terminates in
a ball of known diameter, it can ba moved
until it just removes @ smear of bearing
blua {or of hpstick if that 18 more easily
obtainablel from tha side or top of the
workpiece, thus defining the edge (or top)
of the part (having due regard to the ball
diamatar dimensian).

Such b device is called a ‘'wiggler It iz
available commercially, my set seen in
Photo. 10 coming from General
Hardware, New Yark. It includes pointar,
Ball, small cylinder for small holes, and &
bent arm for holding a lever type dial
indicator, George Thomas, in Reference 6,
pives information for their manufacture

Edge Finders

Although 'wigglers' are efficient edge
finders, thera is anothar form of device
which ig easier to use and saams to ba
more accurate. It comprises a ground steel
rod of some spacific diametar, ofien
12.70mm, with its bottom 12.7mm of axial
length separate, but attached to the
remainder by an axial spring. This device
i5 placed in the drillymill chuck and, with
the and pieca slightly displaced sidaways,
it is rotated at moderate speed. The
workpiece is advanced by the table scrow
until it just encountars the end piece, As
the advance s then continued, the
sideways displacement of the end piece is
gradually reduced until, just at the point at
which it becomes co-axial with the main
rod, the and pece jumps sideways about 1
ta 2mm, This the defines the edge position
accurately, allowing of course for the half
diameter of the rod - see Photo. 11.

This device is availlable commercially al
moderate cost - again mine is from
General Hardware - but it is probably not
easily made in the home workshop, The
makars claim that an accuracy of 0.005mm
can ba expected, although my own
experience is that consecutive trials on the
drillmill reproduce to about 0.025mm, but
that may be duns 1o slackness in the table
screw fits. The scales for these screws are
calibrated to 0.05mm

Hole axis direction
Prerequisites

Having |dantified and marked the
position for the specified hole, the next
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I _yauga provides a more 4. Setting edge to centre distance with a slip and a toolm

button

requirement s 1O ensure it goes in the
appropriate direction usually
perpendicular to tha surface. If for any
raason a ditferant angle s required, a
preliminary gperation is needed to
machine a small area, at right angles 1o
tha required angle, 1o allow the drill 10
wark as intended

Lathe drilling

If the hole ig being drilled from the
tailstock of a lathe, the drill can again be
supported by a red from the side as
discussed earlier. In addition 1o assisting in
centring the drill it will help the crill
maintain its axial direction.

Drill/Mill

In 2 similar manner, when using a piflar
drill or mill, a drill jig with a hardened
nfr_-,gn-!mmq busgh will perform a similar
function in keeping the drill perpendicular
as well as corractly centred.

Whether to spin the drill
or the workpiece?

Most authors advise spinning the wark
where this is possible. Although these two
altermatives seam at first sight to be
identical operations, there are conceptusl
differences. as shown in Drawing 8. With
the drill spinning there would seem to be
less corrective lorce 1o retum it to the
‘straight and narrow’ than when the
workpiece is spun. The actual shape of the

5. Setting centre to centre distance with
a pair of toolmaker’s buttons.

or’s

hole being created in the latter case is a
matter of somae conjecture.

Drilling across cylinders

These are best treated as for angled
holes - make a small flat on the side of the
cylinder with a slat drill then start with o
cantre drill, which will have less tendency
to wander on the fiat than on the curved
surface.

Achieving the required
dimension

Progressive Drilling

For accurate work start with a spotting
drill or a centre drill (| use a BS1 with &
'18in. dia.), then a successi?n of drills of
increasing diameter (| use '/8in. dia. then
increasing in 1/8in. steps), finishing to
diameter with a single point boring tool
andfor by reaming.

Larger holes

Drillimills usually have draw bars to
secure their chucks, but drilling machines
and lathe tailstocks do not/ cannot provide
these.

When drilling deep holes (say more
than four diametars) it is usual 1o
withdraw the drill from time to time 1o
clear the chips. Now it may happen that
due to jamming by the chips being created
or other cause the drill "hangs in” and the
chuck shank separates from the quill or
tailstock barrel, so that relative rotation of

it
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6. A set of toolmaker's buttons.
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7. Centring by means of a toolmaker’s button.

=S -
9. Centring a wiggler point over scribed
cross lines.

shank and sockel occurs with possible
damage to one or both,

Furthermore, if the drill bites in, as
sometimes happens with brass, it may
move forward of its own volition, faster
than the feed rate, and produce the
same separation problem, These
incidents seem more preavalent with
larger diametar drlls (e.9. reduced shank
drills from 12.7 10 26 or 30mm dia.).
There can be advantages in drilling from
the saddle of a lathe rather than from
the tailstock when using these largar
drills. A split sleeve can be made (see
Drawing 9] 10 fit the toolpost in & precise
position, with the cross-slide marked
with an index for easy positioning - sea
Drawing 10. If the sieeve caters for
12.7mm diameter shanks, then the one
slaove can be used Tor all the reduced
shank drills. The position of the toolpost
and cross slide can be readlily checked
with the 12.7mm drill being transferred
from the tailstock chuck to the sleeve,
and then being run into tha just-drilled
12.7mm hole. This arrangoment can aliso
be used for precise power feed if
desired.

Smaller holes

For holes of diamaoter fess than say
10mm, boring is not easy as the tools are
necessarily slender, and thus gpringy and
weak. As the correction process of the
single point Boring ool oparation is than
not available, more care must be taken in
tha initial drilling, Thus the inttial centrs drill
should be side supported. The next drill
should be a stub drill because of its botter
stiffness, and also side supported, and
finally a jobber drill of the same size used
far finishing to’ length. These holes may
biest be brought 1o size with D-bits, ar with
toolmaker's reamers for through holes.

8. Centring a previously drilied hole using a lever type dial gauge.

With very small holes - say Tmm and
below - the use of a gewalleds five sided
broach may be the best approach to
finishing to size

Finish & Dimensions

For the highest classes of workmanship,

the boring and reaming processes may
not produce the required standards, so to
improve results various other processes
have to b called into play:

(i) Internal grinding may be possible
with a high speed die grinder, or
improvised in a machine like the Quorn
- raference MEW 47, This process is
commaon in tool rooms for precision
drill jigs and for press tools

fii) Honing, in which abrasive blocks
are hald in a rotating frame and 3pring

D. FLANGE -_

loaded against the bore of the hole, is
a process frequently used in finishing
the bores of internal combustion
engines

{iiiy Superfinishing is a similar process
1o honing, but the frame reciprocales
up and down the bore ax wall as
rotating, This leads to there being a
non-directional pattern in the finish,
and is prnh.—th]v the best class of
surface finish obtainable with a
machining process

[iv) Lapping, in which abrasive powder,
usually in glurry form, is moved against
the bore by a rotating and
reciprocating lap. This device is
adjustable in diameter over a small
range close to that of the bore, and is
made of a softer material than the
warkpiece. The non-rotating item - lap
of workpiece - is usually hand held and

~_A.SHAFT
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10. The components of a wiggler set.

| ©

A. SPIN DRILL

A. SPIN WORK

Drawing 8
Spinning the Work

moved axially along the rotating
member. This process is the ona most
usad in the home workshop to achieve
superiar finish and dimensions.

Coated drills

As the chisel point of 2 normally
sharpened drill really doesn’t cut, but
wanrs its way through the material, it is
helpful if the drill material is as hard as
gan be obtained. The first material
coming to mind is solid tungsten
carbide, which is expensive. However,
in ralatively recent times coated drills
{having a bright golden appearance
from the applied Titanium Nitride
surface layer) have come on the market
at aboul three times the price of
normal high speed steel ones,

AugusySeptember 2000

11. The edge finder in action.

It may not be economically feasible 10
completely re-equip with coated drlls,
but purchasing just one to make the
initial hole In progressive drilling can
make sense. Each succeading drill poimt
goes down the hole of its predecessor
and so only its cutting edges are used -
no wearing through with the chisel point

The TiN coated driills stay sharp a long
time but can only be sharpened with
green silicon carbide or diamand
impragnated wheels, Even then, one is
likely to grind away the coating, so
prebably the best notion is a new
purchase. At about $A3 (about £2.35 in a
current UK catalogue) for a Yein. dia. TiN
coated HSS drill, this is not too significant
an increase over the standard variety.
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Drawing 9 Split Sleeve
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Drawing 10 Drilling from Saddle
Conclusion

Because of the importance of holes in
the home workshop scheme of things, it
seems worthwhile using all the devices
and procedures available 10 ensure that
the results meet the accuracy and quality
standards desired - in position,
direction. dimension and finish. '5'
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Like many model engineers,
Peter Rawlinson cannot bear to
see anything which may have
a possible use thrown away, so
another discarded household
item has found its way info the

workshop

R acently, my wife purchased a ‘pump’
container of tooth paste at a very
advantageous price (f must have
been a promotion). The tooth paste has
now run out, and | wondered if the
containar could be re-used. | was able to
ramove the top, but this did not seem o
help, so | decided that the only way into
the ‘works' was to cut the tube, so this |
did, 8mm down from the pushed-on lop
and, luckily, just in the nght place.

I was then able to remave the base
plunger and to clean out thoroughly the
wihole unil. The way it works is very
simple and straightforward, but | think that
it would only work with a somewhat runny
liquid. As the tapping lubricant that | use
seemud to be of the right viscosity, it was
filled up and tried, and it warked.

The cut does have 1o be at any critical
position, and it may ba nacassary to fita
gleave over the joint at some later time,
but at the moment it is fine.

The base plunger must be pushed out
of the tube from the bottom, as it is fitted
with a disc spring which clamps 10 tha
outer wall of the tuba and aliows it to
traval ona way only (up), this being the
only reason that the tube has 1o be cut,

A TAPPING
COMPOUND DISPENSER

1. The components of the dismembered tooth paste dispenser, showing the spring.

Refit the top and refill with the tapping
fluid, then replace the seal and spring wunit in
the wbe. Do maka sura that if you have
removed the base cover 10 the seal, ks
replaced, as otherwise the liquid will leak out
Opaorate the pump and at the same time
gently push the seal and spring up the inside
the wbe until the tapping lubricant emergas.
There you have a dispenser which will
maasura out small amounts and, ae i1 s
hand-heid, can be offered up 1o a tap of

3. The retaining ring and groove.

workpiece on drilling machine, mill or lathe

| do not balieve that the tube will last for
evier, as the spring (which seems to be
made from aluminium) culs into the inside
of the wall of the tube, and will eventually
lose its sealing properties. However, it
should survive a few refills and, as the
guantities usad are small, should last years.

The tube depicted is the only one | have
checked €0 other brande may not be |
the same. Goeod hunting, 9

3
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David Machin tackles a
problem experienced by many
owners of small milling
machines

wnars of Westhury, Dora Wastbury
Oaﬂd similar millers will have, no

doubt, met this most Irritating of
situations: Where, in planning a precision
drilling job, you find that the quill stroke
langth is Insufficiant to cover the range of
drill lengths required to complete the job
without raising the headstock. Thus the
planned precision cannot be met becauss,
on releasing the column clamp bolts, the
headstock location is losL

By coincidence, | had bean re-
acquainted with just this situation the day
bafora my visit to a Model Engineer
Exhibition. It was therefore with some
imarest that | examined a Dore Westhury
machine on the S.M.E.E. stand which had
a triangular section key and keyway
system to overcome this problem, |
couldn't find a nama, so cannot
acknowladge the source, In any case, my
thanks to the person who took the trouble
1o bring his machine, and inspired me to
emulate his idea.

Aftar the vigit, on the Leads-bound
coach, a kind gentleman (whose name
naver asked, a fact which | now regret, if
only to say “Thank You”) remembered
batter than |, that an anticle on this had
appeared in M.E., and kindly sketched the
rudimants of the system. He even
remambered the name of the author of the
article - what an amazing memory! On
returning home | want straight for the
excellant red M.E. index book, found the
referance, (but only via the suthor indax)
and unaarthad the back copy. The article
was in the issue dated August 4th 1980,
page 1013.

It appearad. that the author of the
article - {now the late) David Urwick- was
algo the inventor of the system, the patent
far which had aexpirad long ago. in it he
explaing vary clearly tha principles of the
system and invites readers to use it and
specifically mentions vertical millers
having round columns.

Briafly, rafarring to my ganeral
arrangement drawing, the principle is that
a groove of V section is milled down the
outside of the round tube, labelled pari A,
with ona flat of the groove axactly on a

August/September 2000

REPEATABLE
HEADSTOCK
LOCATION FOR A
VERTICAL MILLER

L T E S —— A

General Arrangement - Not all hidden detail shown

radial lina, with & similar groove machinad
on the inside of the vertical column,
labelled part B. A key of suitable section is
fitad to locate the tube and column, the
key (Part 1) being adjusted by fitting
suitable ‘gib’ screws, Pan 2. The settings
are locked by nuts, Part 8. You will note
that additional pieces of metal, Part 3,
have 10 be fitted to the column to provide

SECTION AA

o e 17 T B B RSN A Y LR S LT T

flat seatings, square to the screws and
nuts, This was because | didn’t want 1o risk
weakening or cracking the vertical column
casting by milling a flat seating in it.

This arrangement allows the column to
ba raised or lowered without losing the
setting of the headstock and, in each case,
the precise original setting is ragained on
tightening the column clamp bolts
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So, having said my mental Thank You's
to the three people who had got me this
far - not least the late David Unwick, | set
about preparing to do the job. Since the
tube, Part A, has ta be milled along its
length, it is necessary to have the use of
anothar milling machina. My friend Frank
readily agreed to allow me the use of his,
s0 that was one obstacle out of the way,

A new key from an old
file

David Urwick advisaes the use of a 45 deg
key, but as | already had a dovetall cutter of
60 deg.. | decided to opt for that, and use a
matching key. f you nead to buy a cutter,
then 45 deg. ones are readily available

Not having any key steel (usually ENGI
for Part 1, 1 looked around for a suitable
material as, ideally, each of tha shding
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2. Machining tha key with a tungsten carbide tipped cutter

3. The part completed key, still with the
tapered and centre-drilled ends

surfaces should be of a different material or
grade of material (except, of course, cast
iron), | found an old 3sin. three-square
(triangular) file. and this proved accaptable.

This was saftaned by annealing by haating
10 bright red and cooling as slowly as
possible. The usual practice is 10 cover and
surround the job with coke or broken
firebrick. heat up and cool the whola lat up
together. Even with this procedure, | found
two annealings necessary. The tang was
sawn off and the job gnpped in the 3-jaw
chuck for facing and centre drilling in the
lathe. The chuck and workplece were then
transferred to the dividing head (bolted to
the miller tabla) as shown in Photao. 1. The
1ailstock set-up looks a little odd and
perhaps needs explaining. My miller table: is
nat vary long and 1o support the centré
drilled end of the workpiece, the centre
paint had to be put wall back inside the
dividing head tailstock, and the centre point
{which is a parallel piece of bar) engaged
waell inside the harrel. The testh of the old
file were then machined off and since the
metal - even in the annealed state - is still
comparatively hard, | used a cutter with
tungsten carbide teeth, Photo. 2 shows tha
milling being carried out and Photo. 3
shows tha completion of milling of the key
at this stage.

The dividing head greatty facilitated the
accurate machining of the 60 deg. angles.
For those without thig facility, | can only
suggest that a jig be made, similar to a vee
block, but with an angie of 60 dag. (Mode!
Engineer No. 4047 includes an article on
making micro vee blocks by Ed Cooper of
Canada, which shows this being done with
a centre drill as the 60 deq, cutter), This
would be made longer than the finished
length of the key, and would allow clamping
down a longer length of key material to the
miller table, with the milling being
complated between the clamps. For those
intending a 45 deg. key, commarcial 90 deg.
vee blocks may be used, with a clamping
arrangament s alréady detailed. For this it
would be presumed that you would use o
plece of square section bar and mill down
to the section shown in the 45 deq. genaral
arrangement drawing in Fig. 1.

Returning to the descrniption, the axtra
piece containing the contra drilled end was
sawn off and, to complete the key, the sawn
and was faced and two of the milled
surfaces scraped flat. Only two, because the
third surface is merely the face on which
the gib screws bearn, and doasn't nead the
high dagree of flatnass required by the
other two. It can be seen in
Photo. 4 that the key is still attached to the
chucking plece to allow gripping in the vice,
| also use an old file ground for use as a
scraper, which con also be seen in the
photo, Scraping 1s carnied out by smearing
a thin layer of engineers' biug on a surface
plate (| use a piece of plate glass) and
placing the surface to be scraped onto the
bluad plate . The high spots will then be
revealed, the scraper then being used to
remave these high spots, This is repeated
until blue covers about 90% of the surface
heing tasted. Having said all that, with hind-
sight, as yet unoxplained, | would gnind
them.

Modifying the column

Machinming the keyway along the
column was next. As already stated, this
needs another milling machine, the one |
usad having a traverse long enough to
machine the keyway along the whole tube
length at one setting - and my tube is of
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4. Two faces of the key were finished by
scraping

extra length. Incidentally, this meéans having
to have a hola in the supporting bench top
for my machine!

The tube was clamped to the table using
(sccuratu) parallel packing. Packing is
needed unless you are prepared 1o remove
the T plece casting at the top of the column,
| wouldn't recommend this, particularly if it
was originally fitted as a shrink or press fit,
85 you may irravocably damage the casting
or tube (or both), | used a piece of 1in, thick
bright draswn mild steel as packing. This
was checked for straighiness and more
importantly. for consistent thicknass, using a
micromater. This enabled the T piece to
clear the table and also was a check on
gatting the keyway at 90 deg. to the cross
tube, since the face of the T piece needed to
be merely parallel with the table, This is not,
of course, critical.

What is critical is aligning the axis of the
tube parallel with the table ways of the
miller. This was achieved by using a d.ti. as
shown in Pheoteo. 6, which also shows the
method of clamping. This alignment ook
some tima to achisve since the table neads
10 be wound back and forth to make the
necessary checks. Another point is that the
diri, stylus cannot be allowed to drop into
the square thread grooves as the table is
traversed, so the cross-slide index needs to
be used to allow retraction of the tube
during traversing, assuming that the cross-
slide index can be relisd upon for accuracy.
Allowance also needs to be made for
backlash.

| found that if the tube was merely
nipped down and then adjusted parallel,
subsequent tightening would alter the
parallelism - very frustrating. | eventually
found that the tube could be moderately
tightly clamped &t each end, and judicious
tapping with a mallet, checking, further
apping with the mallet, and further
checking, eventually achieved the required
result. A further series of checks is
necessary during final tightening down, a
lengthy procedure, but very necessary if
accuracy is to be achieved. More clamps
were fitted in addition to the two end ones,
as seen in the photograph. The bottom of
the dovetail (or 45 deg.) cutter then needs
carafully bringing to exactly centre haight
position of the tube, and machining can
commence. An initial cut of around 0.018in,
was taken, incrementally reducing the depth
of cut for each sucoessive pass. The reason
for this is that, as the cut gets deeper, more
of the angled face is exposed and therefore

22

the harder the cutter/machine has to work.
Final cuts were around 0.002in. at the full
depth of half the key width, i.e., 0.156 inch.
Photo. 8 shows the machining in progress.
A fine feed and lubricant is essential to
obtain a good and accurate finish,

Machining the column
casting

After some careful deburring and
relieving of all sharp comers, using a fine
fila, the column tube was refitted to the
column casting, to enable a line to be
scribed on the top face of the casting to
determine the position of the keyway to be
machined into the column casting. This was
done by the use of the previously made kay,
which could now be slid down the keyway
until it reached the top face of the column
casting. Firm finger pressure into the newly
machinad keyway on the tube, and on to
the top of the casting now allowed the
transfer of the exact position of the keyway.
Further marking out was completed to show
the depth requirement of the kayway, to
ensure a clearance of about 1azin, for the
gib face of the key. The laner was not
critical, of course.

The next stage was to prepare for
grooving the column casting, and for this, |
proposed to use the lathe as a shaping
machine. The plan was to mount the
column casting In the 4-jaw chuck, using the
fixed steady at the outer rim to suppert the
column, The groove could then be formed
by racking a suitable tool backwards and
forwarde, progressgively deepaning the cut.
This method needs a space for the tool to
run into, (perversely known as a run-out
holal), so | drillad 5 hole at "1ein. dia,
{tapping size for 'zin. BSF) in an appropriate
position. This can be seen in the General
Arrangement drawing. After the groove had
bean mads, the run-out hole could be
1apped and fitted with a plug to keep out
swarf and also 1o prevent the key falling
down tha keyway and so make key retrieval
easy. Photo. 7 shows the run-aut hole in
the column casting, the latter positioned in
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the lathe with the fixed steady adjacent. The
set-up for grooving the column casting is
shown in Photo. B, the casting first baing
gripped (by its basa spigot) in the 4-jaw
chuck, and set to run true using the d.t.i.
The bore of the casting needs 1o be
concentric with the axis of the lathe. This
takes time, but is necessary to achieve the
required result, You will notice that the fixed
steady had 1o be 'extended o
accommodate the casting. Graal care is
neaded to adjust the fingers so as not to
disturb the initlal clocked setting. Since the
column casting is not going to rotate, there
is no problem that the surface on which the
steady fingers bear is not machined true. In
the absence of a spindie lock on this
particular machine, the lowest speed setting
had already been engaged. A very stout bar
is needed on which to mount the tool. |
used one of 3in. square section, ag shown
In Photo. 9, which allowed for drilling and
tapping for two grub screws. The plan was
not to try 1o taka the whole width of groove
with one tool as this would have probably
put too much strain on the set-up. Instead, |
usad a Jacin, squara ool for the first cut,
follownd by & '2in. one, and finally one of
bng inch, The tool shape is shown in Fig, 2.
MNote the clearance at the top, so that the
only face taking a full width cut was the
front one. Getting the 60 deg. angle must be
achieved before grinding the relief, and a
screwcutting gauge (for 60 deg. metric or
UNF/C threads) can be used for checking
the angle, For the 45 deg. teol, a template
would need to be carefully made, If you
have a 100l and cutter grinder, then grinding
the angle in either case s much easier.

To facilitate the fiting of progressively
larger tool sizes, the Jein. bar was oross-
drilled to a size to suit 1the "across corner”
dimension of each tool bit. Not ideal, but it
worked and was quickl,

The actual metal cutting was easier
than | had thought it would be, so this
came as A pleasant surprise. Photo. 10
shows the [ast stage of the 'shaping’ baing
carried out. You will have noticed that |
used my larger lathe for this, but this
shouldn’t stop you using a smaller one 10

LIl T
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5, Setting the column on a larger milling machine. The decision not to remove the upper
casting meant that careful packing was required
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THIS VIEW LOORING FROM
TAILSTOCK ENP.TO SHOW
CLEARARNCES.

TOOL IN WORKING POSITION.

do the job, providing thae casting can be
chucked and supported, not necessarily by
the lathe manufacturers steady. A 'lash
up’ support - done carefully - can be
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Fig. 2 Tool Shape for
Groove in Column

aqually effective, ar you may have a friend
with a larger lathe or go to your evening
school class 10 use ona of thair (usually
larger) machines.,

Adding the column
casting extension
pieces

Next, the column casting extension
pleces, Part 3, wore made. These wers
machined from ong piece of 172 x Tin,
section bnght dravwn mild steel (BDMS)
and split into two after machining. This
section was necessary becsuse it has to be
larger than the finished size to facilitate
clamping to the face plate for machining.

First, though, it was necessary to mark
out and drill, tapping size, the fixing holes
(the ones for 2BA countersunk screws)
shown on the drawing, This is necessary
80 that whan the drill braaks through, it
does 50 on a flat, square surface. A
sloping or curved surface can result in drill
breakage, because only one side of the
hole breaks through first and the drill
tends to bend towards the break through,
i.e. the least resistance with, in many
cases, disastrous conssquences. Tha
greater the slope angle, the more likely it
is 10 suffer a breakage. The same applies
Lo taps.

The set-up for machining the radius is
shown in Photo. 11, Note the use of
changewheels for counter-balancing, and
the packing under the workpiece 1o allow
teol run-oul. Care is needed so that the
changewheels don't get in the way of the
tool as the faceplate revolves: it is
essantial to move the faceplate through
one revolution by hand before switching
on the motor?

Setting up for faceplate work can be
frustrating to say the least, if trying to bolt
compoanaents'to the faceplate with the
faceplate mounted on the lathe. Initially, |
slways sot up with the facaplata flat on the
bench. Nuts can then be nipped up finger
tight, so that any small movernents can be
made without the whole lot collapsing (on
to the protective wooden board which |
hope you always place ovear e lathe bed
for just this eventuality).

The difficult part is 10 s8t the workpisce
10 allow machining bo the correct radius of
the column casting, nominally 1.875in,, but
check fram your own maching. Thae method
which | used was to fit the centre point in
the headstock and measure the distance
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(radius minus chord haight = 1'73z2in.) from
the cantre point to the mside face of the
piece of square bar. The latter needed to be
set such that (a) the lenath of the bar was
oqually disposed cach side of the horizontal
centre line and (bl set vertical by tuming
the faceplate until the bar was truly vertical,
checked by trisquare from the lathe bed.
The distance was measurad, initially by
rule, and finally by gripping a scriber in the
1ol post at centre height and lining up the
pointer with the centre point, zeéroing the
indax, and winding the pointer outwards,
using the cross-slide sorew, until the
pointer reached the inside face of the
squane bar. The measurement was then
taken from tha cross-slide reading.
Adjustments were made until the correct
distance was achieved. This did not give
absolute precision, of course, but served
the purpose.

Having tghtened the nuts, a check was
made of balance of the set-up. For this, |
always loosen the belt so that the spindie
has minimum friction, The oppasing itams
are then set horizontal. If they stay there
then a degree of balance, adequate for our
purpose, has been achleved. H not, then
changewheels are removed or added as
required, Having made a final chack that tha
changewheels are tightly restrained and
atso will not hit the tool, the motor can be
usad to make the final check for balance. |
aiways start at the lathe’s lowest (back
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geared) speed, and keep Urying the neéxt
faster one to find the highest speed which
has no vibration. Assuming that the ‘'no
vibration speed’ is not faster than the
correct turning speed for the metal being
turnad (nominally about 70 rpm for mild
steal in this case), then this is the speed to
use, The machining 1o radius was then
completed. The cut was intermittent, of
course, and therefore a stoutl bonng bar
was needed, taking small cuts

Next, the workpiece was removed from
tha faceplate, and metal was removed on
the face opposite the curved one, to bring it
to correct thickness. This can be machined
in the miller or in the 4-jaw chuck on the
lathe. | used the latter. Finally, the Siamese
twins ‘' could be parted by careful sawing
and cleaned up, to produce the two pans.

The pieces were now clamped to the
colurnn casting in the correct position
(relative to the keyway) for dnlling and
tapping for the fixing screws. This neaded a
lot of care in positioning 1o ensure the
necessary alignment with the keyway.
Photo. 12 shaws the methad of clamping |
adopted. For drilling the holes in the column
casting, an elaborate set-up would have
bean needad to usea the drilling maching
and my dreilling machineg wasn't big anough
Instead, a pistol drill was used to drill
through imo the column casting. Using the
praviously drilled tapping size holes as a
guide and graat cara, this proved quite

satisfactory. Since the holes were blind
holes (Le. not going to be drilled throughl
thetre was no problem with breaking
through on a curved, sloping surface.
However, only one hole could be drlled at a
hme bhecause of the clamp, so it was
necessary to first drill clearance size in the
extension pigces and then tap into the cast
iron 1o allow one scrow 1o be fitted, The
other hole could then be completed

Having secured the extension pieces 10
the column casting, | could then piot” the
position and angle of the lapped holes for
the gib screws. Again, this needs great care,
| worked back from the centre of the keyway
and scribed lines round to the outer flat face
of the extension pieces, These were then
removed and set up in tha drilling machine
vise, checking that the drill bit would follow
the prescribed angle, so that the holes could
be drilled tapping size for 2BA, using the
depth stop to avoid a break-through at an
angle - in effect blind holes at this stage.
The pieces were then refittad 1o complete
tha drilling through into the column casting,
again using a pistol drill, following the line
of the previously drilled hobes as before.
However, since these holes were critical,
this time | took the addedd precaution of
hawing a friand gight tha drill, to ba balt-and-
braces sure. Since the keyway produces &
square seating there is no problem with drill
brask-through. Note that tapping ks left until
final assambly. If the plotting is corract, tha
holes will break through centrally, relative to
the key. One of mine was slightly out of
cantre, but the other was correct. The
imporant thing is that the gib screws bear
on the key. If the holes end up elsewhere,
the only cure is to enlarge the holes, tap, fit
lengths of screwed rod, using Loctite, then
have another attempt. The mating surfaces
were then cleaned up and the extension
piaces were finally Araldited and screwed
into position, YWhen the Araldite had curad,
the tube was fitted into the column together
with the key, so that the latter could be
‘spotted through' a1 tapping size, With the
camponants disassembled once more, the
key 'spottings’ could be enlarged to
clgarance size (but note the shallow depth,
since these holes are only there 1o be
located by the git screws), The holes were
then tapped through the extension pieces
into the column casting for the gib screws. It
can now, hopefully, be seen why it was
necessary to leave the tapping until this late
stage. To complete this assembly, Part 2, gib
scrows, need 1o be dealt with. The gib
screws can be made from rod, but |
preferred 1o modify Allen grub screws. The
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modification 1% simply to machne a shor
spigot on the screw whera it will meet the
key The reason for a this is to make the
serews easy 1o remove, particularly after
KOMe years service, othenvise the
tightening can cause the end of the screw to
mushroom where it bears against the key.
The radius on the and is not eritical.

To machine a spigot on the screw, it can
be heid in a split nut (a nut with a radial saw
cut through one flatl to protect the thread
Such a holding arrangement is tenuous, so
lght cuts necessary.

Part 7, Plug / Key Retainer were made next,
and fitted to the column. Care is needed to
ensure that the plug, when screwed home,
doas not quite touch the column tube. If
fitted correctly it will act 85 8 retainer for the
key, particularly important if the key needs
to be removed and during initial fitting,
before the gib screws are adjusted.

The plug, extension pieces and the
immediate surrounding area were painted
1o blend in the modification with the rest of
the column. Photo. 13 shows the finishad
resylt
A new head elevating
key

The original head clovaling key, as
dasigned, i small and wall not now bnidge
the gap across the newly machined keyway,
Clearty a larger one is needed, 50 the
drawing (Part 4) shows the datails. Note the
groove in the alevating key.

Since a larger holo is necdad in the
elevating ring, labelled C, to take the larger
key, the original locking maethod, i.e., a
simpie grub scraw bearing radially on the
periphery of the key, cannot now be usad
because there is insufficient metal left for an
adequate thread (Photo. 14). Instead, a
tapping hole for 2BA is drilled in the ring.
the cantro line of which Is on a tangent to
the newly enlarged {"zin. dia.) hole as
shown in hidden detail on the general
arrangement drawing. This hole is tapped
for & depth of %32in, 10 suit the thread length
on the scraw. Note that, for this drilling, a
stub of 'zin, dia. (expendable) steel rod will
need to be placed in the newly drilled hole
in the ning. Without the stub you could

break the drill or at least cause it to go off
line as it breaks in 10 the cavity.
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| then made a special screw, shown on
the drawing as Part No. 5. This screw is
fitted into the ring so that when screwed
hame, the spigot will enter the groove of
the elevating key and lock it into position.
The “tail’ of the screaw will enter the tapping
size hole at the bottom end and this will
sLppornt it

The making of the elevating key, (Par
No, 4) is quite straightforward, and since
you presumably made the first one, no
further comments are neaded, excopt to
point out thit the groove width should
allow an adequate clearance for the spigot
of the scrow, Part B, If the scraw is made
first, this can be used 1o test for clearance.

With all parts reassembled, the triangular
key (in effect the gibl can be carefully
adjusted to allow the column tube to move
up and down but to closely fit into the
keyway to achieve the required control

Problems!

The final stage was to check the
accuracy. The only way | could think of
doing this was 1o use the sot-up shown in
Photo. 15. Here my largest trysquare was
damped to the table and a d.i. grpped in
the drill chuck, First the headstock was
moved 1o its lowest position and clamped
The d.Li, was made to touch the blade of
the trysquara, and zaroed, Tha tube clamp
was then loosened and the headstock
raised and clamped at 8 height where the
d.t.i. stylus would still be touching the
trysquare blade, The result wag an arror of
0.0035in, in Bin. - very disappointing
Vanous other trysquane positions were
tried with very strange land inaccurate)
results. | then checked the table geometry
and it finally dawned: the table top was not
fiat! | hadn’t checked it since | had made
the miller, nearly 30 years ago; | know it
was flat then and ¢learly it had warped
gince and was now hollow by 0.003in., but
how to correct it? The very large lathe |
used then wasn't available to me now,
Putting it out 1o a specialist 1o be surfacs
ground was one solution, but could | do
this mysel? It was worth a try and | later
proved it could be dona, My next articie (to
e published in issue 63) may be helpful 10
anyone else who needs to do some surface
grinding on their miller, particularly Quom

OWNErs. e

14, A new slavating key and retaining
screw are required because the eriginal
key is not big enough to bridge the new
triangular keyway in the column

15. Alignment checks on the modified
machine revealed that not all was well
with the table. David Machin reveals how

he avercame this in our next issue
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WE VISIT
DICK STEPHEN

Retired physiologist and university lecturer R. O. [Dick) Stephen is truly a master craftsman. He
recently invited us to visit his home and workshop, where we were able to discuss his forward-
thinking approach to hobby engineering, in particular, to clockmaking

1. Diek Stephen at homa in his camfortable centrally heated purpose-built workshop.
Designed as an integral part of the new house which he built 10 years ago, this 20 x 12 ft
facility is wired with both single and three-phase electrical supplies

he first thing that the visitor to Dick

Stephen’s workshop notices |5

nathing 1o do with the spacious
building, ita layaut or the equipment
within, It is the view from the window!
Situated on the edge of Rutland Water, the
praperty s an idyllic location for active
retirement for this formar university
lacturer,

Dick came to Oxford from his
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Johannesburg home in 1956 to gain a PhD
in nuclear physics, but his interest
subsequently switchad 1o medical physics.,
particularly acoustics. His subsequant
career took him all over the world, first to
America, back to Oxford, then London,

Glasgow, Australia, and finally 10 Leicester,

A long-standing interast in making
things, since the age of six, Dick reckons,
has led him to investigate many aspects,

it
3. The substantial cabinet stand of the
Schaublin incorporates conveniently

accessible storage for the many
accessories and attachments

4. When using the lathe to cut the
threads on new leadscrews for @ BCA
milling machine, a rigid travelling steady
was an essential raquirement. Cast in
aluminium bronze from a wooden
pattern, the body provides rigid support
for the adjustable fork

starting, like many of us, with mode!|
poroplanas. An early yearning (now likely
to remain unfulfilied, he thinks) was to
build & miniature Le. enging, kindling an
imerest in metal work, but it was with
wood that he really honed his Initial skills,
A deep interest in music (Dick’s wife is a
music teacher) resulted in the building of a
wide range of musical instruments, some
52 stringed instruments now having been
completed. These include violing, cellos,
pianos and harpsichords, the majority of
which have gone to eager buyers, thus
providing funds for a steady upgrade of
the woarkshop. Very often this has boeen
achieved by rescuing some derelict piece
of equipment and bringing it hack to life, A
great advantage has been the availability
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5. Tha second lathe in the woarkshop is also a Schaublin, this being
& Model 70. Found in a tool shop in Perth, Western Australia, it had
fain for five years without eliciting one enquiry. Obtained in part
exchange for Dick’s original Myford ML10, this screw-cutting
machine is also fully equipped with dividing head, vertical slide
and milling spindle. It is used extensively for cutting clock wheels
The drive system Incorporates a variable speed unit.

B g

workshop.

7. Another basket-case recovered from industrial use was the LIP surface grinder, of
French manufacture. Most parts were heavily worn due to lack of maintenance, and
axtensive re-work was nacezzary. One of it many usas is now the very accurate re-
sharpening of lathe tools, It is only with tools sharpened in this way that Dick finds that
he can satisfactorily machine blued pivot steel. The off-hand grinder features a DC motor,
and carne frorm a WWIl American Army maintenance workshop truck, while the Quorn
was not built by Dick. but acquired at auction

of a threa-phasa electrcal supply, installed
when the new house and workshop were
built some 10 years ago. He considers that
the original cost of laying in this supply
has been offset hy the savings made due
to the lower cost of second-hand three-
phase machinery.

The main interest now is in
clockmaking, not in reprodueing traditional
designs but in creating new and
interesting mechanisms, as well as
exploiting the poatential of modem
materials and developing techniques. His
sphaerical clock which has the capability of
indicating the time at any longitudinal
position on the aarth’s aurface, won a
Gold Madal and the Claud B Reove
Memorial Trophy at the 1984 Model
Engineer Exhibition. It features a large
lever escapemeant, togather with a
chronometer-style helical balance spring.

8. Two skeleton clocks built by Dick to his
own designs. On the left is a spherical
clock of unique design which won a Gold
Medla! and The Claude B Reeve Memuarial
Trophy at the Model Engineer Exhibition
in January 1384. The time anywhere in
the world can be deduced from its scales
The Inverted Y Frame clock on the right
was built 20 years ago.
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6. The BCA milling machine, complete with Ortec digital read-out
equipment has departed since our visit, to be replaced by the
Wabeco CNC unit described in the next article. The BCA was
acquired in a very run-down eondition and restored in the

T

8. This elegant wall clock is one of four
being built. Of the other thres, one will go
to Dick’s daughter, and the other two are
destined for America. A constructional
series has recently been published in the
Horalogical Journal.

o

10. 's of the clocks now under
construction,
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12. Dick is always to ready to challenge
the conventional wisdom on clockmaking.
He has perfected the use of tungsten
carbide for escapemant pallets, thus
reducing waar, and now makes all azcapes
wheels from titanium. The lower weight
of the latter reduces inertia and gives
improved performance and reliability. He
has promised to give us some hints on
the machining of these rather exotic
materials. The chapter ring was
chemically etched but, in future, CNC
engraving will ba used

13, Keen to explore new avenues, Dick has astablished a small research laboratory in a
spare bedroom. Current work includes an investigation into the effects on timekeeping of
different methods of pendulum spring suspension and, seen here. the practicality of
using carbon fibre rods in compensated pendulum

14. The rig allows the expansion
characteristics of the carbon fibre rod to
—— p ‘ be ascertained

15 The view from the workshop could : : :
provide a distraction!

Hck’s view is that the escapement
mechanism is the heart of any timepiece
and it is the weak spot in most amateur
built examples. He is planning to describe
a new clock which will incorporate a
Remontolre escapament In OUr sistar
magazine Model Engineer.

The recant acquisition of the Wabeco
CNC milling machina has opaned up a
whole naw range of poesibilitias, he feeals,
but says that these developments should
nat discouraga the ownars of more
traditional workshops from having a go at
producing precision items. The main
advantage of such new equipment will be
1o allow the manufacture of components
much mora quickly, thus allowing us to
get on with the next interesting project!

We look forward to seeing more of
Drick’s imaginative designs 6
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THE WABECO
MILLING MACHINE

Clockmaker Dick Stephen describes his experiences with the CNC
version of the Wabeco 1200 Series Milling Machines

paid my annual visit to the Model
I Enginear Exhibition last Christmas, an
occasion which usually entails a
thorough ferreting through the various
stands selling all those bits and pieces one
needs to stock up with after a year in the
workshop. My workshop was at the time
reasonably well equipped with a couple of
lathes, 8 BCA M3 Jigborer with digital
readout, and a small surface grinder. |
cenainly wasn't on the look-out for any
more equipment but, in the process of my
wanderings | passed the Pro Machine
Tools Stand and was instantly attracted to
the Wabeca CC-F1210 CNC milling
maching, which was being demonstrated. |
was impressed by what | ebserved and
spent somea time watching proceedings,
then carrled on with my wanderings,
thinking about what | had seen, At this
paint | had better tell readers what my
maode! engineering interests are. For the
last 30 years | have been into clock making
and, having recently taken early
ratirament, my interest has become a bit
more serious, The really time consuming
jobs in making a clock are crossing out the
wheels, making the plates for a skaleton
clock and engraving the dial, Unless one is
o genius with a graver, and | am not one
of these, dials are something one gets
someone else 1o do! The more | thought
about the Wabeco machine, tha more |
realisad how it could make my life a lot
easiar and relieve me of some of these
tirne consuming jobs. Having easily found
a buyer for my BCA at a reasonable price,
a couple of weeks later | visited Pro
Machine Tools in Stamford and bought the
machine that had been demonstrated at
the Show.

| have now had the maching in my
workshop for several weeks and have
been able to assess it's potential.

General impressions

The F1210 18 a very solid well made
machine. The general finish is goad, the
slideways are obviously precision ground
and carefully adjusted and the leadscrews
are also of high quality, as can be judged
from the feel of the machine when
aperating it manually. Backlash is minimal
on all three axes. The one | have is a
metric machine, which is what | wanted,
bhut you would need to consult Pro
Machine Tools if you wanted an Imperial
ong, The X and Y leadscrews are 4mm
pitch and the £ leadscrew 2mm pitch. The
motor is 8 generous 1400 watt unit and is
maore than adequate for 2mm plus cuts in
mild steel. The motor is fully speed
controlled and easily adjusted over the
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range 180 to 3000 rpm. Initially, the speed
control is a hittle disconcerting if you are
wsed to a motor firing up as soon as you

turn It on. There is delay of about a second
while the speed controller responds bafore

the motor runs up to the sel speed. |
recently used the machine running at top
speed for an extended time, when the
maotar housing became too hot to touch
after about 15 minutes. | felt that running
the speed control electronics or the maotor
at these temperatures for any appreciable
period may possibly cause problems, but
the manufacturers have assured me that
the speed control electronics and the
motar can be run for extended pariods at
temperalures up to 100 deg, Centigrade
with no deleterious effects to either.

The graduations on the micromater
dials were not filled in black on the
machine and with my deteriorating
eyesight, | found it difficult to read the
divisions. A bit of black enamel paint soon
fixed the problem. Maybe the factory
could do the same!

Operating the miller, a light, the control
bax and the computer requires four leads
10 be plugged into the mains. To avoid
having four cables on the floor waiting to
trip up the unwary, | have bolted a
switched 4&way mains distribution block
onto the back of the cabinet and taken the
single lead over the ceiling of the
workshop to the maing gockat in the wall.
Incidentally the bracket for safety screan
makes an excelleant mounting for a light.

The CNC miller as a
manually operated
machine

The machine arrived with the stepper
motors already installed and wired up to
the control unit. The first thing | noticed,
as soon as | turmed the handles 1o move
the table, was how stiff everything fall.
Turning the handles rapidly also produced
a nasty knocking sound. It was
immediately obvious what the problem
was; rolaling the leadscrews also caused
the stepper motor armatures to tum,
converting the motars into a dynamos!
The emf s0 generated was being fed back
1o the firld coils, which weare attempting to
rotate in the armature in opposite
direction - hence the resistance and the
knocking noses. Connecting the stepper
motors to the contral box via 4-way plugs
and sockets attached to the cavers
surrounding the motors easily solved the
problem. The plugs and sockets which |
fitted can be seen in the accompanying

photograph, Photo. 1, of the maching in
my workshop. This enables the motors to
be easily disconnected and complétely
golves the rasistance problam, | have also
had a response from Wabeco, stating that
all CNC machines will, in future, be fitted
with switchas to isolate the stepper
motors, so curing the problem. It is most
gratifying to see how responsive Wabaco
are 1o suggestions for improvements 1o
thair machines, It ertainly gives one
confidence in their products.

The CNC aspect of the

machine

One of the features of the CNC package
with thae machine that attracted ma was
the abliity of the program to use drawings
stored in .dxf format. This offered the
potential of using one of the éxcellent CAD
drawing programs currently available,
such as Autocad or Turbocad. | am familiar
with Turbocad as | have been using it for
several months for the drawings of a 'How
to make' clock series | have boen writing.
Suffica it to say that the road 1o competent
familiarity with the CNC program was a
somewhat bumpy one, not helped by the
manual provided with the machine. Let’s
say | have seen a lot better manuals than
the one provided! | understand that a new
improved one will be available by the time
this reaches press.

Access to the program requires a
‘dongle’ to be plugged into the printer port
of the computer. It would have bhean a lot
easier to attach the printer cable had nuts
rather than screws been fitted to printer
cable end of the dangle. | hope this will be
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sorted out in future models. The printer
port naads to be appropriately configured
for the dongle o function. Instructions to
enable those not expeart in MSDOS 10
carry oul this task would ba very helpful; |
initially had problems. The printer cable is
plugged inta a control box, which oparates
the steppear motors. | personally would
have liked to see tha control box fitted
with a neon warning light so that one
could see ot a glance if the box is wrned
on.

The program comas with it's own
drawing package which | find reasonably

easy 1o use, though very limited compared
te Turbocad. | have found thal Turbocad,
usad faor all the initial drawing,
supplemented where necessary with the
drawing facilities of the program, works
vary wall. | initially had problems when
using tha program for converting .dxf files
10 the frs tiles used by the machining
program as there were no instructions at
all covaring this in the manual. This has
been rectified, | understand, in the new
manual. The whaole learning exercise
wasn't helped by idiosyncrasies in
Turbocad, which had me tearing my hair

out for a few days. Roger Nielson of the
UK office of PClathe, the machine software
developers, was most helpful in sorting
out my problems. Had | not been
reasonably computer iterate, the whole
exarcisa would have baan a lot mora
tiresome. | understand that Pro Machine
Tools will be offering a one-day training
course. If you are not well up in
computers, | would advise taking this
course. All the problems are now behind
me and are past history. | have to say |
now lind the package really excellent and
the results obtained using tha CNC faciliry
have surpassed my Initial expectations.
The accuracy of the machined parts
made so far i excellent, 0.02 to 0.04mm (1
2 thou) accuracy being routinely attainable. |
can soee all sorts of possibilities and
potential for the machine and expect it to
become an indispensable item of workshop
equipmant. Photo. 2 shows a dial for ong
of three Vienna regulators | am making, in
the process of baing engraved. | use
titanium for my escape wheels, Crossing
out wheels in this matenial is not at all easy
as it i5 quite difficult to machine. | crossed
out & blank escape wheel using a tungsten
carbida burr in about 45 minutas, the end
result baing perfect, requiring no further
work apart from a bit of polishing. By hand,
this job would have taken at least a full day!
| can, without hesitation, recommend the
Wabeco CC-F1210 to anyone thinking of
buying a milling machine, The manual
varsion is, in my opinion, far better value
than most similar machines on the market.
The CNC option, if you can afford it,
really is the icing on the cake, once 0
yvou got to grips with it. -
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A TAILSTOCK FOR A DIVIDING
HEAD

\

Norman Hurst describes how he
fabricated this neat unil.

o

Issue on sale 8th September 2000

(Confents may be changed)
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A TILTING COMPOUND
TABLE

This versatile milling machine
attachment won the Bowyer-Lowe
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MANUAL METAL ARC WELDING

Travor Marlow describes the process
and gives some hints and tips.

Trophy for Gaoff Allen.
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A DIRECT INDEXING
ATTACHMENT FOR
A MYFORD
DIVIDING HEAD

i

At recent model engineering
exhibitions we have marvelled
at the work of Raymond
McMahon of Carrickfergus,
Northern Ireland. Here he tells
us of a modification to a

workshop accessory which
helped 1o speed up production

Some while ago, | was putting the
finishing touches to a mode! hot air
engineé which necessitated re-cutting
the heads of standard 128A haxagon
headed bolts, two sizes of heads being
required, 0.060in, and 0,070in. across flats,
I had owver 70 bolts to re-cut, and using the
Myford 60 : 1 dividing head, | eventually
got through the exercise, counting one to
ten as | turned the handle before each cut
Meedless to say, when | want to bed that —
avening, | was still counting hexagon
heads instead of sheep!

After this marathon of head chopping, |
longed for the advantage of direct

.“'ﬁ&ﬁﬂiﬂg # hexagon with the

:trﬁﬁf Indexing device in pasi tion.

¥ =3
.

The solution | came up with was quite
simple. An adapter indax ring was made
up, my thinking being that if one used an

modification which would grve me the
advantage of being able to use both
systems. After all, if you are only cutting

indaxing, A few years ago, | had the use of
a dividing attachment that could be used
either direct or through the worm wheel

haxagons and the like, the accuracy of the
worm attachment is not always necessary.
If you have a quantity of hexagons to cut

as one does from time to time, think of the

adapter ring rather than having the indax
drilled directly on 1o the chuck body, ona
could use various types of other chucks,
the exception to this being tha standard

s i1 the Myford unit. Surely, | thaught, it

ought to be possible to carry out a Bin. 4-jaw chuck

hours one would save.
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J. The completed unit.

The back of the ring is recessed 1o
accommodats tha dividing haad spindle
collar, while the fromt is recessed 1o clear
the chuck shoulder. You may find that you
have to alter some of these dimansions a
little, dapanding on the type of chuck you
use. Mine is a standard 4in. 3-jaw
GRIPTRU direct fiting chuck, and as it
turnad out for me, the system was also
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Fig. 2

4. The index ring in pnmrum on the spindie nose,

suitable for my 4in. 4-jaw independent, the
4in. 4-jaw sell centring and tha 3in. 3-jaw
self cantring.

The ring is wide enough 1o accept two
index circles, so | chose 6 and 60 as this
range, | thought, would cover me for most
applications, In my instance, the material
used for this part was cast iron, but a steel
disc would do although the fermer
malarial is easier to drill. You also run less
chance of bhreaking the Slocombe drill
which ig used for drilling all the index
holes. In this respect, | would suggest that
you use 8 new ona for this oparation, The
ring, as you can see, is held in place
betwean the chuck collar and the spindle
shoulder because, as the wall thickness of
the index ring is only V/8in. at this point,
therae is still more than enough of the plain
part of the spindile collar left to locate the
chuck.

The Tin. diamaeter hole in the dividing
head casting, intended to accommodate
the extension steady. is used to locate the
new plunger index unit. This part of the
attachment can be moved along the length
of the hole and locked in place once the
corract indax ring has been salactad,

Since all the pans are quile
straightforward to make, | will only remark
on a couple of points to which one should
pay particular attention:-

{1) make sure that the bore of the index
ring is a closa sliding fit on the spindie,

{2} when machining the spring-loaded
plungar, make sura that it is also a very
naat fit in its housing, as any slackness
here will show up on the accurady of
location and dividing.

Tha pans for this attachment can be
made up in a few hours and will save
very many more hours, depending on
your indexing requirements, Finally, one
has to unscrew and remove the existing
quadrant bracket for this system 10 be
used, but this only takes a few minutes. if
you wish {although | did not do it mysalf)
one could possibly alongate tha two
mounting holes in the bracket, After
slackening off the two screws, this should
allow you ta shide the brackel out of the
way in order to disengage the worm. This
bracket Is also located with a key way,
which may be of assistance in this
respect.

The fiat which is machined on the side
of the plunger body can be used, along
with an engineer's square, to facilitate
correct alignment to the index ring.

The artachment only took a fow
minutes 1o set up and | was able to cut
my first haxagon in a fraction of tha ima
than it previously took. Thinks! why
didn't | come up with this idea before?
The next time | have some hexagon
screws 10 re-machine | will do so
willingly, in the knowledge that | do not
have to count to ten, multiplied by six for

each screw e
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HSE

Health & Safety Executive
Field Operalions Directorate Scotland

Head of Secfor : Mr S J North

Your Reference:

Our Reference: L0011

June 14, 2000

Dear Reader,

HEALTH & SAFETY AT WORK ETC. ACT 1974 -
PASSENGER CARRYING MINIATURE RAILWAYS: GUIDANCE ON SAFE
PRACTICE

The Miniature Railways Liaison Group has now completed its work on preparing a
free information sheet on the safe operation of miniature railways, miniature traction
engines and miniature road vehicles (ETIS 12) which you will see published in your
magazines. Copies are also available from HSE Books.

The next task that the liaison group has set itself is to up date and revise the
document previously published by the Railways Inspectorate entitled Technical Note
3. Guidelines on the application of the Health and Safety at Work etc Act 1974 to
miniature railways. This document was first made available in August 1992, Itis
now significantly out of date in terms of modern goal setting guidance.

The group has prepared a consultation version of the document which amounts to a
revised draft running to 23 pages. Those persons who are interested in commenting
on the draft are invited to write to my office. | will arrange for a copy of the drafft
document to be sent to you with a copy of the printed information sheet and a
proforma for your comments. Receipt of your comments will be acknowledged but
for practical reasons it will not be possible to reply to each person individually.

Comments should be sent in no later than 31 August 2000.
Yours faithfully
TERRY WILLIAMS

HM Principal Inspector of Health & Safety
Entertainment Section

375 West George Street , Glasgow GZ 4LW
® 0141-275-3077 @ 0141-275-3015

Reducing risks - protecting pecple
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Introduction

This information sheet is aimed at model engineers
operating miniature railways, minlature traction engines
or miniature road vehicles as a hobby activity, either
under the patronage of a club/society or as individuals.
It is relevant where rides are given to the public for
payment, either directly or indirectly, or, where the
activity takes place in a public place. In both Ihese cases
the Health and Safety at Work efc Act 1974 (HSW Acl)
applies. By following this guidance you will normally be
doing enough to comply with the law.

If the ride is operated in circumstances where the Act
does not apply, the information below may stil be helpful
to operators.

Organisations which employ people or operate
commercially will also need to refer to Fairgrounds and
amusement parks: Guidance on safe practice HSG175
and other relevant guidance issued, or legislation made
under the HSW Act.

This information sheet is needed because it would be
too siringent to apply the fairgrounds’ guidance to
private clubs and societies. Operators of miniature
railways, miniature traction engines or miniature road
vehicles need more specific guidance. However, the
fairgrounds’ guidance does contain useful information on
the management of health and safety by different
dutyholders when the public is involved. It is suggested
that you should obtain a copy for reference.

The guidance in this information sheet has been
prepared after consultation with the:

@ Federation of Model Engineering and Modelling
Societies;

® Ground Level Gauge 5 Association;

® Midlands Federation of Model Engineering
Societies;

e Northemn Association of Model Engineering
Societies;

® 7'/.," Gauge Society,
® Society of Model and Experimental Engineers;

® Southern Federation of Model Engineering
Societies;

HSE information sheet
Safe operation of miniature railways,

traction engines and road vehicles

Entertainment Sheet No 12

@ representatives of the model engineering press;
and

® representatives of model engineering
manufacturers,

It describes the application of the HSW Act to private
clubs, managing health and safety, risk assessment,
steps and checks for the safe operation of equipment,
reporting accidents and duties when buying and selling
equipment.

Application of the HSW Act to private clubs

The Act places general duties of care on employers and
the seli-employed to conduct their underiakings without
risk to the health and safety of others. Some of those to
whom this guidance is addressed may not fall within this
group of dutyholders, but their aclivities may create risks
to themselves, those who help them on a voluntary basis
and members of the public. HSE considers it good
practice for those who carry out such activities to provide
the same level of health and safely protection as they
would if they were dutyholders under the Act.

The Act also places certain duties on any person to
provide plant and equipment which is sale, so far as is
reasonably practicable, for the use by other people, ie
the general public, and for buying and selling.

Managing health and safety

Health and safety can easily be achieved and efiectively
managed by adopting the following key stages.

Setting your policy

Prepare a clear health and safety policy statement (see
following exampie). Attach to the policy statement details
of the organisation and arrangemenis (rules) for the
health and safety of everyone involved.

The ...........Society intends to conduct itself in such a
way that there is no unacceptable risk to the health and
safely of employees, members, visitors or others who
may be affected.

Members of the Society should realise that their acts or
‘omissions could affect the health and safety of other
people and other members of the Society. They should
theretfore comply with the Society’s own rules and
‘regulations.



Organising yourself

If you apply a system of steps and checks for all
equipment used, you will ensure that you operate safely.
This information sheet contains suggested steps and
checks. Individual operators need to set up similar
systems to those used by clubs or societies.

Planning and implementation

It is recommended that for each running session you
appoint a person-in-charge who has the authority lo
ensure that laid-down procedures are followed. Many
accidents are caused by human factors rather than by
equipment failures. Ensure that everyone involved in the
operation is competent, ie they have suitable knowledge
and expertise for any tasks they underiake. .

Measuring your performance

You need to monitor your safety record on a continuous
basis and particularly after any incident which has
caused an accident or near miss.

Reviewing performance and making changes

You need to carry out a review whenever circumstances
show that it is necessary and think about what changes
are needed, if any.

Risk assessment

You should carry out a risk assessment; this is nothing
moare than a careful examination of what, in your activity,
could cause harm to people. This then enables you to
decide whether you have taken enough precautions or if
you need to do more to prevent harm to people. The
outcome of risk assessment is more important than the
method used, The control measures which are identified
by the risk assessment need to be fully documented.

You should carry out a risk assessment regularly and
review it at least every three years, or sooner If
modifications or new equipment change the way you
operate. See the following example for guidance on the
ranking of risk.

' Risk ranking Action required
ks Hlvh Take immediate action to reduce risk
Medium Should be avoided - take action if
AT possible to reduce risk
Lﬁ' II Acceplable - but monitor the situation
Negligitie No action required - but don't be
' complacent

Steps and checks
Inspection

One of the ways you can reduce risk is to arrange for
regular inspections to be carried out by someone who is
competent to advise. This person will normally be a
member of the club or society concerned. In this context
‘competent” means they have the knowledge and
expertise in relation to the equipment concerned. These
people should know their own limitations and not be
expected to understand everything, If they are presented
with a particular issue outside their field of knowledge
they should seek the opinion of someone more suitably
qualified,

These inspectors need to be of such standing, and
‘independent’ in their judgement, that their views are
respected. 'Independent’ in this respect means that they
should not normally inspect their own work or anything
with which they have been closely involved,

Construction

It is important that all equipment that has any bearing on
safety is designed and properly constructed so as to be
fit for its intended purpose. Most equipment is designed
to well-proven standards and established practice.

The design and construction of any equipment that
departs from these established practices should be
assessad 1o make sure that Its safe aperation Is not
impaired. It is recommended that anyone who publishes
a design, checks that the design is safe. Supporting
information should be available. Designs are preferably -
checked before manufacture.

Initial test/first use

You need to ensure that modsis or equipment are
examined and lested before they are first used. Any
steam-powered model should undergo and pass an
appropriate boller testing procedure,

Maintenance

Maintenance should be carried out regularly depending
on usage, operating environment and where it is shown
to be necessary after any incident.

Periodic inspection

You need to inspect all models and equipment
periodically and subject them to re-testing where
appropriate. You need to record these periodic
inspections. Some equipment, eq boilers, will be covered
by other relevant testing procedures (see further
information at end of leaflet). The frequency of
inspections, like maintenance, will depend on factors
such as usage, operating conditions and the
environment in which the equipment is used, Older




equipment may, for @xample, require more frequent
inspection. i

You should ensure that a compatant person checks
those parts of equipment which could affect its safe
operation before any member of the public is allowed to
use or ride on the equipment.

Keeping records

You need to keep all inspection records for as long as
practicable, to anable a complete history to be formed
and to help with future risk assessments.

Reporting accidents

You should keep an accident book 1o record all accident
details, no matter how minor. Any accident arising from
a work activity and resulting in a member of the public
being taken to hospital for treatment must be reported to
HSE. Try to record full details, together with names and
addresses of wilnesses, as soon as possible after the
incident.

Buying and selling

When models or parts are sold, by the trade or through
a business, for use at work, or in a way which might
affect the public, the seller has a duty of care to ensure
that they are suitable for the purpose intended and that
sufficient information 1s provided for safe operation. If the
seller has no technical knowledge of an item (such as a
second-hand model bought through an agent) it can be
sold provided that the buyer is advised that safety
improvements may be necessary to bring the item up to
modemn standards. This advice should be recorded in
writing between the two parties concerned to avoid legal
action.

Private sales of equipment between individuals not
intended for use at work, or other use which in any way
might affect the public, are not covered by the above
requirements.

Further reading

Fairgrounds and amusement parks: Guidance on safe
practice HSG175 HSE Books 1997 ISBN 0 7176 1174 4

Management of health and safely at work. Management
of Health and Safety at Work Regulations 1999,
Approved Code of Practice and guidance L21 HSE
Books 2000 ISBN 0 7176 2488 9

An introduction to health and safety HSE Books 1997
INDG259 Free leaflet

Five steps lo risk assessment HSE Books 1998

INDG163(rev) Free leaflet; also available in priced
packs, ISBN 0 7176 1565 0

Printed and published by the Health and Safety Executive

Managing health and safely: Five sleps 1o success
HSE Books 1998 INDG275 Free leaflet

Passenger carrying miniature railways: Guidance on
safe practice Due to be published spring 2001

Further information

Boiler testing procedures are available from the
secretaries of the following organisations, namely the:

e Midland Federation of Model Engineering
Socisties;

" @ Model Steam Road Vehicle Society:

o Northemn Association of Model Engineers;
e 7', Gauge Society: and

®  Southern Federation of Model Engineering
Societies.

While every effort has been made to ensure the
accuracy of the references listed in this publication, their
future availability cannot be guaranteed.

HSE priced and free publications are available from
HSE Books, PO Box 1889, Sudbury, Suffolk CO10 2WA.
Tel: 01787 881165 Fax: 01787 313995,

Website: www.hsebooks.co.uk

HSE priced publications are also available from good
booksellers,

For other enquiries ring HSE's InfoLine Tel: 08701
545500, or write to HSE's Information Centre, Broad
Lane, Sheffield S3 7HQ. Website: www.hse.gov.uk

This leaflet contains notes on good practice which are
not compulsery but which you may find helpful in
considering what you need lo do.

This publication may be freely reproduced, except for
advertising, endorsement or commercial purposes. The
information is current at 05/00. Please acknowledge the
source as HSE.
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han first asked to provide this

saries, my initial reaction was

that it was very liksly (o be very
much a repeat of my series "The
Beginner's Guide to the Lathe”, featured in
the magazing a faw years back, and
thought therefore that it may not be such
a good idea. On reflection however,
realising that a project based guide was
being suggested, began 10 understand
that it was quite different. Of course, there
will be some duplication, but this is always
the case, even with articles from differing
authors if they caver a similar activity.
Having spent a short while as editor of
Model Engineers” Workshop, | am also
aware that many have limited time for
workshop activity and these, even if
experenced, will find the projects useful,
as most can be completed in a matter of a
few hours.

Machines

At this stage | do not intend to go into
detall regarding the iterms to be made
through the series, though some thoughts
on the required equipment is, | feel,
necessary. Of course a lathe is essential,
though for some this may be a machine
available at the local technical college. As
the projects are aimad at those with limited
turning expenience it will be assumed that
other processes (typically milling) are even
more of an unknown quantity and their use
in the series will therofore be limited, A
drilling machineg will be required, but using
the lathe for drillimg as an alternative will
be briefly considared,

The serias will be written assuming a
lathe of around 90mm bed to centre
height and fitted with at least 100mm
diameter chucks, Larger lathes are unlikely
to impact on the articles in any major way
though smaller lathes may impose some
limitations, $e comment may be made
through the series if considerad
appropriate, If 3 small Iathe i5 belng used,
then there may be benefit from making
some smaller than specified. In this case, |
would advisa taking copies of the
drawings and marking them up with the
new dimensions in advance of
manufacture.

Whilst the use of cutting tools with
replacaable tips coneidarably raducee the
amount of grinding necessary to produce
and sharpen |lathe tools, same specials are
bound to be required. An off-hand grinder
is tharetore & necassity,
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Chucks

Having dealt with the machines, there
are a number of accessories that are 8
must, suifable ¢hucks being a priority. In
viaw of their importance, o few words v;'!
advice are appropriate. Soma readers will

A taste of things to come
machining & casting

no doubt consider that, due to its ease of
use, a 3-jaw seli-centring chuck is the one
to acquire f funds will only run to one
c¢huck, but this is not 0, Whilst a 3-jaw.
even if old and worn, will be accurate
anough for most work, thare will ba a
significant number of instances where this
ig not the case. The beginner may not

1. Normal (right! and Reverse (left) chuck jaws
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2. Left- and Right-hand knife tools

even be aware that, when material is
placed into a 3-jaw chuck, the work plece
is unlikely to run true, perhaps a total
indicator reading (TIR*) of up to 0.1mm,
mora if measured at a point some distance
from the jaws. This can cause serious
problems with concentricity when an item
has to be removed and replaced, say to
work from either end. Even a so-called
precision chuck, with a price tag to go with
its accuracy, will be unabla to meet the
most demanding requirements. The 4-jaw
chuck with independently adjustable jaws,
is therefore a necessity as, heing able to
adjust each jaw individually, precise
centring is possible. Of courss, whera a 3-
jaw is adequate, | will use ona and this will
be evident in the published photographs.
Where a reader has only a 4-jaw, this will
be quite satisfactory, only slowing down
the aperation a little due to the effort
required to get the parn to run sufficiontly
true.

A very necessary accessary for the 3-
jaw chuck is the set of reverse jows, which
enables larger diameters 1o be held, These
may be seen an the right of Photo. 1. A
new chuck will always be supplied with
these additional jaws, but if you have
obtained a second-hand chuck, they may
well be missing. It may be possible (10
obtain replacements, but they would still
need to be ground in Situ 10 achleve
accuracy. A 4-jaw chuck may be used for
the larger diameters, as the mathod of
construction permits the one set of jaws to
be used either way round.

Changing the jaws on the 3-jaw chuck is
straightforward, needing only a little care.
One set is removed by turning the chuck
key in the opening direction until the scroll
which controls jaw movement disengages
from the curved grooves in the back of
each jaw, when it will be possible to
remove the jaw from its siot. Examination
will revaal that slots and jaws are
numbered. These must always be
matched, and the jows replaced in order,
1.2and 3.

To re-fit either set, turn the key in the
closing direction until the leading edge of
the acroll approachas slot No. 1 (turn until
the scroll is just in view then turn it back a
fraction). Push No. 1 jaw hard into the slot
and turn the kay in the closing direction
until the scroll engages with the jaw, Move
1o No. 2 slot, then No. 3. repeating the
process each timae. Correct assembly can

be checked by completely closing the
jaws. Any error will be immediately
obvious.

Indepandent 4-jaw chucks also have
their jaws numbered and should be
assembled with like numbers together,
though they will, of course, go together in
any ordar.

No matter what type or size of chuck or
variety of jaws used, it is necessary to be
aware of the maximum size of work which
can be safely accommodated. The data
supplied with it when new should make
this clear, that for my 100mm chuck
quoting a maximum of 33mm. Whilst the
jaws will open and grip even more, some
of the scroll disengaging from the teeth on
the Jaws, placing more load on those
remaining engaged. All too often, jows are
found to have broken teeth, so il is not
advisable to go beyond the maker's
recommendations. If these are not
available then careful observation of the
scroll (visible when the chuck is opened)
and its angagement with the jaws, should
make the limitations clear. If the chuck has
three scrolls then, for light duty work only,
opening to a peint where only two are
being used may ba acceptable.

The Fixed Steady

| consider this to be a very under-
estimated lathe accessory. Many
operations would, at best, be very difficult
withoul one and in some cases, 1otally
impossible

Cutting tools
Knife tools

A variety of cutting tools will be
reqquired, with the knife tool being that
most usad. This comes in both left- and
right-handed versions, as can be saan in
Photo. 2. There is often confusion over
the terminology because the one widaly
known as the right-hand has its cutting
edge on the left face and cuts to the left
(towards the chuck) and vice-versa. The
origin ssams to ba that, il used as a hand
tool, the name is taken from the hand in
which it would naturally be held, and | will
keep to this convention throughout the
saries.

Because of the potential for arrox, |
would advise caution when purchasing

such tools - make it clear in your order the
precise form of the tool required. Knife
tools may be ground from high spaed
steal or may be bought ready made with
brazed tungsten carbide tips or as
replaceable tip tools

Boring tools

Boring tools will also be needed, one
suitable for a minimum bore of 8mm of
around 20mm deep and another capable
of dealing with larger diameters - 20mm
and more, with a depth of 50mm. The
smaller toal will mast centainly be ground
from high speed steel, while the larger
could take the form of an inserted high
speed bit in a larger bar or be a
replaceable tungsten carbide tip type.

Parting-off tool

Parting-off is probably the most
dreaded of all turning operations, but is a
task that must be conquered, oving
the part from the chuck and cutting it off
with a hacksaw whilst it is held in the vice
i% & possitulity, and one that we shall
adapt initially but hopefully, before the
end of the series, parting-off will have
been mastered.

I know that many will be tempted to use
the hacksaw to cut off a part whilst it is
still held in the Isthe - we all have. | would
strongly récommend against this because,
aven with a bleck of wood 1o protect the
lathe bed and the saddle moved well
down the lathe, it is still possible to catch
ones knuckles on cutting tools or other
sharp projections, What must NOT be
done UNDER ANY CIRCUMSTANCES is to
carry out this operation with the lathe
running.

We therefore need a parting-off tool
with say, 8 1.5mm wide tip for diameters
up to 20mm and a second wider tool, say
2mm for diameters up to SOmm, Whilst
these can be usad mountad in the
conventional position on the top slids, the
availability of a rear tool post will
significantly ease the task, so the
acquisition of such an accessory cannot be
too strongly advised, particularly if larger
diameter work is to be handied, A roar tool
post is a relatively simple object to make
and would form a worthwhile project,

Special form tools

Some spacialised tools will also be
required for operations such as thread
cutting. These will best be discussed at the
point in the series where they become
necessanry.

Dial Test Indicator
(DTI#)

A Dial Test Indicator is required, as
componanis for sorme projects will need
centring in the 4-jaw chuck to a level of
accuracy which is difficult by any other
means.

Smaller Items

Hard and Soft centres and sultable
driving dogs will be necessary for turning
betwean centres, When facing the end of a
part supported by the tailstock centre,

Model Engineers’ Workshop
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ENABLING A KNIFE TOOL TO
| TOTALLY FACE THE END OF A

| WORKPIECE BY USING A HALF
CENTRE

USING HALF CENTRE

SKi1

' WORKPIECE

machining the end fully to the drilled
centre is impossible if a conventional full
hard centra is used. The method of
overcoming the problem is to use what s
called a "half centre’, In fact, it is more a
case of a ‘five eighth’s centre’ as it is not
cut away totally to the centre line. Tha cut-
away permits the gutting tool to access the
face of the workpiece right up to the
drilled impression (see drawing Sk 1). 1
use & small half-centre made from silver
staal, held in the tailstock drill chuck. This
avolds the expense of an additional centre
and is quite adequate for finishing the end
of a part otherwige turned between
conventional centres. Why not make this a
mini project before trning stans in
earest in the next issua?

A drill chuck, complete with an arbor to
match the socket in the tailstock barrel
(usually a Morse taper) will be required, as
will a 25mm (1in.) outside micrameter.
Additionally, a larger micrometer (25 to
60mm or 1 to 2in.) will be useful, as will
be a 150mm vernier. Other simple ltems
will be required and we will attempt 1o
muake some of these as the work
progresses. In fact, some of the items
required will have to be made, as they are
not available commercially. An imponant
lesson to leam here is that, even if a task
can be undertaken with the equipment 1o
hand, it can oftan be carried out mare
simply, more quickly, or more accurately,
by the addition of a simple home-made
accessory. Examples of this will certainly
surface during the series.

Material

The materials required will be detailed
with each individual project and, in the
case of mild steel, ara likaly to be of sizes
that arae already available in an established
waorkshop, though some larger sizes will
no doubt have to be purchased.

| would strongly recommaend that all
mild steel should be of a genuine fres-
cutting grade, perhaps necessitating the
purchase of fresh stocks from a reliable
source, rathar than relying on unknown
materials that are to hand or acquired as
‘lob lots” on the surplus market.

If, as a beginner, you have yet to build
up a stock of materials, do ensure that any
materials you purchase are of a known

August/September 2000

grade, as one supplier's so-called ‘free
cutting mild steel’ may be quite different
from that from another. | would suggest
steel to BS970 1983 rel. 230MO07 is
obtainad, (very similar 1o the older
specification BS970 1955 raf, EN1A, still
frequently encountered) and an end
marked with an identification (perhaps
simply stamped FC), so that its grade is
known whan used in the future - but don’t
forget always to work from the unstamped
end!. For non-UK readers, 230M07 is an
international standard and is likaly to be
recognised by your local supplier,

Even more easily machined is a similar
grade, but with lead added, having the
reference of 230MO07Pb (EN1APD). The
lead content makes it very easy to
machine, but makes it unsuitable for
welding. It is, of course, a little more
sxpensive and not available in as wide a
range of shapes and sizes.

| cannot stress to strongly the benefit of
taking such an approach, advice given from
bitter axpenance. My recent project, a gear
hobbing machine which featured in
previous issues of this magazine, had two
almast identical spindles, one having a
slightly larger chamater than the other.
Having completed the first satisfactorily, |
was surprised to find that the finish being
obtained on the second was much inferior,
Using the same tools, but re-sharpened in
viow of the problem, trying differing speeds
and feeds were all to no avail. The only
answer was that the material, being a
different diameater. was of a differant grada.
| have for, soma time, purchasad anly
230MQ7 and marked it on ane end for later
recognition, but this was obviously material
obtained before | took this approach.

In arder to give soma expanance in
turning cast iron, one of the later projects
salectad uses a casting which is readily
available for a faw pounds from ané of the
regular advertisers, Another project will
require two ball bearings, but again of a
type which are not that expensive, so that
the saries will provide a ranga of usaful
items, but with refatively limited expense.

R

3. The Mini gauge being put to use before the fine adjustment system was fitted

In-depth detail

With the series being aimed at the
beginner, descriptions and photographic
evidence (often more useful than the text
for complex set-upg) of methods used will
be more extensive than is the norm.
Machining operations will, in some cases,
call for greater precision than perhaps is
necessary, purely to acquire the
experience of working to fine limits,
Similarly, set-ups will err on the side of
caution, both for safety and experience,
typically in the use of the fixed steady
where perhaps, with greater first-hand
experience, the use of a steady could be
avoided. | would therefore say, please do
wark to the methods described, then, in
the future, taking your own approach
when knowladge of the various operations
and the ability of the machines you are
using is gainad aver years of use.

The newcomar may be forgiven seeing
the turning process is being simply a
matter of choosing the correct cutting tool
for the joh. the correct speed, the correct
rate of feed and making a decision as to
whaether or not 1o use a cutting lubricant.
As important as thesa factors are, they do
hava considerable tolarance as to thair
choice, but in most cases, the critical
decisions are the methods to use -
typically, whether to use the 3-jaw, 4-jaw,
faceplate or to turn between centres. Of
aven more impanance, in many cases. is
the sequence for carrying out the
machining of 4 componant. It can ba very
frustrating to have machined a part to a
stage where it is found to be difficult to
progress further because of problems in
holding it securely and accurately for the
remaming operations, An example of this
wouwld be the need 10 suppornt a part with a
fixed steady, but not having left a suitable
portion of the component where the
steady can be applied. Frequently, the
difficulty in machining a part will be due to
its design and if this is someone else’s,
there may be less scope to ovarcoma the
problem, though some minor changes
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may he possible. if you are producing
your own design, then manufacturing thae
item on the available machines should be
an essential and sarly consideration of the
design process.

Metric dimensioning

Much has bean written reqgarding the
use of metric dimensions as opposed to
Imperial, and this is not the place 10
expand still further on the subject.
Components described in this series are
though dimensioned almost exclusively in
metric (or. more correctly in ‘Systame
Internationale’ or S} units. Only whera a
part is to marry with & genuine Imparial
dimension will the Imperial value be
given. Realising that many readers will
have Imperially callbrated machines, some
guidance is necessary, sspecially as the
articles are aimed at the novice.

The complications in working to
metric dimensions on an Imperial
machine are much overstated, In fact, it
is quite easy, so replacing your
machinery with metric calibrated ones is
quite unnecessary, the answer being in
having meltric measuring equipmearnt,
rather than converting the guoted
metric dimensions to thoir Imperial
equivalents. Many measuring
mstruments such as rules, verniars and
height gauges are dual ealibrated, so we
are left only with micrometers.
Purchasing a 0-25mm micrometer and,
if possible a 25:-50mm one, 1s a
ralatively cheap way out of the problem
if the approach described below is
taken. In recent years, the advent of
alactronie digital measuring aguipment
has given us the best of both worlds,
conwersion between the two systems
being achieved at the touch of a button.

When carrying out machining
operations faw, if any, will attempt to
arrive at the final size by taking just one
sizeable cut, but will work on the basis of
measurs, large cut to get closer to size,
measure, small cuf to get very close,
measure, final very small cut to arrive at
size. With that approach, the following
will make working to matric dimensions
on an Imperial machine a very pasy
operation.

Measure the part and determine how
many millimetres have to be ramoved:
set the depth of cut on the basis that
Tmm éguals 0.040in. (40 thouw.). This
will, of course, intreduce a small error,
but as the part is to be measured again
betare making & further cut, the error
will be of no importance. When getting
closer to the size required, work on the
basis that 0.1mm equals 0.004in, (4
thouw,). Again, this will introduce an
arror, but now very small, this being
eliminated by further measurament.
Depending on the lavel of precision
required, this lagt approximation may
get you close enough. Howevar, if the
part requires still greater accuracy than,
alter measuring, work on the basis that
0.01mm equals 0.0004in. (0.4 thou.] As
0.01mm actually equals 0.0003937in.,
this is an error of 0.0000083in. which is
guite insignificant, even if you are
taking a cut of, say, five times this
amount.

The point to realise is that the errors
introduced by using these conversion

Madel Engineers’ Warkshop
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in the first part, few

‘would be prepared to

 scrap this if a small

| adjustment to the size of
| tha second would permit
| a successful outcome.
Understanding the
drawings is therefore an
| essantial part of this
approach,

The next stage is 10
make sure that you have
the required materials

| and the necessary tooling
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- drills, taps, dies etc.

Finally, as far as is
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factors are being eliminated at each stage
by the part baing succaessively measured
using metric dimensions.

Our lirst project - A
Mini Surface Gauge
Often, when marking out very small

itemns on thie surface plate, a conventional
size surface gauge is unwieldy, so our first

August/Septembear 2000
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EL |

" to overcome this by providing
us with a mini gauges. Its design (Fig. 1) is
| somewhat unconventional, intentionally
| $0, @5 it is intended 1o be made using just
| basic parallel turning. The almost
| completed gauge is seen in Photo. 3,
though at the stoge the photograph was
taken, the adjustment assembly had not
| been fitted.

The approach to a project

| Having decided that a project is to be
| undernaken, there are a numbar of
| preliminary actions that should ba
considered a must, First, and vitally

_ important, is to study the drawings so
that you fully undarstand what has to be
made and, in particular, how the parts
inter-relate. In industry, pant drawings
would include tolerances, so that parts
made at differant times, and perhaps in
different locations, can be guaranteed to
fit togethar when brought togsather for
assambly. In the home workshop this is
rarely necessary as the second part can
often be made to fit the first, regardless
of the actual dimensions. If tolerances
waere quoted and a small error was made

s =

© ]

ltem 6 Adjuster Nut
- 15mm DIAMETER 230”07 STEEL

practical, detarming the

manutacturing mathods

going through the

process in the mind and

jotting down the salient

points.
| Soastogetthe first
@ project off to a flying stan
| tharafors, the drawings

| for the gauge are

published in this issue,

This will enable you to

study these in detail,

| ensuring that the

| required materials and
tooling can be available
for a prompt starn with

| the publication of the
next issue. However. in
this case, do not star to
make the itam or aven
give undue thought to
the method of
manufacture, as this will
be the major purpose of
the content of the naxt
instalmeant.

A

|
 Terminolog)
|

For the bencfit of
newcomears to the hobby
- ' it may be helpful if I
mcludn a fnw definitions of terms
(indicated thus *), which may not have
baen encountered praviously.

TIR. Total indicator reading When a parnt is
running out of true an indicatar will deflect
positively on one side by the amount of
the eccentricity, but at 180 deg, from this
position, the deflection will be negative,
again by the same amount. The
movamant of tha indicator is therefore
twice the value of the error and is called
the Total indicator reading’.

D71 Dial Test Indicator. Strictly speaking,
this is a measuring Instrument for
measuring small differences in position. It
wsually has a small swinging arm which
is applied to the workpiece, and
maasuring range is of the order of only
+/- Tmm. This compares with a ‘Dial
Gauge” or 'Dial Indicator’ that senses
movement by means of a direct acting
plunger which bears on the workpiece,
and which has a range of 10mm plus.
Tha two terms are often confused and
used intarchangeably, even in
manufacturers' catalogues. Of course »
Dial Indicator or Gauge can be used in
place of a Dial Test Indicator, but will
usually be less sensitive. g
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TRADE COUNTER

Please note that, unless otherwise stated, Trade Counter items have not necessari
and services which have been brought to our attention @

give news of

consider may be of interest fo our readers

Low Melting-point Alloys
from MCP

A new leafiet from Mining and Chemical
Products lists sevan MCP low melting -point
olloys formulated for precision maodelling
and casting.

Pointing out that low working
tem peratures (balow 300 deg. C) allow
cheaper mould materials to be used, the
leaflet highlights features general to the
range and provides guidance on their use.
Tha constituents and properties of each
gracke are itamised in a tabls,

Melting at temperatures between 126 and
245 deg. C, MCP alloys are manufactured
under 1SO 9002 quality-control standards
from virgin materials to ensure consistant
performance and reduced scrap levels. They
include grades particularly suited to fine
detailing, high surface finishing, large
modealling, hand casting and polishing,

Two lead-free grades are available, one
of them a pewter-type alloy complying with
the latest EC legisiation.

Mining and Chemical Products Lid, The
Mill House, Laverstoke, Whitchurch, Hanis
RG2Z8 TNS (Tel. 01256 897200) .

Spring/Summer 2000
Book News from Camden

The latest book list from Camden contains
72 pages, each of which appears to be
packed with more information than ever. The
first section, covering a dozen pages or more
is antitled “Enginaering Practica and Skills"
and lists ciose 10 300 books, magazines and
videos covering togmcs as diverse as
blacksmithing and building a spark eroder,

Other sections list publications covering
all aspects of the use of steam power on land
and sea, industnal archaeology, aviation and
all recognised branches of maodal
engineering (plus 50ma not 50 widaly
recognised!).

4z

Book News is an entertaining read in
itself, and well worth a call to Camden.

Camden Miniature Steam Services,
Barrow Farm, Rode. Bath, Somerset BA3

6PS Tel 01373 830151 Fax. 01373 830516
Wab Site: Avww.camdenmin.co.uk

A New Range of DUPLEX
Brand Machining
Accessories

As reported in recent issues, the well-
known name of DUPLEX is now an
integral part of the Boneham & Turmar
product range and is being promoted by
tham as product grouping aimed at
widening convantional machine tool
application at an economical cost. The
brand name and the rights to manufacture
the DUPLEX range of economically priced
arinding heads and toolpost grinders was
acquired by B&T during 1999. These have
now been partially re-engineered and the
saries added to by the Mansfield based
firm.

A now motorised rotary table which has
the ability to accept tee-slotted face plates
up to 225mm diameter or magnetic and 3-
jaw chucks has been developed and is
aimad at the same aconamically priced
market sector as the rest of the range. Itis
driven via a toothed beit from an infinitely
variable 24v DC maotor to a speed of 150
rpm. The table baarings are heavy duty
angular contact capable of taking up to 30
Kg centred load or an accentrio load of 20
Kg at 100mm radius. The body casting of
the unit is alloy to reduce weight.

Boneham & Turner Limnited, Nottingham
Road, Mansfield, Nottinghamshire NG 18

4AF Tel. 01623 627841 Fax. 01623 429003
www. boneham.co.uk

New high accuracy torque
wrench

Of particular interest to anyone involved

been tested. We
which we

Y = gy _ealk

in engine assembly will this new miniature
torgue wranch from Norbar Torque Tools
Ltd. Designated the Model b, it covers the
range 1 -5 Nm and offars the conveniance
of interchangeable Yuin. hexagonal bits as
well as a Yuin. square drive which can be
rapidly removed and replaced with
another fitting.

The Model 5 is claimed to be accurate
to +3%, which exceeds the +4% tolerance
allowed by 1SO 6789 for torque wranches
and is half that allowed by the standard
for screwdrivers.

This high accuracy makes the Model 5
ideal for light assembly wark in electro-
machanical applications such as automatic
gearboxes and fuel injection systems, the
electronics industry, aére- and model
engineering.

Unlike most other miniature torque
wranches the Model 5 s said 1o remain
accurate regardless of the hand position
on the wrench.

The Model 5 comes with a carrying
case which has space for storage of
additional bits and the optional stepless
ratchet.

Each Modal $ hag a traceable
calibration certificate issued by Norbar's
UKAS accredited laboratory 1o satisfy an
IS0 9000 quality assurance system.

Pre-sat "P” Types are aigo avaiiable for
applications where users are not
authorised to adjust the torque setting.
The pre-set varsions have a scale so that
the torque satting can be seen at a glance,
but not adjusted. “P” types are supplied
with coloured end seals to identify the
wranch for example to the torque setting
or a particular operator.

Both the adjustable and pre-set Model 5
wranchas are available in three versions
with scales: 1 -5 Nmy; 10 - 50 IbLin; or 10-
50 kgf.cm.

Norbar Torque Tools Ltd., Beaumont
Road, Banbury, Oxon. OXT6 7XJ Tel.
01295 270333 Fax. 01295 753643
httpiwwwinorbar.com E-mail:
enquiry@norbar.com

Model Engineers’ Workshop



Development

This project started about four years ago
when | needed to grind the jaws of my out-
of-true and bellmouthad 3-jaw chuck. The
only source of power that would hold a
‘mounted point’ was a mini-drill that |
occasionally use o de-burr pans. The mini-
drill looked small and not very pawerful, but
| was desperate, so | tried it and it worked
(Photo. 1). The operation took quite a time
and the rigidity of the drill bearing housing
leeflt a lot to be desired, but | don't envisage
grinding the chuck jaws more than once
every ten years, so | was not unduly
concamed.

About thres years later, 8 night school
friend, interested in radio-controlled
alrcrafi, decided to make a miniature jet
engine. During it's construction | made
some suggestions as 1o how to improve
the balance and smoothness of the
turbine assembly which runs between 80
and 120,000 rpm. Eventually | was asked
to machine some lost-wax turbine
castings which had been made from
Inconel 713C. The hole through the centre
s Bmm diamater by 13mm long and
needad 1o be parallel and have a
diametral tolerance of -0.000in. to
+0.001inch. Until | actually got to machine
one, | had expected to hald them in a jig,
then drll, bore, face and with a ‘doctored”
reamer get the tolerance aasily, Bewara!
Inconal T13C is a very exotic material - the
reamer would not touch it and high-speed

1. The original application of the mini-drill - re-grinding the lathe

chuck jaws

August/September 2000

drills and boring tools needed regrinding
about three times, no matter how slow |
ran the machine or what cutting fluid |
used,

To cut a long story short, | ended up
using a ngsten carbide 7.5mm dia. drill at
150 rpm, which lasted about four hales
before a regrind, then boring with
tungsten carbide boring tool, 0.002in, cuts
at 150 rpm. | still couldn’t get a parallel
hole, neithar could | get the correct
diamaeter. By now, (after about three weeks
on the turbine job), all | had was a jig and
four or five 7.5 to 8mm holes, none of
which was anywhere near the standard
required. Based on the 3-jaw chuck
experience, | decided (actually | had very
litle chaice) to try grinding the haoles, still
using the mini-drill and the toolpost halder,

assembly

2. Finishing the bore of a cast turbine wheel using the new quill

but this time wsing a separate rigid quill
housing (Photo. 2).

My main doubts were:-

i. would the bearings soak up too much
maotor power?

i, would the motor burn out before | had
finished the required number of turbines?

Maither happened, the motor ran cool
and the quill ran at virtually undiminished

speed.
The toolpost grinder

The general arrangement of the
toolpost mounted holder for the mini-drill
is shown in Figura. 1. All the dimensions

=
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given in the anached detail drawings are
thoss required o suite my Harrison LS
lathe, the MB160 mini-drill and two off
Yain. bore ball races found in my odds and
ends box. | used cast aluminium for the
toalpast holder, a piece of 2'in. dis. HE3D
aluminium acquired from night school for
the quill housing and a bit of round
stainleds for the quill itsell, Most metals
will do the job, but stick to steel for the
quill. You will need to adjust the
dimensions to suil your own lathe,
bearings and dnill,

ltem 1: Toolpost holder

The mini-drill was supplied with a
plastic ring for use in the pedestal drill
clamp. | used this ring to allow a little
compliance and to protect the field
windings. The shank, milled to fit the
toolpost, was held in the toolpost and,
with a centre drill in the headsiock, the
position of the drill body centred. Tha drill
clamp hole was bored to take the plastc
ring ta a comfortable push fit. The clamp
seraw hole was then drillad, eounterbored,
tapped and the 45 deg. faces cut, but |
found it advisable not 1o cut the clamp slot
until the whaole thing had been test
assembled.

Item 2: Quill Housing

The important points with this item are
concentricity, i.e. ball race housing to
tooipost holder, location spigot and the
light push fit of the ball races in the
housing. The latter is a bit of a problem
because it is way down at the bottom of a
3sin. deep hole. The piece of 220, dia.

HE30 aluminium for the housing was 4in,
long and was first roughed out, both
inside and out, leaving about 13zin, all
round. | then finished turned the front
outer form, the 0.44in. dis. bore and the
inner oil recess (Figure 2).

The next operation was not the obvious
one. Milling the four side cut-outs made it
aasier L0 see, through tha rotating
windows, what the tool was doing when
boring the ball race housing, With the
work held by the outside of the ball race
housing, the toolpost holder spigot and
location face could be machined, Boring
the housing required a very stiff boring
tool. Achieving the required bearing push
fit was made sasier by using the ball rece
as a plug gauge. A piece of screwed rod
was fitted through the bore of the race,
securad with twa nuts and washars to
stop swarf getting into the ball tracks
(Figure 3).

The next step was to de-burr and radius

the edges of the cut-outs, but the holes for
the toolpost holder bolts, the bearing
clamp and the oil filler were left unil loter.
| went on to make the quill bearing
assembly parns.

ftem 3: Quill spindle

The hole for the mounted paint, the
spindie diameter and the drive shank must
be concentric and the spindle needs 1o be
a light push fit in the bearings. | achieved
this by holding the round bar in the 3-jaw
chugck with about 2'zin, protruding and
then:-

1. Tumning the spindle nose with it's oil
filling lip then drilling. baring and reaming
the mounted point hole.

2. Using a lefi-hand knife tool, turning the
Yain, diameter to size +0.0005in. to
+0.001in.

Fig. 2 -HJ _[ ROUGHED-OUT FORM |
| T — 31
e e N

]
i
|
|

3 JAW

CHUCK —— FINISHED OUTER FORM
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3. Bringing the bearing location of the quill to size. Extreme care

needs to be exercised when carrying out this operation

3. Turning the 0.120in. diameter drive
shank before parting off. This produced a
quill with all its diameters concentric, but
tha bearings still would not fit

4. With the spindle held in the 3-jaw
chuck by its nose, tha requirad fit for the
bearings was created by reducing the
Vain. dia. section with fine emery cloth, A
word of warning here -THE FINGERS
MUST BE KEPT CLEAR OF THE CHUCK
JAWS AND THE STRIF OF EMERY
CLOTH MUST NOT BE ALLOWED TO
WRAP ITSELF ROUND THE ROTATING
WORKPIECE, It must be backed by a firm
strip of material - | used a Gin. steel rule.
This operation is best done fram
underneath the spindle so that you can
see where the materisl is being taken
from. If you have machined the spindie
to more than 0.002in, oversize then do
the same thing but with a very smoath
file, then follow with th# emary cloth
(Photo, 3).

Item 4: Bearing clamp plate

There is nothing complicated here, it
just being necessary to make the O/D a
close clearance fit in the housing and
clamp it in position through the quill
hole. To mark the holes out on the
correct radius, | made a small punch
from silver steel (Figure 4) and used it as
showit. It can be used for these holes
and the three housing to toolpost holder
holes. If you are using aluminium for the
housing, then the punch won't need
hardening.

ltems 5 & 6: Quill clamp
and onier bearing spacer

The outer spacer length was established
by measuring the depth of the guill housing
{an electronic verniar is parfect for this),
subtracting twice the bearing thickness and
adding 0.005in. This additional length
provides adequate ‘nip’ on the bearings
whan assembling tha enompaonants to drill
the oil and clamping screw holes. Don't drill
them until you reach that stage,

Bearing assembly
| would suggest that anyone attempting

this project ahould turn up two dummy
bearings, O/D - 0.002in., 1D + 0.002in. and

AugustSeptembear 2000

Fig. 3

4. Dressing the mounted point with a carborundum stick
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axact width, It is possible to usa tha
bearings themselves, as | did, but itis
difficult 1o get the drilling swarf out of them
and | would use dummiaes naxt time, With
the (dummy) bearings, the quill clamp and
outer spacers assembled and the clamp
plawe screwed on the quill spindle was
insarted and held in position with finger
clamps across the spindle nose and the
front housing cut-outs (Figure 5). With all
held secure, it was now possible to drill
through one side of the housing and the
two spacers and to just dimple one side of
the spindle. After dismantling and
thoroughly cleaning the bearings (or
discarding the dummues), the hole in the
quill clamp (tem §) could be tapped 4BA
and a second hole drilled opposite. With
the elarmnp assembled back on the spindle
and locked it into the dimple with a quill
lack screw (Item 81, the second dimple was
produced. Dismantled again, the other side
of the quill clamp was tapped, It is
necassary o mark up which end s which
and also which grub-screw goes to which
dimpla.

The two remaining jobs were to open
oul the hole in the outer bearing spacer
(iterm 6] to “1sin. and to drill and tap the
quill housing ol hole out 2BA. A small frat
formed o seating for the oil plug. It was
now timae to thoroughly clean and de-burr
all the bits ready for the final assembly,

Final Assembly

The sequence | used was as follows:-

Fit the front bearing, the outer
baaring spacer (ltem 6) and the oil filler
plug {item 12) through the outer hole 1o
locate it.

Slide the quill spindle (ltem 3} Into
position and stide the guill clamg (lvem
5) complete with quill lock screws (ltem
8) over the spindle followed by the back
baaring, then clamp the assambly
together with the bearing clamp plate
{ltem &) and screws (ltem 7).

Remove the pil plug and tighten the
two guill lock grubescrews (Item B), thus
clamping the quill between the front
bearing and the spacer. This controls
the quill endfloat, along with thae min-
drill when the chuck is tightened.

The next operation was to position
the quill housing anta the toolpost
halder, clamping them together and
centre punching the position of the
holes with the same punch as before.
After drilling through the flange to spot
the tool holder, the holes for the
retaining screws were drilled and
tapped 6BA, allowing a test assembly of
the whole unit.

All that wae laft to do was to trim
around the holder flats, saw the clamp
slot, fit the clamp screw and the job was
finished.
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5. A plug gauge is used to check the bore
size

Using the unit

| find that "'mounted point’ shank
diameters vary, That | why | fitted four
clamp screws (like a 4-jaw chuck) so that
they can be set to run true. Before the

Fig. 4

~——={ p=—— SPECIAL SILVER STEEL PUNCH
DIA, OF SCREW HEAD + .01"

HOLD TOUCHING HOUSING

unit is run far any length of time, the
bearings must be lubricated. | used a
centrifugal fling type seal 1o save power,
but expected lots of oil loss. In practice
a good squirt of sewing maching oil at
the start lasted 40 turbines - about 4
hours running.

During its use it will be necessary (o
dress the mounted point, but diamonds
are very expensive so | use a
carborundum stick, very lightly hand-held
against the mounted point. | did 30 turbine
holes with one '4in. diameter point before
it was wormn out (Photo. 4).

Take as little material as possible off by
grinding, and to this end it will help if you
arrange to bore and grind the work at the
same setting, Don't try measuring the bore
with callipers, they are not accurate
enough, Before you start, make yourself a
plug gauge with as good a finish as
possible - something like the one shown in
Photo. 5.

Touching the work can be a problam,
especially if the metal being ground
dousn’t produce sparks, | find it bast 1o
set the grinding wheal about half way
down the bore of the hole and, with the
work and the wheel rotating, move the

Fig. 5

crogss-slide until the mini-drill revs drop.
Note the dial reading and use this as an
approximate zero. A cut of 0.001in. a side
is reasonable maximum | found that
abowt four passes to and fro increased
the hole diameter by about 0.00%in.. In
other words, it is necessary to be patient.
Things happen slowly, especially if
accuracy is the criterion. Check
frequently with the plug gauge and
bewara of the hole becoming bell-
mouthed, | had the work turning forward
at 150 rpm and mainly traversed out of
the hole at 0.020in /rév., or by hand if |
wanted 1o concentrate on & particular
place,

Safety

Whenewver the mounted point is out of
the work SWITCH OFF, Newver try the plug
gauge in the hole when the mounted
point is running. The plug is sure to grab
In the hole at some point and 1o remove It
you will have to twist and pull hard,
causing it 1o come out in a rush, A fas
turning mounted point hurts, at the very

least! E

Happy grinding.
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Item 2
Quill Housing - 1 off
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SPRING IN
YORKSHIRE

Some items of inferest from

the 7th National Model

3. Paul Bowler exhibited ;
a useful machine vice.

y putting the date of the Harrogate
BExhihmnn back by about a month,

the organisers managed to find some
sunshine for this ever-popular event. This
was particularly appreciated by the ‘live
steamers’ operating outside the Flower
Hall and by those exhibitors located in the
two tented annexes to the main hall, It had
bean hoped that tha promised extension
to the hall would be available this year, so
that these annexes would not have baan
raquired, but this was not to be. We live in
hopa for naxt year.

As always, this avent was well

supported, attracting a total of 38 clubs

and sociaties and
64 trade stands. The

4.As-m'nghud-surhcd‘ :
Alan Jeeves in :hasepagessmr
Nawby of Tyneside SME.

number of exhibits
was pleasing, at over 1000, but the
majority of these were on the club stands,
which prompted Chief Judge, Jim
Burlingham to appeal 1o the clubs 1o get
their mambears to enter in the compelitive
gactions. The gquality of the axhibits in all
areas was high,_ and there is no doubt that
a numbear of the items an loan would have
won awards, particulatly as, this year,
marking was against a standard for
certificates, rather than on a 'First, Second,
Third”’ basis

Also new this year was the introduction
of & numbar of trophies, presented by
‘Friends of the Exhibition’, creating a fine
display of silverware. As in recent years,
my colleague, Mike Chrisp of Model
Enginaer and | ware priviledged to be
invited to take part in the presentation
ceremony, an event which always gives us
great pleasure. Mike will be reviewing the
notable models in M.E,, 50 | will
concentrate on a few highlights of the
workshop equipment on display.
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dividing device.

6. Barry Jordan’s complete collection of small machines was nicely
displayed. His milling machine was awarded a First Certificate.

7. Contributor Derek Brown was delighted to see a number of sets of

i . - - 8 Bradford and Distriet Model Enginsering Socisty won
small pipe bending tools to the design which he described for us oy > g

racantly, remarking that all were displayad in cigar boxas similar to the g:'s N;ﬂ;vsm A;’m"""“ of Model Enginsers Shield for the
one shown in the article! This example was by M Proctor of the & b Stand.,

Scunthorpe Society

& Steat’ mrmwmr S

mmmuw Turmer -
‘and a st of &m'dirig mﬂs hv
ﬂhrmln Sheatd,

Just two First Certificates were awarded Machine, The former was also awarded from Mortharn lreland desarvedly waon the
in this category, going 10 Malcolm Leafe the new Chester Shiald, presented by our Barry Jordan Trophy for Best in Show with
for his Tool and Cutter Grinder and to friends at Chester UK, his brlliant model of a Pumping House.
Barry Jordan far his Precisian Milling Contributor Raymond McMahon, aver This delightful exhibit has been marvelled
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13, Jim &ﬂmfur af the Leeds
ety e fed his betyde
cofitres hor tal millin
attachment for a lathe
"

at by all who have
seen it at recent
axhibitions.
Raymond also gave
us a sneak preview of
his Iatast project. a
piece of warkshop
equipment, the
deseription of which
wa hope will grace
these pages in the
not too distant future.
Tha friandly
atmosphere ot this
event and the
hospitality provided
by the organisers
makes this a
highlight of the year.

We look forwardto g g T i 16. ExhibitioniManager, Lou Rex (pictured right) mad# fhehaw for
next ime. SR the Chester Mini Latha donated by Chris O'Harp of Chagtar UK (left)
B A= ; The winner was Stephen Walker of Kirkby in Ashiield, . a8

eL. 08 ; v i = RN e Ll
17. Regular advertiser John Corlyon of Hemingway prepares hisl
stand before opening time on the final day, while Tony Green of §
Tony Green Steam Models examines a small vertical boiler.
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ELECTROMAGNETIC
DEVICES

Part 2 - Designing
Electromagnets

Tony Claridge continues his series by carrying out a number of Design Studies

=
=
—__J l_. —_— —

he first thing we need to do before

designing an electromagnet is to

spacify the forca whish it must axert
and the stroke over which it must exaert it.
The shape of the device will depend on
whaether it is to be a short stroke device (or
aven one which merely holds something
as long as it is energised, such as the
magnats which hold office fire doors open
until the fire alarm oparates, when thaey
release the doors, allowing them to close)
or & long stroke device, often called a
solenoid. It 18 worth remembarnng that
with aithar typa, the force will increasa
over the length of the stroke

A typical Design Study

By way of an example, we will work out
a design for an electromagnet which
opens a small poppet valve. It could also
be used to engage or disengage a friction
clutch. The key items in the specification
ane.

2mm
10Kg at the stan of the
Siroko.

Stroke
Forca
Electrical supply 12v dc

At the outset we need to realise that the
force exerted Dy the magnet varies as it
moves through its stroke. it will be
designed to deliver the specitied force at
the beginning of its stroke, and the force
will rise as it completes its travel. The
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Fig. 1

general shape of the device can be chosen
aral alternativa forms, some of
shown in Flgure 1, For the

application, a cylindrical

from se
svhich &
intende
concentric form is the first choice. This
shape has the advantage that the delicate
winding 15 protecied from saccidental
damage, though it is also more difficult to
\|I‘.J:,:>pu1|_' the heat produced in it when it is
enargised. It is necessary to decicde
whethar the device |8 10 bo rated for

ontinuous or intermittent duty, since this
will determine the amount of space
required for the winding

Estimating the force
available

Wa first need to know how te calculate
how much force can be produced by a
shon stroke magnet It can be shown that
a magnaetic hield stores energy, not unlike
tha enargy storad in a spring whan it 15 pul
under strain, or by a spinning flywheel, Wa
will probably invoke both these analogies
as these notes expand. The energy stored
h element of the magnetic field is
proportional to the praduct of B ancd H, 5o

the total energy stored in the whole
magnabc hald s tha sum of tha enargy
stared in each part. Again, the two
mechanical analogees have corresponding
properties. The analogy of stress times
strain in alements of a spring Is a direct
aquivalent

The way in which we move from stored

gnergy 1o force is 10 consider a minute
movement of the armature (the usual
name for the moving part of an
plectromagnet] and relate this to the
change in the energy stored in the field. By
considering the amallest possible travel of
the armatura, we can claim that the value
of flux density (B) does not change. The
force is then calculated as the change in
starad anargy divided tha mavamant

Readars who are familiar with the branch
of mathematics called the ‘calculus’ will
recognise this method. Remembering that
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the iron parts have a relative permeability
of perhaps 1000, it can be seen that the B x
H product per unit volume in the iron is
negligible compared to that in the air gap,
where the relative permeability is 1.
Consaquently, we can calculate the
machanical force by dealing only with
what happens in the air gap. This makes
the derivation of the force formula much
simpler, and does not make the resulting
figures invalid.

Tha full theorstical analysis of how to
arrive at a suitable formula for the force is
beyond the scope of these articles, but can
be found in most of the textbooks on
electromagnaetism, We will jump straight to
the formula, which is:-

Force (Kg) = 0.0406 x BYesla) x Alsg. mm)

Now the magnetic properties of ferrous
materials are such that a very large MMF
is nweded 1o achieve flux densities (B) in
excess of 1.5 tesla, A better choice, unless
size is at @ premium, is no more than 1.2
tasla.

Re-arcanging the formula above, we

Force
A= 0.0406 x B7

and inserting the values we have
chosen, we get:-

A = 171.2mm?

e Y
0.0408 x 1.22
The chosen configuration has two

poles, the central core and the outer ring,

and this total ares i for both poles.

Howevwer, the relatively large flux fringing

on the outer pole greatly reduces the

attraction developed at this pole, and as a

first approximation we can disregard it.

This is explained in more detail balow,

It is now possible to prepare an initial
outline of the design, which is shown in
Figure 2, You will see that a pushrod
passes through the central core to actuate
the clutch or valve which the device is
intended for, and it is necessary to adjust
the diameter of the core to allaw for this,
Before we settle the dimensions, we have
to bear in mind that the lines of farce will
tend to spread oul given halfl a chance and
the air gaps are just the chance they want,

The enlarged views in Figure 2 show what
happens. This has two effects, Firstly. the
flux density in the gaps is less than we
would have planned and the value of B x
A is thus reduced, On the other hand, A is
increased, which partly offsets the lower
flux density. It is not worthwhile to go into
too much analysis of this effect; rather,
remembering its existence, in particular
that the fringing will be much greater at
the outer ring, as shown on Figure 2, we
assign mogt of the force generation (o the
gentral pole and add a bit onto the
dimensions “for luck”, By the way, the
reason that the fringing is greater on the
outer ring 15 that the nng's thickness 15
much less than the air gap length.

| have postulated a pushrod diameter of
3mm and a clearance hole of 3.2mm 1o
accommodate it. The dimensions shown
on Figure 4 are derived on the basis of
allowing generously for the effects | have
described. You will have noticed that the
whole approach to choosing the
dimensions is very much “make a rough
guess”. If necassary, the size and shape
can be adjusted as the calculations
proceed,

Estimating the Amp.turns
required

You will recall that in Part 1 we talked
about p,, the relative permeability, The
trouble is that this is not a fixed figure. It
depends on such things as the sxact
constituents of the ferrous material and its
heat treated or workhardened state.
Consequently, we depend on graphical
information presented on what iz called &
magnetisation curve. A selection of these
curves are shown in Figure 3. What the
curves show is the magnetising force
needed (in amps/metre) for different
values of flux density (in tesla). Before we
make use of the data, there are some
points to be made. Firstly, the relative
permeability is the slope of the curve. You
can see al once why it does not have a
fixed value. Secondly, all the curves show
a marked increase in the required
magnetising force as the flux density rises.
Finally, there are cansiderable variations in
the curves for the reasons mentionad
above.

One of the difficulties about getting hold
of trustworthy B/H curves is that, except
for specialised magnetic materials, the
magnetic properties of ferrous materials
are of no interest to the majority of users.
You ¢an gel exhaustive data about alloying
content, mechanical properties, heat
reatment and so on, but if you need 10
know the magnetic properties, you maostly
have to measure them yoursell, Even so,
they are not constant, Both the heat
treatment and mechanical stress can have
profound effects. In fact a Swedish firm
makes a torque meter for ship's propeller
shafts which uses the change in relative
permeability under stress as the input
parameter.

Although for decades, people have
gone on about the virtues of ‘Swedish
iron’, in actual fact ordinary mild steel
serves quite well gnough for our purposes,
though it is best in the annealed condition.
Swedish iron is fairly close 10 being pure
iran, with nothing allayed with it. lron from
the Lowmoor steel works in Bradford was
jusit as pure. The curves show that cast

! ng:i ©
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iron is a lot less easy 10 magnetise than
sterl, and that stainless steel is also not as
good as ordinary black mild steel. When
the chromium content of stainless steel
gets close o twenty four por cent, then it
may cease to be magnetic, depending on
the heat treatment state. At around thirty
per cent it is never magnetic at all. There
are many exolic alloys, chiefly of nickel
and iron, which have quite outstanding
properties, but these don't have any
relevance to our work. We will stick with
mild steel for this study.

Fortunately, by far the greater part of
the MMF which wa need is used o
magnatise the air gap, and consequently
the exact magnetic properties of the
ferrous parts are not very important. This
will become clear as the design evolves.

In choosing the dimensions of the iron
parts of our electromagnet, it is important
1o ensure that there is an adequate Cross-
saction to carry the field all round its
gircuit. The end part of the ‘pot’ must be
thick enough, as also must the armature
disc. If wa ware looking for the fastest
response time, we could tapear the
armature’s thickness or drill a circle of
lightening holes towards its outer diameter
to achieve a constant cross-sectional area,
Remember that as the radius of the disc
gets smaller as the field flows from the
outer ring to the centre core, the
circumference reduces, and strictly
speaking the disc thickness should ba
increased as the lines of force approach
the cenire. In practice, don't bother unless
response time is important, when low
waight becomes a factor.

MMF calculations

Here | am going to jump the gun a bit.
Normally it is necessary to do a bit of trial
and error in order to converge onto the
dimensions neaded for our electromagnet.
For this study | have made use of my own
axpenence, and also done some preliminary
calculations, so that we can go straight to
the final size and proportions. Figure 4
shows a cross-section of the chosen size
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and shape. There are two points to be made
about it before we do the calculations
Firstly, if the push-rod which passes through
thve middle of the centre pole is made of &
magnetic steal, then it will tend to stick to
one side of the bore. It should preferably be
rmade of non-magnetic material, but if not,
then a tiny bush at either end will serve 1o
keep the rod central, The second point is
that even mild steel retains a little

magnetism when the current is switched off.

In order to let this die away and lat the
armature go, a small air gap is put into the
magnetic circuit. In this design the centre
pole is made to be about 0.5mm shorter
than the outer ring. With a differently
configured magnetic circuit it is sometimes
arranged that a blind rivet is driven into the
face of tha ron so that its head prevents the
armature from closing up the air gap
completely, When this is done the rivet is
usually called the ‘reluctance stop’. Now we
can get down to the nitty-gntly:-

MMF for inner pole air gap:

B=12 I (length) = 2.5mm
?
H=12510"  _ 955000 A/m
dxn

MME = 985000 x 0.0025 « 2387 amptums
MMF for outer pole air gap:-
B = 1.0 (sllowing for fringing) | = 2.0mm
?
H = L2210 . 795000a/m
X®
MMF =795000 x 0.002 = 1592 amp.lurns
MMF for total iron path:-
Because | kmow that this is a small part
of the total MMF, it does not merit detailed
calculation; hence:-
B=12 | = 160mm approximately

For mild steel, H at 1.2 1esla is 1200 A/m
{from Figure 3)

MMF = 1200 x 0.15 = 180 amp.tums
Total MMF « 4159 amp.turms.
Force at the end of the stroke

Just as the armature reaches the end of
its travel, the total air gap is 0.5mm. We
guess that the value of B will have rigen 1o
1.7 1esla, Actuslly this was my sacond
guess, The first one was too low,

From the BM curve lor mild steel, 1.7
tesla nesds 9000 A/m.

MMF for the iron = S000 x 0,16
= 1350 amp.turng

7
GapH-L}f;m =1.353 x 10

Gap MMF « 1,353 x 10° x 0,002 = 2706
Total MIMF = 1350 + 2706 = 4056

This is close enough 1o the MMF
developed by the coil to be an acceptable
approximation. With little fringing on the
outer pole now that the gap length is small
compared with its width, wa can cradit
both inner and outer polas with
contributing to the force, which thus
becomes:-

0.0406 x 1,72 x 360 = 42.24 Kg,

Designing the winding

We require the winding to supply
around 4200 amp.turns when enargised
from a 12 volt DC source. To begin with we
musst decide the mean length of & turn of
the winding. This is estimated by
calculating the circumference of a circle
halfway between tho smallest and the
largest diamater of tha cail. In this design
we can take this to be 100mm, Next we
come to a very useful trick which laads us
1o the correéct wire size in one step. In
order to undarstand it let us calculate the

1. A simple solenoid. The brass sleeve
mentionad in the first article is elearly
visible.
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size of wire nesded for a single turn coil.
Wa naed a current squal to the total
amp.urns, i.e. 4160 amps, Applying Ohm's
law, which in this case says that the
current () is equal to the voltage (V)
divided by the resistance (R):-

R= 41%0 « 2.885 x 10” ohma

The next stép is 10 calculate the Cross:
sectional area of copper wire which will
hawve this resistance over a length of
100mm. Tha formula for this is:-

Resistance - [esistivity x length

cross-sectional area

The resistivity of copper is 17.24 x 10°
at 20 deg. C. ktincreases by 0.4% for each
degree. We have to remembar 10 use &
system of congistent unils, of course and
the value for rmisﬂyinr isin
microhms/mm/mm* The caloulation thus
becomas:-

x 100

CSA = = 0.5976mm"*

12,24 %10
2,885 x 107

Now all we have to do is select the
nearest standard wire size, but before we
do | should explain how choosing the wire
size first is the right way 10 procead.

Clearly wire of this size would melt
instantly if we passed 4000 amps or 50
through it. But instead of a single turn, let
us choose ten tums. Then the resistance

2. A relay of a type which uses an
armature which rocks on a knife-edge
hinge. The reluctance stud is an
adjustable screw on this relay.
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will ba ten times higher and the current
will be ten times loss. Howaver, & tenth of
the current in tén times as many turns has
the same amp.turns as before. With a
hundred or a thowsand wrmns instead of
ona, the same rules apply. The key thing,
though, is that the power (the watts) used
goes down as the number of turns rises
Remember that the wattage is volts times
amps. More turns means less amps.

So.-

For a constant length of turn and supply
voltage. the wire size fixes tha amp turns
and the wattage goes down as the number
of turns goes up. Tha prudent designer
thus provides enough winding space to fit
in enough twrns 1o keep the temperature
rise 10 an acceptable figure, The winding
space on Figure 4 reprasents an informed
choica, Later we will chack iis adequacy.
Howaover, before doing this we will take a
look at a long stroke magnet, that is a
solenoid.

A Solenoid Design
Study

It will have become apparent from the
preceding study that where the length of
an air gap is large compared with its other
dimensions, the problem of flux fringing
arises. The shape of a solencid has
evolved so as 10 keep this problem under
control. Figure S dapicts s typieal
solenoid, the key feature being that the air
gap is located within the bore of the
winding. Solenoids range from small, with
strokes of Smm which measure maybe 20
% 20 x 40mm overall to big ones with
strokes of 60 1o 90mm with overall
dimensions of around 200mm diamater x
200mm long. A typical application for the
latter is remote closing of large electrical
circuit breakers.

You may recall from the last instalment
that a winding of this shape deploys nearly
all its MMF on setting up the magnetic
field inside its bore. It follows that
solenoids are found sometimes with no
external return flux iron. However, it is
often impartant to locate the axis of the
armature co-axially with the fixed membar
of the iron flux path, and a flux return path
of adequate cross-section is commonly
used. Doing this has the advantage tha
the spread of the return Nux 1s confined,

rathar than stretching out inall directions,
Stray flux can sometimes interfore with the
action of some other pan of the
mechanism.

Befora going on to the MMF
calculations, | will draw your intention to a
most impaortant detall of the design. Since
we are using an outside structure to locate
and guide the armature as well as to
furnish a path for the retumn flux, there will
be a powerful side force pulling the
armature, In theary it could be parfectly
centred so that the sideways forges cancel
out, In reality this is equivalent to
balancing a nail on its point!? it is therefore
vital to fit a bush to centralise the armature
and thus minimise the side force. As we
are working steel on steel, the bush, made
of brass or something similar Is also acting
as a bearing. It Is helpful to extend the
bush, which should be of minimal wall
thickness (say 0.3mm) nght through the
solenoid. It then acts as an armature guide
and also stops the latter from rubhbing the
inner wall of the coil bobbin. One other
factor needs some thought. When the
armature maves, where is the air going to
go? We need an escape path for it if we
don't want the movement la be
pneumatically dampad, though this may
be of value in some applications. A
‘keyway' along the armature or the
stationary member will do

| have laft the most important aspect of
the solenoid to the end, Why do we not
suffer serious fringing effects? The
explanation is that, with the air gap being
halfway down the length of the caoil, any
of the lines of force which start 1o spread
out, i.e. to fringe, immediately lose the
benefit of some of the tums of the
winding. In the ultimate, a line of forge
which tried to go outside the entire coll
would not link with any of the winding,
and thus could not exist. The conseguence
15 that the degree of fringing which takes
place is considerably reduced. It doesn't
disappear altogether of course, but it is »
lot less. To close, we will do some nitial
calculations on a solenoid with an
armature diameter of 20mm and a stroke
aleo of 20mm.

This time we will start by postulating
that the gap’s flux density (B} is 1.0 tesia.
The farce will then be:

00406 x B  xxxr’
= 0.0406 x 1.0° w n % 10°
= 12.76Kgq. (al the start of the stroke)

The carrespanding value of H is:-

1.0 x 10
dxr

and the MMF is

= 785800 amps/m

Hx 1= 795800 x 0.02 = 15920 amp.tums.

This looks as if the coil will have a short
time rating, but further caiculations will
have to wait tlll the next instalment
because | have used up all the space which
the editor can allow in this issue

In the next ssus we will go into the
comstruction and manufacture of windings
and also disouss permanent magnets,
which are an alternative way of getting
MMF, but without having to use electrical
power to do so é

Model Engineers’ Workshop



MORE ACCESSORIES
FOR THE

SMALLER LATHE

Having previously described

devices for holding larger end
mills and Morse taper tools on
a small lathe, Jack Neave now

adds an even larger collet

holder.

The *Super” Collet
Fixture (Fig. 1)

The subject of an earlier article was “A

o

Simple Collet Fiswure® ('Accessories for the

Smaller Lathe' - Issue 51) based on @ 3in g 7 b : Hzr= by

diameter catch plate. This design provad i Wl N S A ~ S ©
very useful when used with smaller end A Ve ™~ - d ’
mills, but a larger version of this design i £

wiks now required, A 'Super’ Collet Fixture

has therafore bean designed and | [ -
produced, basad on a 5in. diameater face —

Vi | |

1. The component parts of the super |
collet fixture. In the foreground the

muodified face plate and the clamp ring, at

the rear three alternative diameter collets, .
the cantre ona of aluminium, the other - . ©
rwa of Tufnol
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2. The super collet fixture set up in the
lathe for a milling operation. The cutter

with a 1.25in. shank is clamped in the
aluminium collet

3. A flywheel being held in the super
collet fixture ready for machining.

thread ga
Loventry o

Derek 020839

an plates for W
1 pinipn
ine {fra n of original cost),
al. J. Hammond 0121-249.1520
(Moselay, Birmingham)

56

plate, to accommodate larger cutters. The
assambly drawing shows the larger design
which is based on the use of an existing
face plate without impairing its continued
wse as such.

Item 1| Face Plate

Select a suitable existing 5in. dia. lor
larger) face plate, preferably made from cast
tron. A dnading head should be used to
position and drill the eight M6 tapping holes
(5.1mm diameter). Only four of these
tapped holes are required for this assembly,
but the others will always ba usaful on the
face plate. Tap the holes MB. These hole
positions must correspand with those of
lterm 2, the Clamp Ring.

Item 2 Clamp Ring 4.5in.
diameter

Material:- Aluminium
Finish machine to outside dimensions.
Position, dnll and counterbore the four
holes to suit MB cap head screws, These
hole positions must match the
corresponding M6 holes in ltem 1. the face
plate. Sat up Item 1 in the lathe and screw
Item 2, the Clamp Ring, to it with suitabla
parallel packing between them (about
0.25in. thick). Bore the centre hole out 1o
3.08in chiarmeter at an included angle of 156

WANTED

@ Change wheels for a Raglan Sin. Little
John lathe; 321, 361, 451, 4Bt and 52t

Tel. David Read 01344 454743 (Bracknell)
day or avaning

@ Drawings/dismantling information for
the spindle of an Eagle Mk2 surface
grinder. Are the makers, Victa
Engineering, Hamwaorthy, Poole still
trading but under another name?

Tel. Tony 01670 823232 (Morthumberland]
E-mail: tony@lindisun.demon.co.uk

® Can anyone help me with a new project,
please? | need a piece of machinery

deg. Witness mark the two items so that
they can always be assembled in the same
ornentation,

Items 3, 4 & 5 Collets
1.625, 2.50 & 1.25in. dia.
Material:- Tufnol,

Aluminium or Plastic

From bar stock, face the end and
machine the end recess. Centre drill & drill a
0.375in. dia. hole through, part off to length.
Repeaat this procedure for the second collet,
Fit the first collet on a suitable mandral and
tumn the 15 deg. included angle taper. Use
ltem 2, the Clamp Ring, as a gauge and lry
ta get this between 0.062in. and 0.125in.
from the front face of the collet. Repest this
procedure with the secand collet.

Set up the first collet blank (ltem 3) in the
lathe using ltemms 1 & 2, taking care to line
up their witness marks, as shown in the
assembly drawing, Drill and ream the centre
hole 1o 1.625in. (or required} diameter. Make
a witnass mark on tha collet blank to line up
with tems 1 and 2. Repeat this operation
with the second and third collet blanks
(ltems 4 & 5) but make the cantre bore
2.50in., 1.25in. {or required) diametar. All
three collet blanks can now be slit into three
segments using a 0.125in. wide cutter, {s

readers wishing to make use of this
pleass nate that the maximum tatsl value
 accapted for a ‘For Sale' entry is €50

 To edvertise goods of o greater value, please

1 our Classified Advertisernem Departmant,
" Pleass indicate claarly If an tem is
intondad for Link Up.

needing repair, TLC, completing or
whataver,

Tel, Ken Nunn 01284 704848 (Bury S1.
Edmunds)

® M.E.W. back numbers 38 and 52,
Tel. ban Gurton 01582 713770
(Hertfordshire)

® | would like to make contact with
readers who own EMCO FB2 milling
machines and who have made
improvemants or mada naw
attachments/accessories,

Jaques Laporte, 8 Impasse de Clos,
Villamartin, F-91150, Marigny-Campigny.
France Tel. 01-60-80-01-79

E-mail: jactosh@free.fr
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Constant Velocity
Joints

From Anthony D Rhodes,
Berkeley, California

In Issus No. 60 Harold Hall discusses
the need for constant velocity
transmission of rotary mation in the
driveling, or “flexible coupling’, betwaean
the change gears from the hob drive and
the worm drive of the work head on the
College Engineering Supply Gear Hobbing
Machine.

Ho s absolutely correct about this
requirement because, i the gear blank
speeds up relative to the hob, the hob will
cut away excessive material on one side of
the gear tooth and insufficient material on
the other side, and when the gear blank
slows down, the sides with excess and
insufficient cutting will be reversed. These
failures of constant relative velocity
hetwaen the hob and the gear blank will
result in a non-involute curve on the
working surfaces of the gear teeth which
will produce gears incapable of
transmitting constant velocities within the
mechanisms of which they are intended to
become a part.

Mr. Hall ssems to believe that he has
provided a constant velocity driveline, Tis
not so!

He refers to Figure 4 on page 34, saying
that “a constant velocity output i
achievable providing the details in Figure
£ are complied with”, leaving the
impression that he has compliad with the
spacified details. | have no complaint with
conditions 1 and 2, they are merely a
matter of proper construction of the
driveline. Bul condition 3, paralialism of
the input and output shafts, is achiavabile
In only one situation, that is when the hob
being used has the same helix angle as
the gear being cut.

In all other cases the shafts MUST be
non-parallel. All spur gears will have a
helix angle of 0 deg., requining tha work
head to be set over at the hob helix angle,
and most helical gears will also not match
the helix angle of the cutting hob.

What is required is a true constant
velocity universal joint, such as the
Rzeppa-type used on a large number of
frant wheel drive cars, In this type of
joint thers is a one-to-one relationship
in rotational angularity between the
input and output shafts of the joint.
Evary fractional degree of input
rotation is matched in output rotation.
This condition is necessary for
generating-lype gear cutters, which
includes hobbing machines as well as
gear shapers and planers. The Rzeppa
joint is not the only ¢-v joint which
could be applied to the application at
hand, it's merely one that comes to
mind which is reasonably compact, a
distinct requirement for this hobbing
machine. Unforiunately | have not been
able to find a commercial source for
ARzeppa or any other c-v joints in a size
apprapriats to this machine, nor have |

August/September 2000

found plans for do-it-yoursell
construction of c-v joints, If any reader
knows of any commercial sources or
d.i.y. plans in a size appropriate 1o this
project it would help greatly if thay
could infarm all of us.

Cutting sheet metal

From Geoff Bradfield, Victoria,
Australia

Harold Hall's article on cutting sheet
matal in lssue 62 is very interasting. May |
add an observation on jig saws? | learned
from a friend, who happens to be joiner,
that there can be advantages in cutting
with tha jig saw from tha undargida of tha
work. You must be careful to keep the
sole plate in close comact with the
material all the time but, with a lintle
practice, the saw cuf is easily adjusted in
ralation to the line, whether it be straight
or curved and saw dust falls cut of the
way. Another plus is that the smoother
cut 15 on the face side. The material and
the off cut must both be adequately
secured as two hands are necessary to
hold the saw, As with all power tools, 1ake
particular care where your fingers are
positionad, as they are out of sight at the
eritical time.

Securing a bush

From J R Sutton, Belfast

| read with great intarast the letter
from Ted Wale, Porters Lake, Nova
Scotia (Issue 59) on balancing the desian
of a salvage. It took ma back to when |
was an apprantice in ona of our larger
textile mills, The mathod he deseribed
was reqgularly used for bushing gear
wheels and pulleys, though we did not
have the luxury of using Loctite; in fact
rather than using ping for retaining the
bush, it was our practice to use grub
scraws of a suitable size because they
could be salvaged and used tha next
tima round.

As an apprentice, the first time | was
given this job to do, | fitted the bush
successfully and then proceedad 1o pin it
with two grub screws, one at 0 deg. and
the other at 180 degrees, On presenting
the finished job | was mildly rebuked for
having pinned it incorrectly. It was
explained that | showld have pinned it as
shown in Figure 2 of Ted Wale's article
(i.8. with three axial grub screws at 120
deg.) and not as | had done. | asked why,
but no-one in our workshop was ever
able to give me a satisfactory answer,
Being then young and enthusiastic, |
raised this question many times during
my technical education, but still no-one
could answar ma. Why should we adapt
one methed as opposed to the other? |
now wandar whether any of your readers
can supply the answer to this question
which has bean lying In the back reaches
of my mind for so long, "It’s wonderful
the unanswered questions one finds
thara",

EEENE

Etching printed circuit
boards

From Clive Noakes, Halesowen,
West Midlands

Recent issues have made much of the
difficulties of evenly and quickly etching
printed circuit boards. For the convenience
of those who have restricted tima and
want etched boards but without hours of
construction work, | offer the simplest and
most effective of tips which | learned from
a BBC engineer twenty-odd years 8go.

Technique

Supporn the PCB copper side down in
the etchant so that there ara a few
millimetres of clearance underneath for
debris to fall away.! That's all there is to it
Upside down is the key.

Supporting the board

Plastic clips or nylan bolts and nuts
could be used to support the board under
the surface but | have always floated
hoards on tha surface tension of the
etchant which is a trick easily mastered.
Having donned the Marigelds (or plastic
bags!) grip the PCB lightly by the edges
with your extreme finger tips and make
sure that the surface is evenly wetted
when the board is carefully laid an the
surface, starting al one end so thal air
bubbies are not trapped undarneath, If the
solution bursts over the adges of the
board while you are lowering it onto the
surface you will have to take it off again,
wash off in water and dry the top’, edges
and yvour gloved fingers again bafore the
surface tension will support the boeard,
Incidentally, it floats easier if the edges ara
smoathed with 220 or finar abrasive paper.

Etchant

A saturated solution of farric chioride in
WAIM Water is convenient as it generates
no gas while etching. It |s easy 1o get from
electronic component suppliers, and can
be used at any tempermature from ambiant
1o comfortably hot (50 deg. C). | it mina
on the radiator while etching, hopefully
having remembered 10 pour out the
solution hall an hour earlier so that it can
warm up and any froth can burst. Freshly
dissolved solution should be left for an
hour or so to let entrained air escape,

Etching

Having submerged (or fioated) the
board it should be taken out of the
solution after a few seconds to see if any
air bubbles or greasy patches are
preventing proper wetting of the areas 10
be atehed. If bubbled bits are wiped over
with a finger to wet them they should ba
OK when submerged again.

No further attention is required until the
job is done, when usually the shadow of
the copper track can be seen through the
back of the board while it is still floating.
You can of course lift the board off at any
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e o have o ook o1 progress, With
warm fresh etchant only a few minutes are
neaded - it really is amazingly better than
swilling about face up under the etchant,
with ar without mechanical assistance.

If & trapped bubble has left an unetched
blob of copper, knife, file or route it away
rathar than put the whols board back into
the etchant or you may get under-cutting
of fine tracks.

Usage
| have used this techmique for hundreds

of boards and | would suggest that a litre
of etchant (about five pounds sterling)
would last for at least a square foot of
board, probably two, with no keeping
problams over many mantha, if not years.
Well-used etchant will go black with much
sediment which should be decanted off.
When etching imes get excessive (your
decision) chuck it and get somea new!
Ferric chloride is of course poisonous,
very aggressive on many metals and
stains fingers if touched, so plastic
containers and planty of water 1o wash
things are golden rules.

Being waler based, this etchant allows
you to use almost any paint, adhesive tape
or etch-resist transfers as masking to
patch or even draw your circuit. The
corollary is that any grease is taboo so a
wash in detergent (for the PGB} before
etching is advised if there is any doubt.,

On centre drills and

bevel gears

F Peter Dawes, Orange, New
S?u?h Wales e -

1. Philip Amos’ article on mandrels

{M.E W, Issue No 64, p4s) showed plain
mandrels with a conventional cantre hole
at each end. Howewver, when a mandrel is
used with a tailstock set-over by more
than a couple of degrees, tha centre holes
do not fit properly on the centres,

Now, | once bought some centre drills
tht hiad & concave 60 deg. taper that
produces a 60 deg. convex-sided laper in
the workpiece, and one that automatically
fits a straightsided centre for any angular
offsel within reasonable limits. For large
angles, the centre does not contact the
sides of the hole at the same point on
each side and this gives rise 1o a very
shight twisting moment, the effect of which
is to try 1o bend the arbor. It is still,
though, a vast improvement over a
straight hole.

This type of dnll should always be used
for wark with offset centres. The trouble is
that I've lost or broken the anes | had and
they cannot be ground in the home shop
without special equipment. Now | dont
know where to buy them again or what
they are called. Can anyone help?

There is another way of dealing with
offset cantres and this s to use a ball-ended
centre, fitting into a conventional centre
hole. Still another version, and on the same
theme, is 1o use a loose ball in a standard
hole but with & cup-shaped centre.

2. In Issue No 60 p34, Harold Hall says that
bevels can be cut by tilting the work
spindie and otherwise cutting them
identically 1o spur gears. Unfortunately
they will be very crude gears. True bevels

CANNOT be cut by hobbing - full stop.

The reason is that the tooth width on a
bevel varies from outside to inside and a
hob must of necassity cut s fixed tooth
space and fixed tooth width, The teeth can
only mesh togathoer proparly at one point
an. the face. Jacobs showed pictures of
bevals that had very obviously skinny
teeth on the inner end and also showed
pictures of skew bewvels that were probably
cut by milling with a single point form tool
{M.E. -11-9th Mar, 1976, p281} but he didnt
elaborate on how he made them,

Another evening class

and a cry for help

From Richard Masters,
Sawbridgeworth, Herts

Harlow College run a NVQ Leval 2
course in workshop practice. It is held on
Thursday evenings from 6.30 to 9.30pm.
The course tutor is lan Jackson, and the
college can be contacted on 01279 888000,
The course IS run on a modular basis and
students can start at any time of the year.
It covers bench fitting, turning, milling,
and arc welding and is run in a well
equipped workshop with model
engineering and larger sizéd machines
Some students have been attanding for
many years. It slso happens to be the
{farmer place of work for Bob Loader. who
is & regular contributor 10 your magazine!

| am about to purchase a Boxford CNC
slant bed lathe, modal 240 TCL. It is
working mechanically, but the BEC
computer, which provides the numerical
control, is not! Has any one canvertad this
type of lathe to run on a BC.? Is it a simple
job to ehange computers and get new G
code software? Alternatively, does any one
have a working BBC Master computer, or
know whers | might obtain one? | would
be interested in any help or advice. My
phone number is 01279 723088 and fax
number is 01279 427337.

Materials for
electromagnets
From Vic Varga, Oakville, Ontario

| hava built an alactric elock known as
the EUREKA, based on measurements
taken from the original and an article from
Moclel Engineer dated 1949. | had
encountered problemns with the electro-
magnet which should provide sufficient
mative power on a 1.5 volt battery. The
core of the magnel is supposaed to be ‘soft
iron’, As none of us here knew what that
was, we tried several grades of readily
available steels, as-made and heat treated,
but failed to match the performance of the
original, all else being equal as far as we
can ascertain. Presumably soft iron is a
low- or no-carbon spec. Can anyone help
us by giving the proper spec, for soft iron
and perhaps the names of suppliers We
need only four pieces, ®nein. diameter and
&in. long. We are quite used 10 paying the
Post Office exarbitant charges to get ‘stuff’
over here, but this should not weigh that
much!!

P.S. what is tha modem/currently used
material for cores of electromagnets?

By coincidence, our contributor Tony
Claridge touches on this subjact in this
issue, suggesting that heat-treated miid
steal should suffice, but has also provided
us with the information that a company
called Goodfalfow (Tel. 01223 568068) can
supply small quantities of a wide range of
materials required for scientific purposes,
and may have somathing suitable. They
are based in Cambridge and have an office
in Philadlaiphia USA. They hava a Weab site
at wwww.goodfellow.com.

Tool holder article -

some corrections

From John Brittain, Doncaster,
South Yorkshire

I must first thank Messrs Coote and
Swallow for their kind comments
concerning my article on "Avoiding the use
of packing’ and hope that they find the
system worth making.

Inevitably, when committing onesell to
print, one runs the risk of errors arising
from a number of sources. Perhaps
therefore, with the Editor's permission, |
may be allowed to point out one or two of
thie more glaring variety.

1) In diagram 3, the height of the teolpost
has unfortunately been clipped from the
drawing and should have been shown as
65mm.

2) In diagram 5, the dimansion reading
‘centre height' should of course have read
centre height to cross-slide Imy omission,
I'm afraid). Similarly, in diagram 5 entitled
‘rear toolpost’, it is patently obvious that
the device lllustratad is a front toolpost.

Dividing head puzzle

From Dr Geoffrey Walsh,
Edinburgh

Last year | bought a used dividing head
from a small engineering concern in
Gloucestershire. There is a plate for direct
divisian with 18, 20, 22, 24, 28 & 28 holes.
The worm has a ratio of 75:1, | have bean
told that this is quite an unusual figure.

The device bears the label:-

Brown & Sharp Mfg. Co.
Providence, R.I. USA.

The number on the label, 3325,
suggests that there was a long praduction
run of this type. The plate attached to the
worm has been lost, | believe it had just
one circle of 20 holas.

From the same concern in
Gloucestershire, | have also now acquired a
Mylord dividing head. There is no provision
for direct division, but the worm ratio of
60:1 seems more suitable for many
purposes, the mandrel is hollow and there
i5 a tail stock. Neither of these features,
useful for minor engineering projects
where versatility is often important, is
present in the Brown & Sharp head.

Was this Brown & Sharp dividing head
designed for a special purpose ? Perhaps
it came over during WW2 as part of Lend
Lease, when probably many American
machine tools arrived, in the prelude to D-
day? A Myford chuck fits the spindle.
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