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On My Bench
I'm sure that a proportion of readers will still be very sceptical about 3D printers, not least
because, they can be perceived as ‘de-skilling’ their hobby. However, unlike some other
CNC machines, they aren't really doing something we can do in our workshops in any
other way - producing complex shapes in plastic.

For a long time one of the models | have always wanted to build is a large-scale Vickers
Light Tank Mk. VIb. The biggest barrier to such a model is making the tracks; each link is
a small but complex part that would take several setups and many machining operations
to make! The ideal solution would be lost wax casting, the original links are cast, but
there are 187 links on each track, so | can't see that's feasible. An ideal solution might be
injection moulding, but the challenge of making the machine and the die blocks for a one
job is off-putting. This is a task where 3D printing comes into its own.

When | was given the opportunity to use a Dremel 3D40 3D printer on review for a
month, making those tracks was my first thought! A basic link design was easy, a realistic
one more challenging, and in the end | had to print and glue on a separate 'strake’ to each
link. A big advantage was that the hole for the linking wire was printed in so assembling
the track was just threading in a piece of stainless steel wire and securing it with a drop of
cyanoacrylate.

Common sense should have left the project there, but 3D printing is addictive! In a
month | can't design and build an entire tank, but | have used the opportunity to make an
array of other parts. | Can
think of no better way to
test the printer than such
a challenge! While these
would have been practical
to make in a traditional
way, it's been fascinating
discovering the capabilities
and limitations of 3D
printed objects. It has also
been rewarding to see
how printed objects and
engineered parts can be
made to work together.

It's also got me
wondering how feasible
it would be to 3D print
(almost) the entire tank —
but for that I will need my
own printer...




Need a kit?
Get the
book...

Get the very best from
your workshop.
Hemingway Kits provide
over 70 unique tooling
projects:

{% Add capabilities to
your workshop

{:} Work to finer limits

f:"i Finish jobs more
quickly

{’:"k Your production
engineering team!

H 1
Hemingway Kits
126 Dunval Road, Bridgnorth

Send £2 Shropshire WV16 4LZ United Kingdom

(refundable) for our | oy 44 (0) 1746 767739

latest worksho h f :
catalogue or vigit Email:Info@hemingwaykits.com

our website
www.hemingwaykits.com
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www.amadeal.co.uk

i See our vast range of mini-lathes, :
% bench lathes, milling, grinding and boring ©
machlnes, both manual and CNC.

For professional or hobby purposes

)~ We stock all kinds of spare parts for all of the
= machines that we carry. If you require parts and

fsds -~
e s
they're not listed on the website, drop us a line %

{Bet vu Bam-fpm) or email us and we mfgm be abie to he{p ¥94, {Between 11-4pm)
Tel: (+44) 0208 558 4615 or 07887 945717 or (+44) 0208 558 9055

B3 call 01454 324546

Visit us online: www.avontapdie.co.uk

It's what we dc It's all we do. Is time you chose a specialist? Any tap, tap

Iust a smaII se1ect10n from our current stock

Buy online now at: www.gandmtools.co.uk
d .

Colchester Bantam 1600 Lathe,

7/8 Pillar
Drilling
Machine,

plus vat.

Tooled, VGC, 3ph, £1750.00 plus vat.

Rack Op Milling
Table, 2 MT Machine,
Spindle, i
3ph,

£650.00

« Telephone enquiries welcome on any item of stock. - We hold thousands of items not listed above.
« All items are subject to availability. « All prices are subject to carriage and VAT @ 20%. - We can deliver to all parts of
the UK and deliver worldwide. « Over 7,000 square feet of tools, machines and workshop equipment.

VISA, Opening times: 9am -lpm & 2pm — 5pm Monday to Friday. Closed Saturdays, except by appointment.
telephone: 01903 892 510 * www.gandmtools.co.uk ¢ e-mail: sales@gandmtools.co.uk

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

Tom Senior
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THE MANCHESTER MODEL
ENGINEERING EXHIBITION 2017

QUEEN ELIZABETH HALL, OLDHAM
New Radcliffe Street, OLI INL

Saturday 18th February (10am - 5pm)
&
Sunday 19th February ((0am - 4pm)

Tickets on the door £7

Accompanied children FREE
No other concessions

Advance Tickets £4

For more information and ticketing please visit www.mmex.co.uk
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John Wilding MBE\
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and others.
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THE MOST VERSATILE TOOL FOR TURNING & FACING

it's easy to see why our best selling turning tool is the SCLCR. It can turn and
face a bar without altering the toolpost, and the 80° nose angle gives much more
strength than a 60° (triangular) insert. The NJ17 insert cuts steel,

stainless, cast iron, phosphor bronze, aluminium, copper, brass ‘,:/
etc. Please state shank size required - 8, 10 or 12mm square,
Spare inserts £6.40 each for 8-10mm tools, £7.40 for 12mm. Y

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

Our SCRCR rough turning tool uses the same inserts as the SCLCR r‘ it

tools above. The good news is that it uses the ather two corners! These L=

very strong 100° corners are rigid enough for rough or intermittent

turning. The insert is mounted at 75° to the lathe axis. 10mm sq section  {]

(for CCMTO6 insert) and 12mm section (for CCMTO09 insert). J ;l"l' }r \
J

SPECIAL OFFER PRICE £39.90

PROFILING WHEELS or SHAPING AXLES & PILLARS?
If you need to create complex shapes, our SRDCN button tool is invaluable. The
10mm square shank holds a 5mm dia cutting insert, and gives great versatility,
superb strength and excellent tool life. The late Mr D Hudson of Bromsgrove SME
used these tools for many years to profile the special form of | oy
tyre treads for his self-steering wheel sets with great
consistency. Spare inserts just £5.79 each.

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

The SDJCR tool uses a 55° insert, allowing access to small diameter components
when using a tailstock centre. It can also profile back-angles. |

The NJ17 insert cuts steel, stainless, cast iron, g
bronze, brass, copper, aluminium etc. Shank size 10mn
section. Spare inserts just £6.40 each.

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

Here's your chance to own a top quality boring bar which
uses our standard CCMTO06 insert. Steel shank bars can
8mm 10mm [generally bore to a length of approx 5 times their

diameter, Please state bar dia req'd - 8,10, 12 or 16mm.
Spare inserts just £6.40 each. 2

Bar Dia. | Min Bore

10 mm 12 mm

12 mm 16 mm

o | 20mm_|SPECIAL OFFER PRICE £42.58
WAKE UP FROM YOUR NIGHTMARE WITH KIT-Q-CUT!

The original and famous Kit-Q-Cut parting tool fits the vast majority of ME lathes,
including ML7 & ML10 machines, regardiess of toolpost type. The tool can
effortlessly part through 1.5/8" dia. bar. It comes complete with
key to insert and eject the tough, wear resistant insert.
Cuts virtually allmaterials. Spare inserts just£10.36 each

ISPECIAL OFFER PRICE £67.50 e
55° NEUTRAL THREADING and PROFILING TOOL

Our SDNCN tool with neutrally mounted 55° insert allows Whitworth,
BSF & BSP threads to be generated, as well as profile turning - both
towards and away from the chuck. The 10mm square shank comes as
standard with 0.2mm point radius insert. Inserts also available with
0.4mm or 0.8mm radius at the same price of £6.40 each.

SPECIAL OFFER PRICE £39.90
EXTERNAL THREADCUTTING TOOL

These tools use the industry standard 16mm 'laydown’
3-edge inserts, With tough, tungsten carbide inserts,
coated with TiAIN for wear resistance and smooth culting,
threads can be cut at very slow speeds if required. Tools
are right hand as shown. 55° or 60° insert not included -
order separately at £13.65. See our website for more info.

SPECIAL OFFER PRICE £43.80

These tools use the industry standard 11mm ‘laydown'
3-edge inserts. With tough, TiAIN coated tungsten carhide
inserts, quality threads can be cut with ease. Tools are
right hand as in picture. 10, 12 and 16mm dia's available.
55° or 60° insert not included - order separately at £11.37.
See our website for more info.

SPECIAL OFFER PRICE £43.80
DORMER DRILL SETS AT 60% OFF LIST PRICE!

All our Dormer drill sets are on offer at 60% off list price. The Dormer A002
self-centring TiN coated drills are alco available to order individually in Metric
and Imperial sizes. Please see our web site for details and to place your order.

TURNING, BORING & PARTING TOOLS COMPLETE WITH ONE INSERT.
Please add £2.75 for p&p, |rrespectwe of order size or value

GREENWOOD TOOLS
Greenwood Tools Limited

2a Middlefield Road, Bromsgrove, Worcs. B60 2PW
Phone: 01527 877576 - Email: GreenwTool@aol.com

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




9 A QUICK-CHANGE REARTOOL
POST

Why not fit this addition for long-cross
slide Myford 7 lathes (and others) from
Roger Vane.

14 COUNTERWEIGHT FORAN
SX2P MILL

Provide better support for the head of
your mill with this solution from Phil
Dawes

17 IT'S MODEL ENGINEERING
JIM, BUT NOTASWE KNOW IT
Join Neil Wyatt and explore the
potential of 3D printing with a Dremel
3D40.

23 AN IMPROVED TOOL HEIGHT
INDICATOR

Make a dial reading tool height gauge
with this design from Warren Jacobs.

30 UNIVERSAL SCREW
MODIFICATION FIXTURE
John Ashton concludes his how-
to article on making this essential
accessory.

35 VARIABLE FREQUENCY
DRIVES FOR A MILLING
MACHINE AND LATHE

Variable speed is probably the most useful
upgrade you can make to many machines
— Laurie Leonard shows you how.

45 MEASURING DENSITY

IN THE HOME WORKSHOP
KITCHEN

Roderick Jenkins leaps out of his bath
to explain how a bowl of water can
help you tell two metals apart.

1IN

ontents

48 CASTINGS

Stephen Wessel looks at more complex

patterns in his second article.

56 THE SCISSORS KNURL
Revisiting the nineteenth century
patent for a favourite tool.

57 TWO NEW CHUCKS FORAN
OLD MYFORD LATHE

Mike Haughton explains how to fit
lathe chuck back plates.

64 THE WISHBONE
SHARPENER REVISITED

Make your own sharpener for small
drills with Jacques Maurel's new and
very practical design.

bisd  SUBSCRIBE TODAY!

£ WE S~ GETYOUR FAVOURITE

MAGAZINE FOR LESS
DELIVERED TO YOUR DOOR!

See page 60 for details.
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68 ONE MAN AND HIS LATHE
Nick Thorpe and his Boxford CUD
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Coming up...
in the March issue

Once you have enjoyed this issue, look
out for the next, packed full of more tools
and techniques!

Regulars

3 ONTHE EDITOR’S BENCH

Some background to those 3D Printing experiments!

55 READERS' TIPS
This month a lathe swarf guard and quick (but not dirty)
stepped pulleys.

62 SCRIBE A LINE
What's in the MEW postbag this month?

Due to having very few reader adverts this month, after a
bumper crop in the last issue, we are holding reader’s ads
over to the March issue. If you need the form, it can be
downloaded from the MEW preview page on our website.
Click the picture of this issue, then scroll to the bottom of
the preview page.

" MODEL ENGINEERS' _
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This month's cover shows Nick
Thorpe's rather splendid Boxford
CUD lathe. Less popular than

a Myford, but with a 4" centre
height, excellent quality and
with plenty of machines about,

a lathe well worth considering if
you want a second-hand British
machine.

DESPENSABLE WORKSHOP COMPANION!

February 2017

HOME FEATURES WORKSHOP EVENTS FORUMS ALBUMS

VIsit our

Website

www.model-engineer.co.uk

Why not follow us on Twitter:
twitter.com/ModelEngineers
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You can also visit our website for extra
content and join in our online forum

Jorg Hugel’s Drill
Grinding Geometry
Spreadsheet

This sought-after
spreadsheet and its
explanatory document have
now been uploaded to the
Model Engineer website at:
http://www.model-engineer.
co.uk/hugel

Hot topics on the forum include:

B The Workshop progress Thread 2017
B What did you do today?

The forum'’s two most popular subjects return
for the New Year, tell us about your engineering
triumphs - or just what you have been up to lately.

B Motorcycle general Discussion
It's amazing how many MEW readers restore old bikes!

B Alternatives to PC-based CNC

controllers
People are starting to make progress with these
interesting new bits of kit.

CLASSIFIEDS EXTRA SUBSCRIBE ARCHIVE SUPPLIERS
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from Warco!
WM16B belt drive mill

* Poly vee belt drive - very positive and smooth running system

£1,250 * Brushless motor e Infinitely variable speed < Head elevates on
including two dovetail slideways < Rack and pinion drilling action

UKVrAngiannl(ajnd « Rigid square column « Friction fine feed with digital metric/imperial
delivery, depth gauge < Adjustable gibs to all axes e« Table locks to X and Y axes
excluding « Forward and reverse e« 2 belt settings for maximum torque in the low
Highlands speed range e Head tilt calibrated 45°- 0 - 45°

& Islands « Rev. counter with large easy to read digits

__;;%-&‘-;‘ « Spindle taper 3MT « Powerful 1 kw motor
o D' ¥ « Table size 700 x 180mm
/& « Standard equipment: Two draw bars 3/8”
whit. and 12mm, 13mm drill chuck and arbor
« Available metric or imperial

= B 0 = 8 -‘é fJ .-‘H

§
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A full range of accsSoies is available including:

[ |
,.|'|

|

[l l‘

I

+ Clamping kit

- » We can
— ltem No. 8013 A y B S supply
= i e
- End mill sets HSS/cobalt and fit DRO

Metric 5 piece Item No. 9354 - ER-25 collet set

Metric 6 piece Item No. 9353 Item No. 9086 - Stand and
Imperial 5 piece Item No. 5466 « Milling vi Tray (sold
Imperial 6 piece Item No. 5465 It(;rr:nl\lgowscl?m separately)
: [tem No.

3207DL

« Collet chuck set * Milling vice
3MT Metric Item No. 8142 [tem No. 5479
3MT Imperial Item No. 8069 2

« End Mill 9 piece sets HSS/cobalt
Metric 3, 4,5, 6, 8,
10,12, 14 & 16mm
Item No. 8210

Imperial 1/8"
5/32" 3/16"

> il e
; 3/8"1/2 el . 1
o/16 & 518" Spring Open Day

| [tem No. 8209 Warco House * Saturday 11th March 2017
_ From 9amto 1pm




A Quick-Change

Rear Toolpost

Roger Vane describes a useful addition for Myford Series 7 lathes fitted with a
long cross-slide, although the principles could easily be applied to lathes with a
large tee-slotted cross-slide.

his design was conceived at around
I the time when the original Myford
company introduced a rear quick
change toolpost and special parting
toolholders (fitted with blades). | found
the concept very interesting, but | also
wanted the ability to use tools in the ‘boring
position’, which was something that the
Myford system did not offer.

To achieve my goal, | bought a standard
quick-change toolpost set from one of
our suppliers and then the special parting
holders and blades from Myford. This
course of action added another four
standard holders to my growing collection.

All I had to do then was design and
make the mounting block and associated
hardware. The finished result is shown in
photo 1.

This arrangement brings all of the
benefits associated with the standard
front mounted quick change toolpost,
such as 'quick’ change-over of tools, easy
height adjustment and (as long as you have
enough holders) the benefit of not having
to change tools over as you would with a
4-way toolpost. In fact, tools or the whole
toolpost can be easily removed when not
in use.

Toolpost fitted to rear of Myford long cross slide

The Myford holders as purchased - only the one on the left is currently shown on the Myford website

February 2017

Rear Toolpost ”

-
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When | made my toolpost, Myford sold
two distinctly different toolholders and
blades, and although the new Myford still
sell the system it is only the larger of the
two (on the left-hand side of photo 2) that
appears to be available now.

Although this toolpost has been designed
for the Myford Series 7 lathes, the concept
could easily be applied to other lathes,
possibly with the Myford size tool-block
and parting toolholder, or alternatively
using a toolpost more in keeping with the
size of the lathe. Whichever option is taken,
the base and associated components would
need to be sized accordingly.

As | made this toolpost more years ago,
that | wish to admit to, I'm afraid that there
are no genuine ‘in-process’ photographs,
although there are some posed
photographs and the descriptions should
help, and there is nothing particularly
complicated about it anyway.

Apart from the base, the only other items
required are a couple of tee-nuts and the

>



Spot through from toolpost\

Drill through @5/1 ff/
/ .
6BA x 3/8 d \_J

X 3/8 deep 1.00

T [‘0.375 (to suit tee slot)
|
HINEE

1.250

X

1.660

0.20

Base

1.562 ‘

@1/4 clearance

1.86

central column components. The individual
component parts are shown in photo 3.

You will notice that | have specified
imperial fixings - this is only because | have
good stocks of BSF and BA fixings. It would
be easy to substitute metric fixings - M6
for 1/4" BSF and M3 for 6BA as long as the
related tapping and clearance holes are
sized to suit. On the central column M8
could easily be substituted for 5/16" BSF.

Please note that parting toolholders with
blades specifically designed for the front
toolpost cannot be used in this toolpost
unless you can safely run your lathe in
reverse (as they will be ‘upside down’ when
fitted in the rear toolpost).

Making the base (Figure 1)
Before we start making the various parts
a brief description of the toolpost may
be helpful. The tool-block is mounted on
a base through which passes a central
column. The base has a tenon machined
into it which is a close fit in the rearmost
tee-slot. The central column both locates
the toolpost and clamps the whole
assembly to the cross-slide by means of
a tee-nut at the bottom. There is also a
separate tee-nut at the front of the base
which acts in the adjacent tee-slot to make
the whole assembly more secure.
Additionally, there is a stop plate, the

10 www.model-engineer.co.uk

The component parts

purpose of which is to locate the back
toolpost against the edge of the cross-slide
to ensure repeatability should it have to be
removed.

| made my base from a short piece
of square Meehanite bar, which in my
experience is very easy to machine,

although you will get a bit grubby. I've
always understood that Meehanite bar is
cast slightly oversize in section to allow the
nominal size quoted to be achieved with all
surfaces machined. Obviously, this requires
care as it is all too easy to remove too
much material in an attempt to clean-up

Model Engineers’ Workshop



The underside of the base, with the tenon formed and the holes

partially drilled (posed photo). The 3/4" diameter slot drill is removing
the tenon from around the hole for the central spindle

and then finish with an undersized blank.

It is best to discuss this with your chosen
supplier, who will be able to advise. With
this particular job if you do machine the bar
slightly undersize it is of little consequence.
| see that both 50mm and 55mm square are
available from one of our suppliers (Ref 1),
and one of these two sizes should be ideal
for our base. Of course, if you don't wish to

use Meehanite there is always the option of
machining or fabricating from steel bar.

In the following description, | have used
a 5/16" diameter central column so the
7/16" diameter hole in the toolpost will need
bushing - an alternative would be to use
7/16" diameter bar, but this would need to
be reduced in diameter at the bottom to fit
through the narrow part of the tee-slot. It's

Rear Toolpost

V
Finish drilling the through hole for the column (posed photo)

really a case of ‘swings and roundabouts’.
So, now to work on the base. Square up
and machine to size - a nice milling job and
nothing particularly critical here. The block
can then be marked out the underside for
the tenon and the holes for the tee-nut
screws. It is worth making the tenon as
good a fit as possible, so first we have to
measure our tee-slot width. In my opinion,

24 —sn16

L 00.437*

Upper Bush

— e 20.437*

S~
(32)

Dril through/

?5/16 Lower Bush

3/16—‘ -
T
@
@

1.00

Stop Plate
3/32" thick

Other Components

' Dril through
25/16

5/16 BSF
both ends

|
1]

\

|
=

4.250

j
ng

0.360 5/16 BSF
ﬂ hx i
-Illl-

D LO 520

3 Tee Nut
s 1.92

\1/4 BSF

Tee Nut Bar
Profile as tee nut

Central Column

0.312

rQ)B/S

/2

0.900

0.562,

IR
2 ' porer

Setting Pin

\5/16 BSF

Top Clamping Nut

0.338
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The bushing fitted into the toolpost

digital callipers are totally inadequate for
this purpose and using slip gauges is much
to be preferred. However, not everyone has
a set of slip gauges, so one simple approach
would be to use a piece of stock rectangular
material (3/8" thick in our case) which will
be almost certainly be slightly undersize
and therefore a loose in the slot. Now we
can bring the feeler gauges or shim stock
into use - probably a couple of thou are
sufficient.

The tenon and holes for the tee-nut
screws can now be machined on the bottom
of the base. The holes for the central
column and the tee-nut screws should be
correctly spaced to match the tee-slots
(1.562" in the case of the Myford). Also,
the central hole should be a close fit for
the column without binding. It would be
inadvisable to drill the holes right through
the block at this stage to avoid the risk of
drilling into the vice. In fact, the holes for

.. -
e i

Finish machining the shoulders on a tee-nut to the same ‘depth’ on

each side - example only
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the front tee-nuts only need to be drilled
around 1" deep as we still have to machine
the front step.

As mentioned above, the tenon width
should be machined for a close fit in the
tee-slots and central to the hole for the
column - itis also advantageous for the
cut-out in the tenon to be central to the
column hole as this will make fitting the
tee-nut easier - see posed photo 4.

The base can now be turned upside down
in the vice and front step machined - nothing
too critical here in terms of dimensions.

The fixing holes for the stop plate can be
drilled and tapped in the position shown -
this will allow the toolpost assembly to be
removed, and then replaced in the same
position.

The only outstanding operation on the
base is to complete the drilling of the 5/16"
diameter hole for the central column - this
can be done using a standard bench drill

Before removing the tee-nut from the vice it is best to tap the thread

with the base being held in a drilling vice
where the drill can pass into the central slot
as it breaks through, photo 5.

Making all other parts (Figure 2)
As mentioned above, | decided to make
the central column from 5/16” diameter
material, so let's make a start with this
part. It's simply a piece of good quality 5/16"
diameter mild steel rod threaded at both
ends 5/16"BSF and really doesn't need any
further explanation. The tee-nut fitted to
the end is slightly shorter than the length

of gap that it is designed to fit into. This will
stop the tee-nut rotating ‘out of alignment’
and making it difficult to fit the toolpost to
the cross-slide of the lathe. | will say a few
words about making tee-nuts in due course.

| made the upper and lower bushes a
light press fit into the toolpost, just to
retain them so that they didn't fall out. The
lower bush is shown in position in photo
6. The shoulder on the upper bush will
need to be sized to avoid interrupting the
cam movement of the clamping units - the
dimension given worked satisfactorily on
my toolpost.

Next comes the top clamping nut - |
made this ‘shouldered’ and blind, just for
appearance sake. It is easy to make using
an indexing head - just machine the 6 sides
of the hexagon to match the spanner you
intend to use. Once the flats have been
machined you can cut the nut off from the
parent metal and mount in the 3-jaw chuck,
holding by the newly formed hexagon. Now
you can face off, drill and tap. That's it - job
done. You will see from photo 3 that | used a
standard washer under the nut.

The only other turned part is the location
pin which is designed to act in a reference
position to maintain squareness and to
resist the possibility of the toolpost rotating
under cutting forces. You will need to check
your own toolpost for the dimensions -
mine has a reduced diameter at the bottom
of the hole in the toolpost. This item is
made from steel - | added a brass top -
fitted with Loctite - just to be different and
also to help find it when lost. If you need
to move any tool into an angular position,

for the stud so that it is square to the working face - example only
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simply remove the pin and lock the toolpost
at the desired angle. However, before we
can fit the pin we must accurately align
the toolpost on the base (see ‘setting the
toolpost’ below).

The stop plate is very simple with
just a couple of clearance holes for the
6BA screws which attach it to the base.
Mine was made from a short length of
1/2" x 3/32" steel strip.

A note about tee-nuts

The method we use to mill the profile of
tee-nuts is important to their clamping
securely, so I'm including a few notes

here which may help those readers who
haven't made them before. It is important
that the faces which contact the underside
of the tee-slot profile (X in the drawing)
are machined equally in the same plane

to provide 100% contact. This will ensure

The tee-nuts in position

Rear Toolpost ”

so the old saying ‘measure twice and cut
once' applies in this situation.

The whole cross-slide assembly can
then be removed and placed on the bench
drill, photo 10, to drill into the base for the
setting pin.

For those people with larger lathes

(and hence cross-slides) may find

this approach difficult due to size

and weight of the parts involved. An

alternative method would be to make
a temporary special ‘nut’ to fit on the
end of the column - such a nut would
be an easy fit in the narrow part of the
tee-slot and would have no ‘shoulders’.
In this way, the toolpost and base can
still be clamped together, but easily
removed from the cross-slide for drilling.

Ready for use
That's it - the back toolpost is now ready for

Drilling for the setting pin (posed photo)

maximum clamping force and eliminate the
risk of distorting our rather weak tee-slots.
Our Myford sized tee-nuts start off as
5/8 x 5/16" bright mild steel strip, which is
reduced down in width to 0.520". Ideally,
with bright mild steel equal amounts of
material should be removed from each side
to avoid distortion, but with our short tee-
nuts | doubt that this would be a problem.
Itis preferable that the tee-nut is
machined entirely (shoulders and threaded
holes) without removing it from the vice. This
can be accomplished by either supporting
the material on a parallel or recesses in the
vice jaws if available. With this method both
shoulders can be milled by approaching
the material from both the front and rear
directions, ensuring that the final cuts are
taken without changing the depth setting
on your mill. The holes can then be drilled
and tapped with the appropriate thread.
Using this method, the shoulders should be
in the same plane and the threads should
be square to the shoulders. All that is now
required is to deburr the tee-nut ready for
use. Photographs 7 and 8 show machining
the shoulders and tapping for the stud (or
screw) on a sample tee-nut (please note
that as | already had the tee-nut for this
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job, I chose to machine a different design to
illustrate the process).

One final word about using tee-nuts - on
the smaller lathes (or milling machines) it
is quite easy to break open the tee-slot by
‘jacking’ the tee-nut upwards if the screw
protrudes through the nut and contacts the
base of the tee-slot - | understand that the
Myford tee-slot can be particularly prone to
such damage.

The base assembly, complete
with tee-nuts is shown in photo 9.

Setting the toolpost

All that remains now is to align the
toolpost on the base so that the
hole for the locating pin can be
drilled. The aim here is to be able to
set the parting tool at exactly right
angles to the lathe bed axis.

This was a fairly simple operation
on the Myford. | fitted a toolholder
onto the toolpost and then
clocked it true to the cross-slide
movement (ie: square to the lathe
bed), tightening the nut when |
was confident that the setting was
correct. There is only one chance of
getting the hole in the correct place,

Py

The Myford parting toolholder fitted to the toolpost

use. Photograph 11 shows the larger of the
two Myford parting toolholders in position,
while photo 12 shows a homemade
chamfer tool.

References.

Ref 1 Square Meehanite bar is available
from M-Machine in both 50mm and 55mm
sizes, and Noggin End in 50mm.
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Counterweight for

a Seig SX2P Mill

Phil Dawes takes a balanced approach to milling with this popular machine.

ambition to own a milling machine

and finally decided to purchase a Seig
SX2P Milling/ Drilling machine from Arc
Eurotrade. | based my decision on three
features of the machine. The first was
that the motor was of the latest brushless
type which have high torque at low speed
and was belt drive. The second was the
relatively large size of the table and the
third was that it didn't have a tilting column
which | considered a weak design feature
reducing its rigidity and having limited use.

The machine arrived promptly and |
unpacked and set it up on a purpose-built
cabinet. Prior to ordering, | had read and
watched all the information on various
websites in which other users described
their experiences when using the machine
and the various modifications they had
made to enhance the usefulness or solve
the limitations of its design or construction.
One of a number of problems highlighted

and discussed at length on various websites
and published articles, is known as ‘head
wilt' whereby a torsion spring intended to
counter the weight of the head has a rapidly
diminishing effect as the head is raised by
the rack and pinion feed handle This means
that the only way to prevent the head from
sliding back down the column under its
own weight, is to tighten the gib strips and
rely on the increased friction so generated.
Sadly however, this means that as the head
is lowered the combined effect of increasing
force from the torsion spring and the gib
friction makes the head difficult to move
smoothly and is not helped by a fair amount
of backlash between the rack and pinion.

&7
£ 47

I ate last year | realised a long-standing

Chain terminal on mill ead
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The fine head control wheel was also
very stiff and | actually fitted it with
capstan handles to make it easier to
turn. | experienced this undesirable
effect soon after starting to use the
machine and found it difficult to drill
small diameter holes as there was no
‘feel’ at the feed handle.

| found a number of solutions
on the web that other users
had employed to improve this
situation and a company in USA
(Little Machine Shop) actually
sell an expensive conversion kit
which replaces the torsion spring
with a gas strut fitted inside the
mill column to counteract the
head weight. Although this is
obviously a big improvement on
the inadequate torsion spring
arrangement, the force generated
by the strut is still non-linear. |
subsequently found out that the
increased footprint size of the new
brushless motor precluded the use
of this conversion on my machine.

Other solutions seen involved the
use of cables and counter weights
or lever arrangements. It was one
of these solutions which prompted
me to try the simple counterweight
method of reacting the head weight
and had the advantage that it would
be truly linear i.e. the reaction force
would remain the same regardless of the
head position. My two criteria were to make
as little modifications to the mill as possible
and to be relatively inexpensive in case it
wasn't a success!

Basic Arrangement

The basic arrangement is shown from the
rear of the machine in photo1. It consists
of a cycle chain attached to the top of

the head which then runs over two cycle
sprockets held in a bracket mounted on the
top of the mill column. The chain then runs
down the back of the mill, through a hole

in the top of the cabinet and is fixed to an
open fronted counterweight box.

Chain to Head Attachment

As | didn't want to drill more holes in the
mill than necessary | decided to utilise
the two rear bolts which hold the motor
mounting plate to the plastic drive belt
housing. The housing has M6 brass thread

Mill counterweight from the rear

inserts moulded in and seemed quite strong
enough to support the loads involved. These
bolts are actually fitted through slotted
holes in the mounting plate to allow belt
adjustment, but as the belt is toothed | didn't
anticipate too much adjustment would be
needed.

I cut a four inch length of 3/ x 3/8" BMS,
marked the centre on the 3/4" face and
drilled and tapped M12 through. | then
drilled M6 clearance holes 25 mm either side
of centre to align with the holes in the motor
mounting plate and belt housing.

I chucked a length of 1/2" diameter BMS,
turned a 3/8” length down and threaded it
M12. | parted off a further 1/2" length and
screwed it tightly into the beam with a dab
of Loctite. | then set it up in the mill and
machined an eye to fit between the cycle
chain side plates, securing it with an M3 nut
and bolt, as shown in photo 2. Two longer
M6 caphead bolts were required to attach
the beam to the head.

Model Engineers’ Workshop



Sprocket components

Sprockets

Two fixed wheel cycle sprockets and a
matching 3/32" chain were purchased from
‘Single Speed Components’ for the sum of
£13 post free (usual disclaimer). The number
of teeth was not important for the design
but | chose 18 teeth to make it easy to

hold them in a 3-jaw chuck. The sprockets
turned out to be around 3" diameter. Each
sprocket was set up in the chuck and the
internal thread machined away to leave a
smooth bore.

Flanged bushes were machined from
light alloy to be a good fit in the sprocket
bores and secured with Loctite. Each
bush was then bored 10mm diameter for
clearance and a recess machined to accept
a 22mm x 7mm x 8mm bore ‘skate bearing'
Care was taken to ensure that the sprocket
teeth were in line with the centre of the
bearing to avoid side loading. Concentricity
of the assembly was not important as the
sprockets only make about one revolution
during full head travel. The object of using
bearings was only to reduce friction.

Sprocket Brackets

These were cut and formed from 3mm
aluminium alloy sheet using a cardboard
template to determine the correct spacing
of the sprocket axles. It was considered
important to position the front sprocket
such that the chain pulled the head up
parallel to the column and in line with the
centre of the slide ways. The rear sprocket
was positioned so that the chain would
avoid the electronics box attached to the
column and pass down through a hole
bored in in the top of the cabinet.

Assembly

The sprockets were mounted on axles made
from lengths of 8mm diameter steel rod
cross drilled for split pins. The brackets were
connected together using two M6 bolts/
nuts with suitable width spacers to provide
working clearance for the sprockets. The
components are shown in photo 3.
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Each bracket was bolted to the top of the
column using two M6 bolts screwed into
holes drilled and tapped into the casting.

A hand-held power drill was used and care
was needed to avoid the drill encroaching
on the large casting radius inside the
column, as this would have thrown the drill
off centre. A special extended tap holder
was made to thread the holes.

It was found that the plastic stop screwed
to the column to limit the upward head
travel fouled the chain so it was removed
and a new stop incorporated into the right-
hand bracket. The complete assembly fitted
to the mill is shown in photo 4.

Weight Box

This was made from 12mm plywood
glued and screwed together in the form
of an open fronted box. It was attached
to the chain with an M3 nut/bolt and two
L brackets bolted to the top of the box
and initially it just hung from the chain.

Bracket installed

Mill Counterweight ”

However, it was found to rattle against the
cabinet when taking intermittent cuts so
was constrained with a simple guide system
allowing it to slide up and down smoothly.
The length of the chain was adjusted so
that the box didn't touch either the top or
bottom of the cabinet during full head travel.

The weight consisted of layers of lead
sheet (cut from the flashing removed from
an old conservatory roof) thus allowing
close adjustment of the load necessary to
balance the head.

The correct weight was determined
by first disconnecting the torsion spring
with the head at its maximum height, i.e.
minimum torsion spring force. The head
was then lowered to its minimum position
and its gib screws slackened. Weight was
then added to the box until the head could
be easily wound up and down by the feed
handle but remained in any position. The
gib screws were then carefully adjusted to
provide minimum slack in the head without
binding. It was found that a mass of about
14.5 kilos (measured crudely on a bathroom
scale) was necessary to balance the head
but subsequently an extra 2 kilos were
added to provide an upward bias to the
head to give a suitable feel when drilling.

Conclusion

I have found that this modification has
greatly improved the ease of use of the

mill as a precision drilling machine and as
an exercise | was easily able to drill a Tmm
diameter hole through 3/8" mild steel.

The fine head control wheel also turns

far more smoothly although | now always
use the head lock when milling. The only
disadvantage envisaged (though not yet
experienced) is if drilling thin material with a
large diameter drill the slack in the rack and
pinion may allow the drill to ‘grab’. | have
read that some users have packed out the
back of the rack with steel shim to reduce
the clearance with the pinion so this may be
a project for the future! m
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Printer

It's model
engineering, Jim.

Our MEW Editor, Neil Wyatt had never used a 3D printer before reviewing a
Dremel 3D40 Idea Builder over the holiday period - Part 1.

DREMEL SD40 # %

o DEA BUILDER

3 PRINTER

The Dreme/ 3D4O printer, boxed up

his brief series will be a bit different
from the usual fare in MEW for
several reasons. First of all, it's about
3D printing and that in itself is still a little-
visited topic in these pages., secondly
it's a going to be a bit of a mixture: part
review, part 'this is what | learned about 3D
printing), and part tutorial.
The practical experience of using a
3D printer has totally transformed my
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DREMEL

3040-01

perspective on the capabilities and
usefulness of this new technology. It may
not be everyone's cup of tea, but I can see
3D printers becoming as commonplace in
the workshop as any other machine.

The Dremel 3D40 is aimed at both the
home and educational markets - there are
dedicated educational packages available

.

B

that include lesson plans, this means
robustness, reliability and ease of use are
important as well as the quality of the final
product. Like most 3D printers it is a ‘fused
filament’ design and the basic principle
is no more complex than squirting out a
narrow bead of hot plastic to build up a
three-dimensional object in layers.

The printer arrived in a large and heavy
box. Inside the plain outer carton was the
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Recyclable papier maché packing protects the printer well

display box, photo 1. Opening this, photo produced the printer itself,

2, revealed the manual and what turned photo 4, much larger than

out to be the build plate - toughened glass | had expected, roughly

sheet in a plastic carrier, together with a 500mm wide and 400 deep

few sheets of build tape, of which more and tall. Unwrapping was

anon! Inside the very robust egg-carton something of a mission,

style packing, photo 3, a rather tricky lift especially as | had to keep it intact for

The printer is very securely wrapped!
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returning the machine, but eventually |
extracted several bags of accessories and
bits, photo 5. These included what looked
like a posh wallpaper scraper that | later
discovered was a ‘special removal tool, of
which more later...

The machine itself, photo 6, looks very
different from the familiar reprap machine.
It has contemporary styling, fully enclosed
with a colour touch screen on the front of
the base. The screen, photo 7, is reasonably
large and uses easily read fonts.

Naturally | went straight for the ‘quick
start guide’, this showed me how to feed
the filament. | had imagined this was rather
difficult, but actually it was very easy, the

Even with packing, the printer virtually fills

Model Engineers’ Workshop



3D Printer ||

DREMEL 2D40
IDE } DER

The colour screen is very legible

filament is well behaved (it doesn't try and
jump off the reel) and the screen guides
you through each step with pictures. The
filament reel is totally enclosed, but this
does limit you to 500-gram reels, photo

8. | attached a sheet of build tape to the
build platform and then attach this to a sub
platform on the machine, photo 9.

Once | had plugged in the printer, | had to
level the platform This is a semi-automated
process where a probe takes three readings,
two of which are over adjustment screws,

' i~ . and the screen tells you which way to turn
The machine out of the box, but without build tape applied the screw and when you have got it right. |
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Dreme/’s 500-gram reels of PLA fit into the side of the machine,
behind a twist off cover

" . BT Al ™

Tl startsiup— by draWing a ‘skirt’ around the part, then building ; D e -
the part up in layers. The loose material at bottom left is some I should Unfortunately, the large build head of the Dremel makes it hard to see
have removed from the extruder after | set up the printer progress with smaller models

. ? 2 found that for the first dozen prints | had to
12 ™res — make small adjustments after every print.
Once the machine had ‘settled in’ though,

| found | could even remove the platform
(see later!) and after replacing it the level
check would normally not require any more
screw twiddling.

Atest print was as simple as selecting
‘build’, choosing an on-board sample and
pressing start! The machine warmed up,
cleared the nozzle, drew an outline ‘skirt’
then proceeded to make a rainforest frog
(‘Al') sitting on top of Dremel’s Idea Builder
logo, photos 10, 11 and 12. If you look
closely at photo 11, you will see that the
base of the object was filled with an open
‘honeycomb’ rather than being solid. The
quality of the print was excellent, as good
as anything | had seen produced by a 3D
printer before.

| must admit, | was astounded, the whole
process was not really any more involved
than setting up an inkjet printer in the days
when you had to align the heads. | was also
impressed by how quiet the machine is, it
does hum away to itself and it has a fan on

QUSCIETIS P . . : the back, but mostly it is no noisier than my
. : ! \ i = = . laserjet printer.
3 AR 5 4 B AV S - Naturally, | wanted to do something
First test out of the box: Al the Frog on the Idea Builder logo useful with the machine, so my next step
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Printer

Gottpesot Mol £ bant | bigiress . | Cotlent

-

thingheerse.com

Thingiverse

g Stratocaster Guitar

* thingiverse guilar =

Thingiverse is full of free printable objects to download

was to see if | could find a customisable
object on the Dremel website. | found a
customisable dog tag, into which | could
type three short lines of text and download
as an STL file. There are many other
websites offering objects for free or paid
download, such as Thingiverse, photo 13.

Dremel supply two programs for working
with STL, OBJ and other 3D files to prepare
them for printing. The one | made most
use of was Autodesk Print Studio, mainly
because the other one, 3D Builder seemed
rather simplistic. Revisiting 3D builder, | can
see itis actually rather capable and has a
few features that print Studio lacks, such as
basic 3D design functionality.

Using Print Studio was simple enough, |
selected the 3D40 printer and ‘dragged and
dropped’ the dog tag on to the program
screen. You then get six buttons across the
top of the screen, photo 14, and a 3D image
of your object on a large picture of the build
plate. I later discovered that some objects
will appear huge or just an inconvenient
size. It's easy to switch between inches,
millimetres and centimetres and you can
also scale your object at import time.

Once you have imported all the objects
you want to print (you can have more than
one at a time) you move to ‘layout’. The
scaling options remain, but you can also
arrange and rotate your objects. There are
also options like ‘lay flat' and ‘move to build
surface’. Lay flat should settle your object
if itisn't already in good contact with the
build plate but oddly it sometimes chooses
to angle the object on a narrow facet rather
than a broad base!

Repair is the next stage Usually you will
get a green tick with ‘no problems’ but
sometimes there will be errors, such as the
object ‘floating’ above the build plate or
worse - holes and ‘non-manifold vertices),
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An object that may be familiar to MEW readers imported into
Autodesk Print Studio
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Errors in a 3D model highlighted by Print Studio

these are highlighted by dots in photo

15. No - | don't understand non-manifold
vertices either, even after reading the
Wikipedia article on them. Basically, these
are things that confuse the printer, and
fortunately they can usually be cured with
a single click. If repair fails, you have to edit
your object (which can be tricky!), or use
another repair tool. | found that Microsoft's
website at tools3d.azurewebsites.net/
allows you to upload and repair files

that Print Studio couldn’t. Although the
‘repaired’ file was in a new format Print
Studio accepts it OK, typically finding new
errors that it fixes easily. The repair screen
also allows you to ‘slice’ an object, useful

if you have something without a flat base
that you would prefer to print as two
halves.

Once repaired we move onto supports.

If you skip this step they are added
automatically, if needed, but you can also
add them manually, or edit out unwanted
ones, refer back to photo 14.

The next step is ‘preview’ which is literally
just that, you can step through the build
seeing how the layers will be built up - this
is a good point to spot errors, such as poor
contact with the build plate (you can go
back and use slice to remove any unwanted
protrusions) or parts of the model with
no support. Photograph 16 shows a
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Previewing the stages of a print

layer of a small gear that | printed off for a
forum member. Preview also gives you an
estimate of build time, which tends to be
rather pessimistic.

Swapping the USB key to the printer -
the socket on the front is a bit exposed
- and it's easy to select your file from the
build menu and away you go! Watching the
object build is strangely addictive, as you
start to notice all sorts of subtleties - the

Printing a driver figure from ARD Digital’s file

thickness of the layers is produced by the
end of the nozzle ‘smearing’ the filament,
for example.

Now this ‘workflow’ sounds very simple,
and left me thinking that it wasn't very
‘customisable’. It was only after several
days that | noticed some text near top
left in a faint grey that announced ‘PLA
1.75mm, Dremel 3D40, Standard'. Clicking
on this came up with a dialogue that gave

A test print of the mantlet and twin machine guns for a 1:6 scale Vickers Light Tank
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me three presets: best, standard and

draft. It also gave me access to five basic
settings, layer height from 0.1to 0.3 mm,
number of perimeters (how many solid
layers around the outside of your shape),
sparse infill pattern and density (rectilinear
grid or honeycomb) and enable raft. The
raft is a thin, peelable, base printed under
the object which improves adhesion,
particularly useful for tall, thin objects.

There are also ‘advanced’ settings,
suffice to say there are twelve groups with
from three to twenty settings. | won't go
into these at all, aside from saying | found
that making the supports a bit smaller was
helpful for smaller objects.

In | the last issue we featured ARD
Digital’s 3D printed figures for 16mm
railway enthusiasts. They kindly sent
me an OB file for one of their engine
driver figures, which | was able to
enlarge to suit my loco, Southam. The
tall, thin figure benefited from plenty
of support. Photograph 17 shows the
print in progress. If you ae interested
in these figures, visit their website at
designscanprint3d.bigcartel.com to see
more examples of these very reasonably
priced prints.

I think that the use of excellent defaults
for the built-in settings is one reason why
the Dremel 3D40 really is a ‘plug and play’
device without the long trail and error
setup which most kit built machines require.

Next time, | will look in more detail
at the capabilities of the Dremel 3D40,
tackling some large and complex objects.
| will highlight some of the lessons | have
learned about the practicalities of 3D
printing, with some examples of objects,
such as that in photo 18, that | have
designed and printed myself. m
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An Improved Tool
Height Indicator

Tool Height Indicator ”

Warren Jacobs in Australia describes his dial reading tool height gauge.

aving made a new quick change tool
H post recently, | looked at my old tool
height gauge; a fixed position bar on

a stand and when the tool tip touches the
underside then it is on centre.

| thought it looked a bit primitive, so |
decided to make a new gauge with some
sort of dial to show when centered, (I like
direct reading indications) so back to eBay
and have a look in the measuring section of
metalwork to see what is available.

Lots of dial devices were displayed, but
| did not want a micrometer type as they
are too sensitive, but one that caught my
eye was a leather thickness gauge, photo
1, which also shows where it was modified.
It had a large dial, calibrated in 0.1mm
steps, a 20mm total movement, was on a
nice shaped frame and best of all only cost
$5.50 post free. There was, however, a long
plunger protruding from the top which was
puzzling to see how it worked; to measure,
did it move up or down, but for $5.50 it
looked interesting, so get it anyway.

Since | purchased my gauge there is now
a bigger variety of similar ones available.
The unit arrived, then | discovered that to
measure anything you had to press the
spring-loaded plunger down on to the
object and it returned up when you let go.

I would have preferred it the other way
round, so now what to do. Not wanting to

The spring.
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Cut
Here
The gauge as supplied.

open up the dial and perhaps breaking it,

I thought a suitable spring placed on the
outside of the plunger in the down position,

And tted.

would equalize and make the movement
half way. In the all sort spring box, | found
one that was just the right fit with light
compression which held the plunger
position halfway, photos 2 and 3. To hold
the spring on the plunger, the original
pointed tip was unscrewed and a flat face
tip, slightly larger than plunger diameter
was turned from brass and screwed on

Now it was worth while to press on
and complete the project. The following
description should suit any lathe with a
centre height similar to a Myford, say three
to four inches.

The idea was of course to make the dial
read zero at centre height of the lathe and
to do this the frame of the indicator has to
be cut and lengthened, and the base of the
stand must grip the cross slide against the
plunger spring tension when measuring.

To find this new height, set a flat top test
bar in the tool holder, at exact centre height
and measure from the cross-slide surface to
the bar top.

Lock the dial plunger then cut the frame
at the point indicated on photo 1, hold the
frame and mill the end for a half lap join
about 12.mm long. The extension piece of
aluminium bar can be milled down to the
size of the frame and about 45mm long,
then half lap one end to suit the frame
shape. Place the two half laps together
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and drill and tap for the securing 8BA
countersunk screws, and then temporarily
join together.

Leave this part for a while, next job is
the base. This is made of aluminium bar
15 %10 x 42mm long and to hold it down
firmly to the cross slide, | bought a packet
of 20 Neodymium magnets from E-Bay,
7mm diameter x 3mm high for $2 post free,
only three magnets are needed. The base
is drilled as shown in fig 1, but make the
holes slightly larger and deeper than the
magnets, the two smaller holes are to fix
the frame to the base but make sure the
counter sunk screw heads will be clear of
the base surface.

After drilling the holes take a light cut
across this face to ensure that the base
sits flat on the slide with no rocking, or rub
gently on emery cloth on a flat surface, in a
figure eight pattern.

To find the new height of the frame,
raise the dial plunger to read zero and
lock, measure down from the plunger
tip, the dimension you got from centre
height, minus the base thickness and
scribe a line across the frame at right
angles to the plunger, cut here and drill
and tap 8BA into this end, for securing to
the base. For ease of adjusting the frame
later, perhaps cut the frame a little longer
than the scribed mark.

The indicator on the lathe.
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The -base, showing the magnéts.

Temporarily screw the frame to the base,
hold the base firmly on the lathe slide,
check that the dial outer ring has the zero
at the top centre and see if the dial reads
zero when the plunger is placed on the test
centre tool height bar.

If the reading is under zero, you can
either take a little metal off the top of the

base, or reduce the length of the frame, if
the reading is over zero your frame is too
short so either a new frame piece is needed
or perhaps a shim between base and frame
may help, or if the reading is one or two
divisions either side of zero, you may prefer
to rotate the outer dial rim to zero, this will
only move a few divisions either way, so you
have to be close.

All being well, now to fix the parts
together permanently. The magnets for
the base have to be selected by marking
one face of each with a marker pen to
indicate an attracting pole. Use a fourth
magnet to determine these pole faces,
two marked faces down and one marked
face up, this will ensure that the base
has a good magnetic grip on the cross
slide. Smear a little epoxy glue around
the sides of each magnet, push them into
the base holes as indicated in photo &,
then place the base, magnets down, on
a flat steel plate, clamp the base firmly
down and allow to harden. The magnets
will pull themselves down flat to the plate
while the epoxy is wet. Don't use loctite
to glue the magnets in; it's a lot thinner,
if any flows down between the base and
the magnets, the lot will stick to the steel
plate. Assemble the frame to the base with
the 8BA x 12mm screws and loctite, and
the half lap join with its screws and loctite
between. | put in a small 1.6mm roll pin for
extra rigidity. After everything is dry, there
should be no movement in any part of the
frame; otherwise your centre reading will
vary when in use.

Do a test now, place the indicator on the
cross slide, hold the plunger up and rotate
the test bar set to exact centre height so
the bar is under the tip then lower the
plunger, you will be surprised how strong
those magnets are, the dial should read
zero, or rotate the dial slightly to read zero,
this is now set, photo 5.

Every time you use the indicator you
can be assured the tool is within 0.1mm of
centre and that is good enough for me. m
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a bench grinder

Further

Grinder Modifications ”

Michael Cox revisits the subject of a recent article for some further fettling.

modifications to an old bench grinder

so that | could use a cheap diamond
disc, purchased from Aldi, to grind carbide
tooling.

Very shortly after completing the
diamond disc conversion | realised that
the broad face of the diamond disc would
be perfect for sharpening twist drill bits
using my Potts/Picador/Reliance clone drill
sharpening jig.

Having resurrected the grinder from
under the bench and converted one side for
diamond disc grinding and drill sharpening
I wondered whether | could use the other
end of the grinder for something useful. |
decided that a wire brush would be quite
useful for de-rusting and burnishing small
parts. | also noted that certain high end
bench grinders could be fitted with a chuck
on the end of the spindle to allow the use of
a polishing mop or a flexible drive shaft.

Photograph 1shows the completed
grinder after the modifications. On the left-
hand side is the diamond grinding disc and
the drill sharpening jig. On the right-hand
side is the wire brush and the drill chuck.
The diamond disc and table arrangement
are exactly the same as described in the

I nissue 247 of MEW | described some

The modified grinder

previous article but a guard, made from a
cut down polythene food container, has
been added as well as a graduated disc to
indicate the table inclination. The polythene

The drill grinding jig
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The drill grinding jig with the base modified

guard is not there to protect in case the
disc shatters, but just to minimise flying
particles that are ejected during grinding.

Drill sharpening jig

| have a drill sharpening jig, photo 2,

that is based on the Potts/Picador/
Reliance jig. Mine is a cheap clone that

is readily available from many outlets. It
has a number of defects which have been
discussed many times in the pages of this
magazine (and on the ME Forum). However,
after modifying the base to have forward
inclination of 15 degrees from the vertical,
as shown in photo 3, | find that it works
very well.

However, it has not been used a great
deal! In order to use it | have to remove the
guards from my 150mm bench grinder and
then bolt the sharpening jig to the bench
near to it. Then | have to run the grinder,
unguarded, and grind on the side of the
wheel which is against all the advice for safe
use of grinding wheels. Armed with suitable
eye protection, stout gloves and standing
out of the line of the grinding wheel | can
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The base board

then use the jig taking very small cuts. This
method is time consuming to set up and
potentially hazardous in operation.

| quickly realised that the diamond disc
grinder would be ideal for use with the drill
sharpening jig. The grinding rest folds down
allowing easy access to disc. The disc being
made of steel is not likely shatter. | made a
quick lash up of grinder and jig on a piece
of old timber and it worked very well. On
the basis of this | designed and built the
base board shown in photo 4. This shows
the four bolts for mounting the grinder on
the right-hand side. The 8mm pillar at the
top is a parking post for a drill chuck, see
later. The two bars on the left-hand side
are guides for the base of the sharpening
jig. Between the two bars is the bolt that
secures the jig base to base board.

The base board is just a piece of
melamine laminated chipboard. Four 6mm
holes were drilled to match the pattern of
the screw holes in the base of the grinder.
Four M6 bolts with square anti-rotation

held down with M6 nuts. The sharpening jig
base was attached using similar bolt.

The jig base has also been modified to
provide a screw feed to advance thejigina
controlled way. The arrangement for doing
this is shown in photo 5. A vertical plate
has been attached to the base of the jig
using two M3 screws. This plate has been
drilled and tapped M6 12mm up from the
base board. The feed screw and associated
components are shown in photo 6. The
12mm square bar is 62mm long and drilled
out 4mm diameter 12mm from the base
board when sitting on top of the of the
guide bars. The feed screw is a 52mm
length of M6 threaded rod that was turned
down for a length of 25mm to make a free
fit in the 4mm hole in the square bar. The
last 13mm of the 4mm section was threaded
M4, The knurled aluminium adjuster knob
was made by knurling a piece of 12mm
aluminium for a length of 15mm. It was
chamfered at the end and drilled through
3.3mm for a length of 16mm and tapped

: iy
fer rff['rrl f

The base advance mechanism

shoulders were inserted in these holes
and drawn in using a washer and nut. The
grinder just slips over these bolts and is

L |44 11 WA A 444

The feed screw components
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M4, It was then parted off at 15mm.

The 4mm diameter end of the feed screw
was passed through the 4mm hole in the
square bar. The knurled knob was screwed
on the threaded end protruding from the
square bar until there was little longitudinal
play but the feed screw rotated freely.

The adjuster was locked in place with an
M4 grub screw. The M6 threaded end of
the feed screw was then screwed into the
vertical plate at the end of the jig base. and
the square bar secured through the guide
bars using woodscrews.

Note the collar around the securing bolt
in the centre of Photo 5. This is to raise the
nut up so that it can be tightened without
the spanner constantly hitting the end of
the feed screw.

Photograph 7 shows the arrangement
for drill sharpening. Note that the grinding
rest is folded down and that it does not
interfere with the sharpening jig. This is
very quick to set up and much safer than
the arrangement | have used previously
for sharpening drills. The diamond disc
gives good results on all the drills | have

Model Engineers’ Workshop



Grinder Modifications

This shows the grinder set up for drill
sharpening

tried, including masonry drills. One added
advantage is that the diamond disc creates
no sparks when grinding steel. If the drill
sharpening jig is removed from the base
the then the grinding rest can be raised
and used as normal.

The other half.
Bench grinders are supplied mounted
with a grinding wheel on both sides
of the motor. All the modifications
described above were made on the
left-hand side of the bench grinder. |
already have a 150mm bench grinder
which can cope with all my grinding
needs on HSS lathe tooling so | do not
need a grinding wheel on the other side
of the modified grinder. | began to think
what other facilities might be added to the
right-hand side.

| have the usual brutal type of twist knot
wire brushes that are used in an angle
grinder but nothing that is more gentle
and | thought that one of the softer wire
brushes mounted on the grinder might be
quite useful for de-rusting and burnishing.

Looking around at some of the upmarket
bench grinders some had an accessory kit
for adding a drill chuck to the end of the
grinder shaft. that could be used to power
a flexible shaft or hold a polishing mop.
This seems like it would be a worthwhile
addition.

| ordered a 125mm wire brush off of ebay.
This was branded Silverline and it was the
type with soft bristles. It was supplied with
adaptors for shaft sizes of 1/2"” and 5/8". |
already had a 0-10mm drill chuck with a
3/8" x 24 tpi internal thread. The right-hand
side of the grinder had a M12 right hand
thread nut to clamp the grinding wheel to
the shaft and | had some 40mm long M12
connector nuts. These three components
are all shown in photo 8.

Using these components all that was
necessary was to make two washers to go
either side of the wire brush and shorten

February 2017

The connector nut, chuck and wire brush

9]

The guard after drilling the
hole for the chuck.

the connector nut to a sensible length and
screw this on the shaft to fix the wire brush
in place. | could then make an adaptor with
an M12 thread at one end and a 3/8" x 24 tpi
UNF thread at the other to connect the drill
chuck to the M12 connector nut.

The guarding on the right-hand side
was dismantled. With the guarding off
the old grinding wheel was removed. The

centre of the right-hand guard cover was
marked and centre punched. The cover
was clamped with g clamps to the drill
press table and a hole 28mm in diameter
was drilled using a step drill, photo 9.

This hole was to allow the chuck to
protrude.

The connector nut was chucked in
the lathe and faced off square.

The centre hole of two 30mm
diameter penny washers were
drilled out to 12.5mm. These were
place either side of the wire brush
and this was slid onto the shaft. The
connector nut was then screwed

down hard on the shaft to retain the
wire brush. The guarding was then re-
assembled onto the grinder. The end
of the connector nut protruded though
the hole in the guard cover. A standard
19mm spanner was used to mark the length
of connector nut that needed to protrude
from the guard. The connector nut was
undone and shortened to the marked
length using the band saw. Finally, the
nut was chucked in the lathe and the cut
end faced square. The shortened nut was
screwed back on the shaft and tightened
down. Using callipers as a depth gauge
the distance from the end of the nut to the

The chuck, threaded adaptor and shortened connector nut
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beginning of the shaft was measured to
determine the length of thread required for
the drill chuck adaptor.

A piece of 1/2" steel round was chucked
in the lathe and the end faced. This was
turned down to 3/8" for a length of 16mm.
From the shoulder it was then turned down
to 12mm for a length of 13mm. Using a
parting tool run out grooves were formed
at the shoulder and at the end of the 12mm
section. Using a 60-degree threading tool
the 3/8" section was threaded 24 tpi and
the 12mm section was threaded M12. In
both cases the threading was continued
until the 3/8" section would just screw onto
the chuck and the 12mm section would just
screw into the connector nut. To ensure
concentricity it is important that all turning
and threading are carried out without
removing the bar from the chuck. Finally,
the threaded piece was parted off from
the bar at the second run out groove. The
extended nut, the threaded adaptor and
the chuck are shown in photo 10.

The threaded piece was screwed into the
chuck. It was gripped by the 12mm section

in aluminium vice jaws and tightened down

hard. The chuck was screwed into the
connector nut.

The right hand side of the grinder after modification

The chuck parked on its storage pillar

Photograph 11 shows the completed
modifications to the right hand side of
the grinder. Fast turning wire brushes
can eject wire bristles with considerable
velocity and have enough momentum to
penetrate clothing, eyes and skin. Always
wear eye protection and stout gloves
when using them.

| do not have room in my small
workshop to leave this grinder out all the
time and | keep it in a deep draw under
the bench. It will only fit in the drawer if
I remove the drill chuck. In order to keep
the grinder and chuck together the chuck
stows onto the 8mm pillar at the back of
the grinder. Photograph 12 shows the
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time whilst the offer is on. You can never be
certain when or if the offer will be repeated.

I have searched for similar discs to the
Aldi disc on the internet and | have not
found an identical article. However, | have
found a company called AIM-Tools that sell
a number of different types of diamond
discs. I have purchased a 115mm diameter
disc from them which is very similar to the
Aldi disc, Photo 13. This disc does not have
a depressed centre so | have had to modify
N C the arbour to use it. The disc is double

q sided and can be used for cutting as well

as grinding. The diamond grains are similar
in size to the Aldi disc. Tests indicate that it
works just as well.

The website for AIM-tools is http://stores.
ebay.co.uk/AIM-Tools m

chuck parked on the pillar.

Conclusion

This project started with the

simple aim of being able to

grind some brazed carbide

tooling. It finished by providing

facilities for grinding carbide,

safely sharpening twist drills,

wire brushing, polishing and being

able to power a flexible drive. It cost

almost nothing since only salvaged

machines and parts were used.
Note on sourcing diamond grinding discs.
The problem with Aldi special buys is

they are only available for a short period of

The disc from AIM-tools
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Universal screw

modification

fixture

John Ashton describes a useful device to simplify
the holding of screws for machining - Part 2
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ote! If you are going to screw-cut
N the thread and the thread form

you decide to use has a crest radius
then you will need to machine your bore
size slightly larger to eliminate the crest
radius, unless you decide to chase the
thread afterwards, but | think this is taking
the refinement of the fit beyond practical
necessity, if the fit of the mating threads
feels right it usually is. Also, remember to
machine an undercut at the bottom of the
counterbore, as shown in fig. 1.

This is as far as you want to go with the
machining of the clamp nut at the moment,
see photo 11, as you are going to use it as a
gauge for machining the fixture housing. The
machining of the opposite face of the clamp
nut will not be finalised until the machining of
the fixture housing is complete.
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Fixture housing, fig. 2
Depending on your available equipment
you can machine from bar stock and part
off or cut off a billet. Position your bar
stock or billet such that you have enough
protruding from the chuck to machine the
mounting spigot and shoulder diameters.
The first step is to face off and machine the
shoulder diameter to size, 30mm diameter
by 40mm. Next machine the mounting
spigot diameter to size, 20mm diameter
by 25mm |g. Next mark the shoulder
diameter in line with the chuck line-up
marks, see photo 12. It is important to
mark the line-up position to minimize any
possible eccentricity of the fixture each
time you position it in the chuck. If you are
machining from bar stock, move the bar
stock out enough for parting off to length

plus a couple of millimetres, then part off,
if machining a billet turn it around in the
chuck. Position the mounting spigot in
the chuck ensuring you line up the line-up

i ;
Nut at this intermediate stage
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Screw Modification Fixture
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Threading the housing

Note the centre pop for alignement

out. Next | machined the 177mm locating
diameter for the clamp nut, using the partly
machined clamp nut as a gauge to obtain a
close slide fit. | completed the machining by
drilling through 6.5mm, and then machined

marks. You are now ready to complete the
machining of the fixture housing, reference
fig. 2. Cutting large diameter threads

with a die can be problematic when you
require concentric accuracy so | decided

to thread cut the 3/ inch by 40 tpi thread.
First, | machined the outside diameter of
the thread and undercut for thread run

. i.r'..l h q ! ‘_"__.."
: Drilling tapping size for the Thread Adaptor Yl 4
Assembled with the nut mounting holes Tapping the Thread Adaptor mounting holes
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the flat-bottomed counterbore, for the
back stop, 12.7mm by 50 long, photo 13.
Finally, | cut the thread, again using the
partly machined clamp nut as a thread
gauge to achieve a close fit thread, see
photo 14. Do not remove the completed
fixture housing from the chuck just yet.

Completing the clamp nut

Before removing the fixture housing

from the chuck, screw the clamp nut fully
home onto the fixture housing and face

off and chamfer to length, photo 15, this

is to ensure the face of the clamp nut

is perpendicular to the fixture housing
centreline, now you can remove the fixture
housing from the chuck. The next step is
to machine the thread adaptor retaining
screw threads, two 6BA or M3 x 12mm deep
pitched at 21mm, equally spaced about

the centreline across the corners of the
hexagon, so that the screw heads don't
protrude outside the clamp nut. | machined
them using a set up on my milling machine,
photos 16 and 17, alternatively you could
machine a thread adaptor first and use it as
a drill jig to spot through to the clamp nut.

Thread adaptor

Machine the adaptor, fig. 3, from bar stock.
First face off and machine the outside
diameter 20mm, then machine the location
diameter 17mm, a close fit in the clamp nut,
3mm deep, photo 18, part off the blank to
8mm or 9mm in length. Next position the
location diameter in the chuck and face off
to 7mm in length, photo 19. Next machine
the mounting holes and counterbores.
Using the same mill set-up as the clamp
nut, machine the two mounting holes 3mm
and counterbore 5 x 3mm deep, pitched at
21mm equally spaced about the centreline,
to match the clamp nut, photos 20, 21 . ———

and 22. Alternatively mark out and centre Centring the Thread Adaptor mounting holes
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Drilling the Thread Adaptor mounting holes

pop the mounting hole positions then drill
and counterbore on a pedestal drill. If you
prefer you can leave out the counterbores,
if you don't mind the mounting screw heads
standing proud of the face of the thread
adaptor. While your set up, it's a good idea
to machine a few spare blanks, photo 23.
The final step is to machine the desired
thread type and size. First assemble the
fixture housing, clamp nut and thread
adaptor in the lathe chuck, ensuring you
line up the line-up mark on the fixture
housing with the line-up mark on the
chuck, photo 24. Then centre drill, drill and
tap through the desired thread type and
size, see photos 25, 26 and 27. Remember
to drill the core diameter not the tapping
size, to maintain as close a fit as possible.
Once again, my tapping head adaptor came
in useful, photo 27, be careful with very
small diameter threads to ensure that the

Tapping the desired thread
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Counterboring the Thread Adaptor
mounting holes

tap does not bind too much, you do not
want to end up with a broken tap.

Note! If the thread length happens to be
shorter than the thickness of the thread
adaptor, then you will need to carry out a
further operation to counterbore the thread
adaptor face to reduce the thread length.
Alternatively, you can counterbore the
back face of the adaptor which would be
machined when machining the outside and
location diameters, this may also require a
modified back stop.

Back stop
The Back stop is shown in fig. 4. Depending
on what the final diameter of the back

Machining the centre for accurately
positioning the desired thread core size drill

Screw Modification Fixture ”

A stack of Thread Adaptor blanks

stop bore in your fixture housing is you
can either part off or cut off from standard
diameter bar stock or machine from larger
to be a sliding fit. | did not bother to take
any photographs for machining such a
simple component.

Assembly and Use

Photograph 28 shows the component
parts laid out ready for assembly. First
position the fixture housing into the lathe
chuck, remembering to line up the line

up marks (photo 24). Next position the
appropriate back stop, if required, into
the fixture housing, then, screw the clamp
nut onto the fixture housing. Depending
on what modification you are intending
to carry out, either screw the item to be
modified into the front or back of the
thread adaptor then secure the thread
adaptor to the clamp nut with the two
mounting screws, then tighten the clamp
nut and your ready to go, enjoy your
‘trouble free' screw modifications. m

Component parts of a standard Universal Screw Modification Fixture ready for assembly
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Variable Frequency Drives ”

Variable Frequency £
Drives for a Milling
Machine and Lathe

Adding an inverter or ‘variable frequency drive’ is a popular way to increase the
flexibility of many machine tools. Laurie Leonard describes his experiences.

General Aspects of the VFD
As the VFD unit was to be shared between
the lathe and mill it needed to be mounted
on a plate with a three-phase socket to
enable it to be moved from one machine
to the other. Each of the motors was
fitted with a three-phase plug to engage
with the VFD socket. A panel was needed
to accommodate the VFD unit and the
three-phase socket, photo 1. The support
literature for the VFD stated that this
needed to be fireproof as the unit got hot
so a sheet of 1.5 mm mild steel was used.
The literature also gave the size of air
gaps required around the unit for cooling
air flow. As the mounting position for the
unit for both the lathe and mill was to be
under a shelf this determined the size
of the panel above the unit. To ensure
cooling and protect potential flammable
materials in the vicinity of the panel it was
suspended with cup hooks locating in hole
drilled in the panel.

The control box also had to re-locateable

VFD unit and three phase socket

hand with a three-phase drive but the

seller “threw in" a single-phase motor.
Initially I built a phase converter, ref 1,
utilising capacitors but the three-phase
motor got very hot and did not run up to
speed properly. | therefore adapted the
drive mount and fitted the single-phase
motor and used the machine on many
jobs but decided that an upgrade was in
order and to fit a Variable Frequency Drive
(VFD), going back to a three-phase motor.
Discussing the project with a potential
supplier, ref 2, it was suggested that if |
fitted a similar rated motor to my lathe,
Myford ML7, then | could use the same
VFD to drive both without the need to
change any of the VFD drive settings when
swapping it from one motor to the other.
The THP motor needed for the mill was
larger than that needed for the lathe but |

I purchased the Tom Senior M1 mill second

decided to go with it. The following covers ——
some of the practicalities | encountered in N
the job and the way | got around them. P 1
Control Panel mounted for use on the mill Control Panel mounted for use on the lathe
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Mounting Bracket and shaped Support Plate
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Quick Release Bracket
and mounted in each position in an disengaged so it can be relocated on the
ergonomic way. A support arm was made other machine.
from box section steel terminated in a quick Photographs 2 and 3 show the panel
release bracket which was designed as in and control box mounted for use with the
fig. 1. This provides a sturdy mounting, mill and lathe respectively.
it has to withstand the pressure of the Photograph 4 shows one of the
buttons being pressed, but is easily mounting brackets and the shaped support

Component Parts for one Mounting Bracket and the Support Plate
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Set up for drilling rivet holes

Bracket mounted on milling machine

plate before it was fixed to the control box
arm. The component parts for one bracket
and the support plate are shown in photo
5. As the support plate has to be a good
fit in each bracket, a reasonable degree
of accuracy is needed in manufacture of
the items. Photograph 6 shows the set
up for drilling the rivet holes in one set of
side parts. The paper was inserted to that
the support plate would slide in behind the
front members without too much binding
but minimal slop. Photograph 7 shows
one side riveted up. The support plate was
used to position the other side members
and the drilling and riveting process was
repeated. The completed brackets are
shown in photos 8 and 9 mounted for
their respective machines. In use the
support plate carrying the control box on
its arm, photo 10, drops into the “v" of the
bracket and is clamped by tightening the
red knob which secures the arm/control
box and provides a stable arrangement.
The arm is held in two angle iron brackets,
photo 11. The holes in the brackets are a
good fit for the connecting rod which is
only threaded enough for the nuts so that
the holes in the brackets and arm pivot on
plain rod reducing the likelihood of slop
and arm droop. Nyloc nuts are used which
are tightened to provide for tight frictional
movement.

Attention is now centred on the electrical

February 2017
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One side of mounting bracket riveted up

Control box arm

connections. Instructions were provided
and the supplier was happy to answer
questions but it goes without saying

p that any work of this kind should only
i . be undertaken by those with sufficient
knowledge and skill and if there is any

Arm supports Control box cable support glands >
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Screen braid prepared for sleeving and
connection to earth

doubt about competence then the services
of a professional should be engaged.

The drives were provided with motor
and control cables but all connections had
to be made. The wiring for the VF unit just
connects into the unit's terminal strips. |

Use of heat shrink sleeving

was not happy with this as | felt that some
method of securing the sheaths of the
cables involved was required so | made a
simple steel bracket and provided cable
glands to grip the multicore, mains inlet
and VF output cables. The three glands are
mounted in line and can be seen in photo 12.
Three core (one core for each of the

New mounting studs
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Original mill mounting studs

Box section to provide mounting for new motor

inverter phases) plus earth screened cable
was supplied. The screening helps to reduce
the transmission of interference from

the system. The screen is in the form of a
“braid” over the cores. It is usual practice to
earth one end of the screen (one end only
to prevent the introduction of a circulating
current path via the earth system).
Photograph 13 shows the screen carefully
unbraided and twisted to make a wire. The
motor end of the cable was chosen to earth
the screen and the two connections to the
earth pin can be seen in photo 14.

Heat shrink sleeving was used at the end
of the sheath to trap the end of the screen.
This can be seen in photo 15 which shows
the connections at the plug end of the
motor cable.

The Mill Motor

Installing the motors on the individual
machines threw up machine specific
problems. The original motor was mounted
on top the milling machine using adjustable
studs, photo 16. These were in a bad

way being a motley collection including

Model Engineers’ Workshop
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i A : i ! ,
Unbored sleeve being parted from the excess stock Grooving the sleeve on the lathe to take the key

ke

fabricated ones where the threads were not
concentric. A new set was made using bolts
to match the threads in the machine casting
and metric stud bar, not ideal, photo 17.
Lengths of steel box section were used to
bridge the studs and provide a base for new
holes on the new motor’s footprint, photo
18. Note the spacers inside the box section
to prevent it being crushed when nuts were
tightened down.

The new motor shaft was measured
as 19mm whereas the pulley from the
old set up had a bore of 0.943 inches.
It was decided to make a sleeve for the
larger hole in the pulley. The old pulley
drove via a screw into the keyway on the
motor shaft. Weighing up the different
dimensions the sleeve was designed with a
flange, square in this case as that was what
stock was available, that was bolted onto
the pulley. Photograph 19 shows the as
yet unbored sleeve being removed from
the excess stock with power hacksaw and
indicates the size of the material involved.

Drilling
pulley New motor mounted on the lathe motor platform >
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Extending the lathe motor support platform slots

The sleeve was grooved to take the drive
key. As the mill was in pieces this was done
on the lathe, photo 20. Photograph 21
shows the sleeve in place on the motor
shaft with the key in place. The key
corners just protruded above the sleeve
circumference although not sufficiently
to provide any level of drive, hence the
flange bolted to the pulley. They needed
to be rounded off to allow the sleeve to
enter the pulley bore. Drilling of the sleeve
flange was accomplished on the drill press,
photo 22, with the aid of a rotary table.

The Myford Lathe

Whilst this was a little more
straightforward it had its problems.
Photograph 23 shows the new motor
mounted on the support platform utilising
the existing mounting holes with the
pulley aligned to the lathe drive. It can

be seen that the pulley is barely on the
shaft and the overhang is excessive. This
was solved by inverting the support plate
and extending the mounting slots, photo
24 and remounting the plate, photo 25.
The pulley is now well on the shaft but
must buy a new belt of the right cross-
section! Ideally the pulley should have had
a keyway machined in it and | gave some
thought to buying a keyway cutting jig

or set of broaches but resorted to a screw
locating in the keyway and leaving the
resolution of this as a future project.

Conclusion

The conversions have been successful. The
motors removed, photo 26 being replaced
with two similar motors as in photo 27. As
someone with a hearing disability one of
the outstanding features of the new drive,
especially on the lathe is the quietness

of the system. The lathe is almost silent
removing the urge to shut the motor down
at the earliest opportunity.

References

1 Electric Motors in the Home Workshop,
Jim Cox, Workshop Practice Series 24.

2 Power Capacitors Limited. www.
powercapacitors.co.uk m
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SMOOTH, QUIET, HIGH PERFORMANCE
VARIABLE SPEED CONTROL FOR YOUR LATHE OR MILL

MITSUBISHI ELECTRIC
MITS“B'S“' n]“ﬂ HIGH PERFORMANCE
INVERTERS
For serious machining duty!
240-volt 1-phase input Inverters for you to run a dual-
voltage {Delta wired) three phase motor off your
domestic 1-phase supply. Six sizes from 0.1kW(0.12hp)

to 2.2kW(3hp). CNC COMPATIBLE.

The original and best lathe speed control

system, suitable for MYFORD ML7, Super 7, RAGLAN Little John, &
BOXFORD lathes. Pre-wired ready fo go!
NOW WITH AN AMAZING 10-YEAR WARRANTY!

Power Range: 1/2hp, 1.0hp, 2.0hp and 3.0hp.
Built-in user keypad, frequency display & Digital Speed Smooth control across entire speed range, giving chatter free machining, and
Dial. Unique Emergency Stop Function, an excellent finish that is unattainable with single phase motors!
Advanced Torque Vector control for optimum Quiet, vibration free operation. Fully EMC Compliant.
performance. High Reliability & Long design life. Fully CE/UL Marked and High torque even down to the lowest speed.
RoSH Compliant.
Compatible with our Remote Control stations, and
can be supplied pre-programmed at no extra cost. MITSUBISHI
Prices from £133 inc VAT ELECTRIC

Remote control station Pendants
suttable for use with all our Mitsubishi
ctric, IMO Jaguar CUB and iDRIVE
[l resea M Inverters, Also avallable for other makes and models of VSD
T including TECO, OMRON & ABB.
Industrial grade push buttons;
¥ Featuring START & STOP Pushbuttons, FWD & REVERSE,
RUN, JOG, & VARIABLE SPEED POTENTICMETER.
3-wire control, NVR (No-Volt-Release) function for greater Powered from domestic 240V AC single phase mains.
safety. Beware of low quality copies of our original tried and  Complete electronic motor protection. Featuring START & STOP, FWD & REV,
tested controls. Fitted with 2-metre control cable and RUN & JOG, and VARIABLE SPEED. Simplifies screw-cutting and tapping.
supplied with wiring diagram and programming instructions Designed & Manufactured here in the UK by Newton Tesla,
to suit your ma ke and model of Inverter drive, ISO9001 /2008 Quality Assured.
From £67 inc VAT Prices start from £359 + vat, UK Delivery is £18.

IM“ n 2 I“EHT[HS \ | Full terms & conditions on Extended Warranty are available on our website.
2-YEAR WARRANTY 9 We stock a large range
230V 1-phase input, 220¥ 3-phase output, for you to |, MH“"’ Mnmns of 240V Single Phase
run a dual voltage three phase motor off domestic and 220V/415V  Dual
single phase supply. Four models: 0.4kW (0.5hp) up to Voltage Three Phase motors in standard
2.2kW (3hp). Built-in programming keypad display & Metric sizes. Foot, Flange & Face mounting
Digital Speed Dial. Low-cost Inverter drive with options. 4-pole (1450revs), 2-pole
simplified torque vector contrel. CE Marked. (2800revs) and 6-pole also available,
Compatible with our Remote Control stations, and can

be supplied pre-programmed at no extra cost.
which motor frame sizes go on which

Prices from £127 inc VAT
machine, and will match the correct

7 lnﬁ“nﬂ e“n IHm‘[Bs IMO “Jaguar CUB” High specification of motor for you.

Performance Inverters .
iBg\?"a;-ﬁ:;;a::f:Lt, 220V 3-phase output, to run a dual IMFEHIAI Hmua g:g‘gzofi;n59¢e3pwase

voltage three phase motor off domestic single phase “Dual Voltage” motors in standard imperial [
supply. Four models: 0.4kW up to 2.2kW {3hp). Built-in B56 frame sizes to suit Myford, Boxford and
programming keypad display and Digital Speed Dial. Raglan lathes. Foot, Flange & Resilient
Advanced torque vector control for optimum motor mounting versions available in a range of
performance at low speeds. From £174 inc VAT sizes from 0.33HP to 1.0HP.

We have extensive knowledge regarding

PAYMENT ACCEPTED BY ALL LEADING CREDIT / DEBIT CARDS AND PAYPAL.
TECHNICAL SUPPORT AVAILABLE 7-DAYS A WEEK
CALL OUR SALES TEAM NOW ON 01925 444773

IMPERIAL & METRIC MOTOR PACKAGES, Comprising a Mitsubishi Electric D720S High Performance
a Vector Drive, new 3PH motor, and Remote Control Station. The Inverter drives are supplied ready pre-
programmed and “auto-tuned” to the matched motor for optimum performance. Foot, Flange or Face
mounting optlons 4-pole (1450revs), 2-pole (2800revs) and 6-pole also available. Packages ranging from 1/8HP to 3.0HP. Prices from £208.

U [/l
Newton Tesla (Electric Drives) Ltd, Find us an
Warrington Business Park, Long Lane, Warrington, Facebook
Cheshire WA2 8TX, Tel: 01925 444773, Fax: 01925 241477 i P—
E-mail: info@newton-tesla.com "SPE'-"H"S* VISA
Visit our new online webshop at www.newton-tesla.co.uk 3 4
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SMEE Training Courses

SMEE's unique training courses

start in February 2017 over three
Saturdays with the ‘Part One’ course
(Basic Training). This discusses the
setting up of a workshop, what
equipment is desirable and the basics
of how to use machines and hand
tools. There's also advice on good
suppliers - saving many participants
a lot of money. Each day session
consists of lectures, discussion and
sometimes demonstrations. All are
held at the Society's base in South
London with its meeting room, library
and workshop over three Saturdays.
Previous participants have come
from as far as Yorkshire, Oxford and
Manchester.

The second course, over six
sessions, covers construction of a
small oscillating steam engine and
boiler, T.D. Walshaw's celebrated
“Polly” model. It uses a variety
of metal working techniques
demonstrated on the course. After
each session delegates make parts in
their own workshops in time for the
next session.

Roger Backhouse comments: I
took the ‘Polly’ course four years ago
and | wish I'd taken it years before - it
would have saved me making a lot of
mistakes!”

These courses are open to all but
other SMEE courses including milling
and the practical tool grinding course
are for members only.

Course organiser Allen Berman says
These courses are very popular as
they demonstrate basic metal work
techniques now rarely taught in
schools. They aren’t ‘hands on’ courses
but many participants have been
inspired to enjoy model engineering
and making metal components”.

Allen knows the courses will
benefit model engineers but also
others interested in aspects of metal
working and engineering. As a keen
motorcycle restorer himself he
knows the courses will help anyone
restoring a classic bike. The photos
show a BSA Tiger Cub Allen’s restored
and a Norton Dominator restored by
Howard Caroline who enjoyed last
year's courses.
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“Wow! Simply stunning.
My order reservation
is on its way!”

Mr P.B.
Hampshire

MODEL IS SUPER DETAILED

Ready-to-run...

Following the fantastic success of our 5” gauge 14xx model
we are delighted to introduce our latest offering - the LMS
Jubilee Class.

All our models are new designs, delivered ready-to-run,
painted and fully finished. We do not offer kits. Your
locomotive comes complete with a fully compliant, CE
marked, silver soldered copper boiler. Each is hydraulically
tested to twice working pressure and supplied with a test
certificate.

Technical specification...

Constructed of the finest materials this 3 cylinder
locomotive is an excellent performer as well as a first class
showcase model.

This coal-fired model is capable of pulling a dozen adults
with ease.

Hand-built to order...

We can achieve high quality and value for money by
building our models in batches using the latest CNC
facilities. Each model is assembled by hand the

“As an award winning professional model
maker | was delighted to be involved in the
development and testing of this fine 3 cylinder
model. Like the 5” 14xx model that preceded
it the Jubilee Class is detailed to an exhibition
standard and is a great track performer.

After 12 months of development | am proud
to have delivered a model that reflects the
power and grace of the prototype”

Registered No. 7425348

NAMES AVAILABLE
GALATEA
LEANDER
TRAFALGAR
WARSPITE

Summary Specification

¢ 3 Piston valve cylinders

¢ Walschaerts valve gear

e Cast iron cylinder blocks (Bronze liners)

e Cylinder drain cocks

e Lubricator

e Silver soldered copper boiler (CE marked and
hydraulically tested)

e Superheater

® Screw reverser

same way now as would have been the case 100 years
ago. Each model can take up to 1000 hours to
machine and assemble.

The model is available in a choice of four names and two
liveries - LMS Crimson Lake, or BR lined green. If you wish,
your model can be delivered without name plates and
numbers - so you can fit you own.

Place your order reservation now...

The Jubilee is limited to a single batch production this
year. Once this batch is completed there will be no further
deliveries of this model until 2020 at the very earliest.

We only build models against a firm customer order. The
order book is now open and reservations will be accepted
on a first come, first served basis. Production capacity is
limited.

To secure the name and livery of your choice an early
order reservation is recommended.

Each of these fine locomotives takes a number of months
to build and for orders received now delivery is scheduled
for April/May 2017.

Request your free brochure today...
Find more information at www.silvercrestmodels.co.uk
ore- malI |nf0@5|lvercrestmodels co.uk

FREE BROCHURE REQUEST FORM

Please send, without obligation, my
free 5” gauge LMS Jubilee full colour

e Boiler feed by injector, axle pump and tender
mounted hand-pump

e Stainless steel motion

e Sprung axle boxes with needle roller bearings

e Working leaf springs to all axles

e Etched brass body with rivet detail

¢ 2 working safety valves

e Working steam brakes

Great value...

Priced at just £10,995.00 the Jubilee Class represents
outstanding value and is probably less than half the price
of a one off commission from a professional model maker
(who would undoubtedly want several years to complete
the model for you). In fact you would be hard pressed to
find a second-hand model of similar quality for the price of
this brand new locomotive.

You can reserve your model
now for a deposit of just
£1,995.00. You will be asked
for an interim payment of
£4,500.00 in October 2016
as the build of your model
progresses and a final
payment of £4,500.00 in
April 2017 in advance

of delivery.

Delivery and packaging

charges extra according
to country.

To: Silver Crest Models Limited,
Bragborough Farm, Welton Road,
Braunston, Northamptonshire

brochure NN117JG.
Name
Mike Pavie Address
Post Code ...




Flexidisc Sander/Grinder

The Flexidisc sander gives a superb finish on wood, metal, fibreglass,
car body filler and all hard materials.

Its fast rotation speed achieves sensational results in a fraction of the
time normally taken by conventional sanders.

This versatile tool also sharpens chisels, plane blades, lathe tools, axes and
garden tools without the rapid overheating of normal abrasive wheels.

This is the ideal tool to prepare your timber prior to varnishing with
Le Tonkinois varnish.

www.flexidiscsander.co.uk
Tel: 01628 548840

Le Tan k i n Oi S va r n i s h Le Tonkinois is a natural oil based yacht varnish.

Perfect for outdoor, indoor and marine use. With Le Tonkinois varnish the options really are endless.

Combining unrivalled protection on materials including cork flooring, stone, metal and wood and brilliant
permanent penetration, Le Tonkinois varnish leaves absolutely no brush marks and will

restore the natural beauty of timber whilst removing your brush marks.
Flexible enough to move with the timber and able to withstand abrasion and
impact, Le Tonkinois varnish is resistant to boiling water, UV, petrol, diesel
») and sea water. It won't crack, chip or peel off, making it perfect for
all outside purposes as well as indoor.

www.letonkinoisvarnish.co.uk
Tel: 01628 548840

MODEL ENGINEERS’

WORKSHOP

BECOME PART OF THE ONLINE COMMUNITY
FOR MODEL ENGINEERS' WORKSHOP MAGALINE

» Get access to exclusive competitions and giveaways
» Exclusive articles and advice from professionals

» Join our forum and make your views count

» Sign up to receive our monthly newsletter

» Subscribe and get additional content including Online Archives dating back to 1990*

» Register for free today and join our friendly community!

WWW.MODEL-ENGINEER.C0.UK

*only available with digital or print + digital subscriptions




Measuring Density ”

Measuring Density
in the Home

p Kitchen

Eureka! Roderick Jenkins demonstrates the benefits of a classical education.

to gather “useful” material from various

sources. Identifying these materials can
be somewhat troublesome but one aid that
will give a hint is the density of the material.
Density, as you will remember, is “Mass
per unit Volume” so it is simply calculated
by dividing the weight of the object by its
volume. My rather elderly and pre S.I. Tables
of Physical and Chemical Constants gives
the figures in megagrams per cubic metre
which, rather more conveniently, is the
same as grams per cubic centimetre (g/cc).
Another way of thinking about density is
using the concept of Specific Gravity, where
the material is compared to water which is
considered to have a density of 1. However,
fortunately for those of us using a metric
system, 1 cc of water weighs 1gram so S.G.
or g/cc are one and the same.

The densities of some typical home
workshop materials in g/cc are shown in the
table:

The figures given for the alloys and
polymers are only approximate since the
density depends on the actual composition
and, sadly, brass and bronze are too close
and variable to differentiate; as are the
various steels including stainless.

My interest in measuring density
was recently piqued by the fortunate
acquisition, through the ME/MEW forum,
of some castings for a Stuart Turner
Lightweight petrol engine with both the
air cooled and water cooled cylinders and
heads. For some reason this engine has
always fascinated me, an engine designed
to do a job of work — not a model. Adverts
for it had been regular in The Model
Engineer since the 1930s. It was still in the
Stuart Turner catalogue in 1971, photo 1.
What is most fascinating about this engine
is the fact that two of the castings are
described as being made of “Electron”, a
magnesium alloy that is more usually spelt
with a ‘K’ rather than a ‘'C’. | have no idea
of the age of my castings but | wondered
if, in later years, Stuart Turner continued
to produce these in Elektron or did they
move to a more easily cast aluminium?
Compared with the weight of the cast iron
cylinder, the weight saving of magnesium

I 'm sure many of you, like me, are inclined
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PETROL LIGHTWEIGHT ENGINE
Air or Water Cooled

Three-Port, Two-Stroke, -3-b,h.p. at 3,600 r.p.m.

34-5 mm. Bore
Length (over Crankshaft), Slin.

< 32-mm. Stroke.

299 c.c. Height, 7din,
Weight, 3lb. 120z. (including Flywheel).

Lubrication is on Petroil system plus Drip Feed direct to Intake.

We must point out that this Engine is
not only capable of very high speed
bursts, but also of steady continuous
work, such as driving a dynamo.

CASTINGS AND MATERIALS
Air or Water Cooled

(Foreign Orders add b, Postage)

Schedule
Electron. —Crankease, Crankease Door, Make-
and-Break Frame,

Aluminium.—Cylinder
burettor.

Duralumin.—Connecting Rod.

Iron (Cast or Malleable).—Cylinder, Flywheel.
Steel, - Crankshaft,

Gunmetal.—Main Bearing Bushes.
Sundries.—All Studs; Nuts and Bolls, 2 Piston

Rings, Carburettor parts and Float, In-
sulation Material and Complete Drawings.

Head, Piston, Car-

For those who prefer to purchase a finished carburettor, we can supply the

Amal ready for fixing to the engine.

The Stuart Turner Lightweight engine from a 1971 catalogue.

Aluminium Alloy 2.8 Lead 1.3 Silver 10.5
Beech wood 0.75 Lignum Vitae 13 Stainless Steel 7.8
Brass 8.4 Magnesium Alloy | 1.8 Steel 78
Bronze 85 Mazak 6.7 Tin 73
Cast Iron 71 Nylon 115 Tungsten 19.6
Copper 8.9 Polyethylene 0.95 Tungsten Carbide | 14.5
Gold 193 PTFE 2.3 Zinc 71

over aluminium would be minimal. Looking
at the density table, there is a significant
enough difference in the densities of
aluminium and magnesium alloys to
determine which is which.

Density, as | stated above, is simply the

weight divided by the volume. Weight is
easy to determine using a pair of digital
kitchen scales but volume is trickier. A
rectangular section or round bar is easy;,
just multiply the cross-sectional area by
the length. The castings are rather more
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Light alloy components

irregular, photo 2. Fortunately, that Ancient ' ¥ &>
Grecian streaker comes to our rescue. e .
Archimedes’ principle states that when a
body is immersed in a fluid, it experiences
an apparent loss in weight which is equal

to the weight of the fluid displaced by the
immersed body. An extension to this law

is that if we weigh the casting dry, then
weigh it suspended in water, the wet weight
is the weight of the water displaced. We
know that one gram of water occupies a
space of one cc so the weight in grams is
equal to the volume in cubic centimetres. |
weighed the crank case casting dry, photo
3. | then chose a bowl of water that was

big enough to immerse the whole of the
casting without it touching the bottom. The
balance was tared, that is reset to zero with
the bowl of water in place. | suspended the
casting from a length of cotton thread and
dunked it in the water, taking care to shake
it about a bit to get rid of any adherent air
bubbles and making sure that it was fully
immersed but not touching the bottom,
photo 4. | then noted the weight and
repeated the procedure for the two other
castings. The results were as follows, simply
dividing the wet weight into the dry weight A e

to get the density: Weighing the crankcase dry
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Weight dry | Weight wet | density g/cc
Crank case 154 86 1.8
Cylinder head | 113 43 2.6
Crank case door | 70 38 1.8

The conclusion is pretty clear: The crank
case and crank case door are magnesium
and the cylinder head is aluminium.

Since | had the kit to hand, | took the
opportunity to investigate another item
that has had me puzzled for some time.

I have a bar of solder but don't know the
composition. | suspect it is either 60/40 tin/
lead for normal soldering or 40/60 tin/lead
as used for wiped joints. | went through the
density process of weighing dry, photo 5,
and then wet. The density worked out at
8.8 g/cc. Knowing the respective densities
of lead and tin, we can work out the
respective proportions of these metals from
the following equation:

Fraction of lead = (Density of Solder -
Density of Tin) divided by (Density of Lead
- Density of Tin)

Fraction of lead = (8.8-7.3) / (11.3-7.3) =
0.4. So, 40% lead and the remaining 60% is

s » tin. That's normal tinman'’s solder and very
The unknown solder useful. m
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Engine Casting
and Pattern Making

Techniques

In his second article on this topic, Stephen Wessel addresses complex patterns

the casting of a complex crankcase for a

V8 engine using the traditional method
of pattern and sand. | described how
patterns are often better made from PVC
rather than wood and that some lateral
thinking may be required to work out how
the patterns are to be removed from a sand
mould. In fact, | went so far as to “think
outside the box" quite literally by asking for
one section of a pattern to be withdrawn
through the side of a mould box.

This time | will examine another method
for dealing with complex patterns that
have undercuts, reverse tapers and other
awkward features that render them
impossible to remove from a rigid mould.
Such patterns may be just too complex to
consider multipart construction as in my
earlier example, or too large for investment
casting. This latter topic | shall address in a
final article.

I n my first article (MEW 250) | wrote about

Rubber Plaster Moulding or
RPM

This technique replaces sand with plaster
while the patterns will be of rubber, usually
an RTV silicone rubber. The plaster is not
the familiar Plaster of Paris but a much
weaker, more porous material. Relative to
sand it is a poor conductor of heat, which
means the metal will cool more slowly and
have time to fill thin sections. It is only
suited to aluminium alloys and certain other
non-ferrous metals.

The principle is this: the rubber pattern
is placed in the mould box along with the
necessary sprue and riser sleeves and
liquid plaster poured over it. After setting,
the pattern can be removed by flexing it
around awkward angles, re-entrants and
so on. Cores are made in the same way. The
complete mould is then cured in an oven to
dry it out completely, metal being poured
while it is still warm. The surface finish of
the casting will be much smoother than

anything obtained with sand and, from the
modeller’s point of view, probably need

no further work. It will though need heat
treatment as mentioned last time.

From the designer’s standpoint, the
method is perfect: he can reduce draft
angles to zero in most cases, introduce
any number of bosses, ribs or hollow areas
without worry and also reduce machining
allowances. The elephant in the room
however is of course the pattern! How is
it to be made? That is the subject of this
article.

Patterns

I shall use as an example the crankcase

for my 1/3 scale Armstrong Siddeley Lynx
radial engine. This has already been the
subject of several articles written for our
hobby magazines, one of which covered the
casting work in some detail a few years ago.
But as | am so frequently questioned about
this aspect of the build there seems no

The Lynx crankcase casting viewed from front.
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The crankcase from rear. Notice the various stiffening ribs.
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View on ‘C’

Crankcase Casting
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harm in repeating some of the story.
Having mentioned that patterns for
this type of work will be of rubber we now
need to go back a few steps. To make a
complex rubber pattern obviously some
kind of mould is necessary while the
starting point will almost certainly be a
master made of wood or, you've guessed
it, PVC. So, compared with the traditional
route | described before, we now have two
additional stages, namely the rubber mould
taken from the master (the negative) and
the positive pattern that will be taken from
it to be used in the foundry. A lot more
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work therefore and some expenditure too,
for silicone rubber is not cheap. One has
to weigh it up: making the master pattern
should be easier while the finished casting
should be excellent, few if any blow holes
and a smooth finish.

The Lynx engine needed three large
castings to form the body: a central
crankcase, a front cover plate and a fan box,
all about 6" across. The original builders
in 1925 of course didn't have this rubber
and would have used the traditional wood/
sand approach. Their patterns must have
been fearsomely intricate, comprising

many removable sections like some Chinese
puzzle. Their work in the aero engine
business of the period must have been a
sublime example of the pattern maker’s art;
yet while similarly skilled furniture makers
may have become well known as artist
craftsmen, the pattern- maker was sadly
forgotten as technology moved relentlessly
onwards, though | suspect that early engine
designers were completely in hock to what
those unsung heroes in the pattern shop
and on foundry floor deemed possible.
Photographs 1and 2. and fig. 1 show
the main crankcase casting, giving some
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idea of its complexity both inside and

out. There is a thin, heavily ribbed, central
dividing wall that supports one of the
main bearings. Also visible are the cylinder
sockets and various bosses. To reduce
weight (the aero engineer can think of little
elsel) material around studs becomes a
mere local thickening in an otherwise thin
section. Castings with a core such as this
obviously need to be made in a split mould
so the core can be placed. In this case |
chose a parting line, or rather plane, to

cut through the centre line of the sockets,
photos 4 and 5. The core would also start
life as a plastic pattern in two sections
meeting at the dividing wall. From each
master pattern | would make a rubber
mould. The core moulds would go directly
to the foundry for plaster casting while the
exterior moulds would be used to make
the rubber positives, also required by the
foundry. This all sounds complicated but
figs 2 and 3 show the complete sequence.
The object drawn here is much simplified
and can be considered as a round hollow
thing with projections.

The other two cast components making up the engine body.

Main pattern on left, core pattern on right. Both are in two sections
needing radial registration.

Photograph 3 shows the other two
components that form the engine body and
were cast in the same way.

Materials

I have already covered the advantages of
using PVC in place of timber, especially for
patterns that are essentially round. Rubber
however needs further elaboration.

There are, broadly speaking, two kinds of
synthetic rubber suitable for accurate mould
making, namely polyurethane and silicone.
Both use a base to which a catalyst is added
for curing. Silicone rubber subdivides into
the “Condensation curing” type and the
“Addition curing” type. Polyurethane rubber
is a lot cheaper, has extremely low shrinkage,
and pours easily. But it is also an extremely
good adhesive! A very reliable release agent
is needed. Without that you might as well
say goodbye to your pattern and bury it in
concrete. | learned this the hard way later on.

Condensation cure silicone is all right but
shrinks quite a lot on curing. It is generally
more pourable than the Addition cure

50 www.model-engineer.co.uk

types but has much less tear strength.

This is an important property for removing
the pattern. It is slightly cheaper. | had
forgotten to allow for any mould shrinkage
on my patterns so had no choice but to use
the more expensive Addition cure, whose
shrinkage is negligible. | was lucky enough
to be given a free sample by one of the
larger suppliers to try out.

Manufacturers of addition cure silicones
warn of a number of inhibiting substances
that prevent the platinum catalyst working
properly. Many of these are common
chemicals and include certain unspecified
sorts of paint, cyanoacrylate adhesives
like Superglue, sulphur, latex and many
solvents. The lists are not exhaustive, being
constantly updated according to customer
reports and misfortunes. There is a host
of different formulas for silicone rubber
offering a huge range of properties and
there are many different suppliers; naturally
the inhibitors vary in their effect, often
having none. But you won't really know for
sure unless experiments are carried out.

Core showing the registration button

Mould boxes
As the rubber is so expensive it is essential
to use the minimum you can get away with.
The boxes should ideally be roughly of the
same shape as the pattern and only a little
larger all round. This is not always feasible,
square boxes generally being easier to
make. | used 12mm PVC plate for the square
ones and various bits of PVC drainpipe or
old cake tins and the like for round ones.
Consideration has to be given to how the
rubber will be poured in. These rubbers
tend to be very viscous, much like treacle.
They flow very slowly but given enough
time will fill every crevice and undercut on
the pattern. You never think they will but
they do. Pot life is variable according to
make; some will start curing after only 20
minutes which may not be long enough
to allow complete fill. Others provide a
couple of hours or more. All of them must
be degassed thoroughly before pouring
and preferably again once the mould box is
nearly filled.

There is a standard method, which many
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Required casting

Core print

Lower half of pattern placed upside down in mould box.
After pouring, a heavy glass plate is placed on top

/Pour rubber

-

Negative placed back in box with central ‘kernal’ to save rubber

/Pour plaster\

At foundry

Plaster mould fitted with core & ready to be united with other half

The Moulding Sequence

— Parting line
Core printJ/
Two piece solid plastic pattern
/Pour rubber\
— —
seal with The result [ =
eal wi bl _=
wax N

Negative rubber cast

The result

Positive rubber pattern with PVC kernel
goes to foundry

?

The result

—_——

Kernel is removed first followed by rubber pattern
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Top: Modified cake tins used as a mould boxes. Below: the two rubber positives complete with kernels

artists use for saving rubber; | didn't try it
as it seemed like more work and required
two more materials, namely modelling clay
and Plaster of Paris. The clay is used to build
a shield around the pattern up to about

1/2" all around. Plaster is poured around it.
When set, the pattern is removed, the clay
peeled off and discarded. The pattern is
reinstalled inside the plaster cavity. Rubber
is introduced into the space once occupied
by clay. The plaster block is lifted away from
the rubber which can then be peeled off the
pattern. Finally, the thin rubber is reunited
with its plaster backup, location being easy
due to the irregular shape of the original
clay shield.

My workbench was already messy
enough without bringing in any more
sticky substances. So, to save on rubber
| designed my boxes judiciously. | also
measured their volume with the patternin
place, using water, so that the exact amount
of rubber would be mixed with absolute
minimum wastage.

There are two vital pieces of equipment
needed at this point. One is a good vacuum
pump that will pull a 95-99% vacuum. The
inlet of an ordinary compressor probably
won't do this. The other is an accurate
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Producing a positive

weighing machine, measuring to 0.1gm.
Such things are not cheap but | have found
both to be invaluable additions to my shop
for all sorts of other uses. Of course, you
also need a vacuum chamber big enough
to hold your largest mould box with plenty

__\ﬁw. = "

of room to spare. | made use of a large
pressure cooker from the kitchen. | gave it a
new lid from 1" thick clear Perspex, placing
this directly on the cooker's own sealing
ring. The lid was drilled for various pipe
fittings and the vacuum gauge. It worked
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perfectly and proved big enough for all my
mould boxes. It was also used for the wax
injection process (to be described in the
next article). Having a transparent lid was
vital for obvious reasons.

The master external pattern was made
in two halves registered together with a
single central stud of 1” brass tubing. | got
hold of some large chunks of PVC up to 5"
diameter from an online supplier and with
little difficulty turned them quickly into the
patterns illustrated in photos. Superglue
was used to join the various bits, Milliput
for the fillets and paint to bring the colours
together as before. Great care was taken to
produce truly flat faces at the split line. Any
inaccuracy here would lead to excessive
flash on the casting and possible ovality of
the cylinder sockets. When finished, one
half of the pattern was turned upside down
on to a truly flat piece of 20mm PVC plate. It
was checked for good contact all around the
edge. A metal shrinkage allowance of 1.2%
was allowed as advised by the foundry.
Rubber shrinkage would be negligible. If
successful, the other half would be done in
the same way.

Milliput

Milliput is a marvellous filler for this
application. | made a couple of simple
ball ended tools for smoothing it into
fillets of different radii. These were
stainless balls fitted to a 3/32 steel
stem. The filler is plastered firmly but
roughly into place for several inches
of length; then by wetting the tool
you can push it hard down into a fillet
shape, smoothing as you go. It is a
messy business and you need plenty
of rags to hand. Wetted cotton buds
will wipe off the excess, much of
which can be reused. After complete
cure it can be sanded if necessary.
See Part 1 of this article about
painting the pattern.

Casting Techniques

-

Core pattern

/Pour rubber\

‘l

It
i

Rubber mould goes to foundry to be filled with plaster

Producing A Plaster Core

| found a suitable kitchen cake tin and
placed it over the pattern. It allowed
an approximate 1" gap all round for the
rubber.

It was now necessary to measure the
quantity of rubber that would be needed.
The lower edge of the bowl was first
sealed to the board using wax; candle
wax does nicely for this. The bowl is filled
with water which is then tipped into a
measuring jug. A simple calculation using
the manufacturer’s figure for specific
gravity gives the required weight of
rubber in grams. The upper part of photo
6 shows the modified cake tins and the

resulting rubber castings - the “negatives”.

Photograph 7 shows one of the tins with
a negative reinstalled being used to make
the final rubber positive, which should be
exactly equivalent to the original plastic
pattern, photo 8. Notice the solid PVC
"kernel”. This was needed both to save

a large amount of rubber and ease its
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A finished positive ready for the foundry. The kernels have a taper to make withdrawal easy

and saved about £40 in total!
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Easy to getit out

removal from the plaster; the M10 bolt at
its centre served as a vital handle for this
purpose. Photo 9 gives an idea of the
flexibility of this rubber once the kernel is
taken out.

Pouring Rubber

The two components must be mixed very

thoroughly following maker’s instructions.
When about 75% vacuum is attained,

the rubber begins to foam upwards and, if

the container is too small, will bubble over

the sides. | found all sorts of useful plastic

in their correct radial positions.
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Rubber core moulds

containers lurking in kitchen cupboards.
At about 95% it all suddenly collapses
again. This is the point when the vacuum
can be released. All remaining bubbles will
disappear and the rubber can be poured.
However, if there are undercuts on the
pattern, air will be trapped by the rising
level of liquid. So when the pattern is
covered, a further quick degas is applied.
More foam, so the mould box may need a
temporary upward extension around it to
catch escaping rubber.

Another cake tin as presented to the foundry. The two pins register both rubber parts and tin

Cores

Photograph 10 shows the core moulds.
There are three moulds to make two cores.
The two on the left are assembled together
in another modified cake tin, photo 11,
while the smaller one on the right is the
crankcase front core. The two cores have
to register correctly both with each other
and the main plaster mould. Reference to
photos 4 & 5 will reveal that No 1 cylinder
socket leaves a slightly longer core print
than the others, so the final plaster core is
turned until it fits.

Registration of the various patterns both
with each other, their respective cores and
their mould boxes is very important. Rubber
being so flexible can take up a distorted
shape if it is taken out of its mould box and
then put back in a different position. The
box itself probably won't be truly circular.
Cores must be easily removable from
moulds, then correctly oriented before
positioning inside the main plaster mould.
In my case the foundry would be doing this
job so the process needed to be absolutely
foolproof. Needless to say, cores must
fit their various prints perfectly leaving
nothing for the founder to wonder about.

That concludes this description of Rubber
Plaster Moulding. | realise however | have
said little about the plaster itself. | managed
to get a sample sack of it from a major
supplier and found it quite unlike ordinary
builders’ plaster or Plaster of Paris. The
mixing water plays little part in the cure
chemistry so the resulting solid is achieved
mainly by evaporation; it has very little
strength so must be handled delicately.
Unlike common plasters however it has
excellent porosity and ability to stand
thermal shock. Plaster of Paris should never
be used for metal casting for these reasons,
despite the temptation.

In the final article | shall cover the
investment casting process, often known
as "lost wax". | made use of this for the
smaller more intricate parts of the Lynx
engine. It was so difficult at times that |
nearly abandoned the whole project! m
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Extending Swarf Guard  iiom -

Our winning tip from Peter Smith uses two pieces of mill swarf guard on the lathe, he wins this month’s Chester Vouchers!
Peter offers no lengthy description, he just says: “I most respectfully submit the following for your “Readers Tips" section in Model Engineers
Workshop. | hope that | haven't plagiarized someone else’s idea? But | don't think | have seen it published elsewhere.”

Let the Computerdo
the Hard Work!

Our runner up tip is from ME forum stalwart, John Stevenson, he wins a headband
magnifier!

What do you do if you want two 80 tooth HTD5 pulleys over a weekend and no
one is open or even stock them as standard ?

You 3D print the pulleys and cut the cheek plates out on your laser cutter.

Jobs a good un.

We have £30 in gift vouchers courtesy of engineering suppliers Chester Machine Tools for each month's ‘Top Tip". Email
your workshop tips to neil.wyatt@mytimemedia.com marking them ‘Readers Tips’, and you could be a winner. Try to keep your
tip to no more than 400 words and a picture or drawing. Don’t forget to include your address! Every month I'll chose a selection
for publication and the one chosen as Tip of the Month will win £30 in gift vouchers from Chester Machine Tools. Visit www.
chesterhobbystore.com to plan how to spend yours!

Please note that the first prize of Chester Vouchers is only available to UK readers. Other prizes are at the discretion of the Editor.
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No. 632,358.

(No Model.)

T. H. MILLER.
NURLING TOOL.
(Application filed Mar, 21, 1898.)

WITNESSES ;
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Patented Sept. 5, 1899.

2 Sheets—Sheet 2,

The Original Scissor
Knurling Tool

Following a discussion of knurling
on the Model Engineer forum, |
tracked down what appears to be
the original patent for the balanced
‘scissors’ type of lathe-held knurling
device. It was patented (in the
United States) on September 5
1899 by T. H. Miller (apt name!) The
attached page from the patent
shows some of the arrangements
he envisaged, and you can see he
pretty much got the device right
first time!

THE KORRIS PETERS CO. PHOTOLITHGO.. WASHINGTON, 0. ©

INVENTOR

Hectne B/ B4y,
DLty ol TIrened.

o ATTORNEY.
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Two New Chucks for
An Old Myford Lathe

Lathe Accessories |

Mike Haughton fits and tests some new accessories for his machine.

11/16"
bl

Myford Cross Slide Friction Lock
Manufactured from 19mm (0.75") square BMS bar
Reduce height to 18mm after drilling & c¢/boring
Optionally round edged at top sides & front only

Drill through @8mm

C/bore @10mm x 6mm deep

\Tap M8, c/bore @12mm x 4mm deep

Copper or brass friction pad
@12mm x 4mm thick

Drill M8 one side for M8 grub screw
16mm, cup

o measure the radial and axial

I run out with a ring gave me

all sorts of problems finding
a suitable test piece. Rings turned
from thick walled pipe had poor
surface finish and | had no way
of grinding them on either lathe.
Eventually | found a 75mm diameter
bearing outer race and used that as
a test piece. Measurements G and |
came out about 0.030mm and were
not tap adjustable provided the ring
was properly seated against the
chuck jaws. Measurements F and H
were tap adjustable and came down
to about 0.025mm.

Looking at the chuck accuracy
supplied on the manufacturers
data sheet that came with the
chuck indicates C and D=0.040mm,
E=0.060mm, G and | = 0.040mm;

H and F = 0.075mm. Assuming that
these are maximum figures and the
sheet doesn't say, nor does it quote
a standard, the supplied chuck does
quite well, on my old Myford, if you
are willing to tap adjust the radial
runout.

Looking at other chuck European
manufacturers’ accuracy data,

Bison-Bial, (Polish); Zentra (Germany); TOS
Svitavy (Czech Republic) and Pratt Burnerd
(UK, but most smaller chucks were made

for them by TOS I'm told) confirms that

most offer at least 2 ranges of manual scroll
chucks, “precision” and “super precision”

that appear to be compliant with DIN

standards 6386 | or 6386 II. For a 125mm
dia. chuck radial run out E is 0.04mm (I) or
0.075mm (Il). My general rule of thumb is
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e

125mm chuck mounted on 6 inch rotary table

that the radial run out for a SC chuck of 80
to 125mm should be expected to be about
0.003"” maximum or 0.075mm.

Alot has been written about grinding
chuck jaws to regain concentricity and
I know a couple of folks who have done
this with success to the internal gripping
surfaces of external jaws. In my opinion this
course of action should only be attempted

if the jaws on your chuck are “bell
mouthed” such that you can get the
thinnest feeler gauge between the
jaw and a gripped round test piece.

If soft jaws are available for your
chuck machining could these be a
better solution? | surmise that "bell
mouthed” chuck jaws are produced by
repeated gripping of thin/short work
pieces.

Mounting on a rotary table
Because the new HBM 4jaw chuck
has 4 mounting holes close to its
outer edge | found that | could mount
it directly on my 6" Soba HV rotary
table, without any backplate, which
saves valuable height. The supplied
M8 bolts were too long and | reduced
some new Allen HT headed bolts
from 65mm to 57mm long simply by
gripping them in an ER32 collet chuck,
making a vee groove with a carbide
tool and parting off in the vee, again
with a carbide tool. The M8 tee nuts
are a standard accessory for this table.
Photograph 8 shows the set up. A
2MT drill in the table socket has been
used as a centering pin; | intend to
improve on this at a later date as its
difficult to remove after use.

Burnerd and other 3-jaw
chucks, no backplate

My Super 7 came with a Burnerd 30M
110mm diameter 3-jaw chuck marked
“Made in England”, so | suspect it was
standard issue with the lathe in 1960, serial
number 103066. There is no back plate,

it's integral with the body, and that gives
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Spotting chuck backplate

a smaller overhang, but no possibility for
tap adjustment. Having cleaned the chuck’s
external surfaces, | measured the radial run
out C=0.020mm and axial D=0.045mm.
The 20mm test piece gave E=0.055mm and
the 3/8" test piece 0.060mm run out. With
the bearing ring and outside jaws gave
F=110 microns and G=65 microns, without
a smooth transition from minimum to
maximum, in fact a reversal at one point.
With inside jaws H and | a similar result
was obtained. Clearly a well used and worn
chuck! The reversal may be due to damage
to the chuck scroll. This style of chuck is
really difficult to disassemble to clean out
the inside.

A10mm diameter 3-jaw chuck with

integral back plate also came with the Super
7 carrying no maker's mark. The chuck body

measured C=0.035mm and D= 0.035mm
but the inside jaws gave E= 0.180mm and
0.250mm run out on the 3/8” and 20mm
test pieces respectively, very badly worn,
un-adjustable and no good for accurate
work.

Back Plate Chucks with
“problems”

| present these to illustrate how some
seemingly inaccurate chucks can be
recovered. These all come from my
“heritage or legacy collection”.

Case 1a used HBM 3-jaw 100mm chuck
on a commercial backplate attached with
rear Allen bolts that had a body with a
radial run out of 0.050mm and remained
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so even after tap adjusting. The chuck
backplate was re-skimmed axially and
radially and the step spigot eased on the
Myford spindle to give Cand D =0.005mm.
With the chuck re-attached the 3/8”

and 20mm test pieces with inside jaws
adjusted from 0.0100mm to 0.015mm and
0.1770mm down to 0.015mm. Other ring
results were similarly improved.

2MT Marlco collet chuck

Case 2 a TOS 100mm 3-jaw chuck fitted
to what appeared to be a re-used cast Iron
backplate with several sets of bolt holes in
the back. Run out results were really poor
and it was found that the 3 bolt holes were
not equally spaced and not on exactly the
same pitch diameter so tap adjusting just
didn’t work. It was decided to drill 3 new
bolt holes. To get them right | adopted a
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method suggested by a friend which works
well and is worth passing on.

Photograph 9 shows the setup, note the
cross slide lock is mounted on 2 x4" BSF
holes normally used to mount a travelling
steady. They were blocked with rubbish and
had to be cleaned out with a spiral tap.

A small angle plate 89mm wide x 77mm
high x 64mm deep with at least 1 vertical
slot, is mounted on the cross slide with a
machined boss mounted at centre height
in one of the angle plate vertical slots. The
chuck inside jaws grip the boss and the
cross slide moved back until a tapping size
drill bit in a collet will just enter one of the
chuck bolt holes without deflection. The
backplate is added to the chuck recess and
the drill used to spot the position of one
bolt hole. This hole is drilled through on
the bench drill and the backplate fitted to
the chuck body with one bolt through one
of the other 2 holes in the chuck body. The
next bolt hole is spotted and the process
repeated. | find this method works well and
have used it several times since. Figure 4
shows the boss dimensions that | used.

Having remounted the backplate
correctly on its new holes all
measurements were dramatically
improved with all test pieces. This a
quality chuck.

Case 3 A 100mm machined cast Iron back
plate that had never been used was found
to be extremely tight on the Myford
spindle, even after screwing in a tapered
8-sided oak peg that | use to remove
swarf from chucks and face plate threads.
I bought a 1.125" x12 tpi carbon steel
second tap from Chronos to clean out

the thread. The tap, supplied was UNF,
wrong thread angle, 60° but it cleaned
the thread out and gave a good fit on the
spindle. The backplate was reused and
gave accurate results.

Case 4 A100mm 3-jaw chuck refused to
adjust by the tapping method. It was found
that M6 cap head bolts were fitted through
6mm holes in the backplate. Running a
7mm drill through the 3 mounting holes
allowed the chuck to be tap adjusted and an
“inaccurate chuck” saved.

HBM ER32 Collet Chuck
I must admit that | used this chuck, photo
2, for a lot of small components long before
| got around to measuring its accuracy. |
found it extremely useful. | have a full range
metric and some imperial ER32 collets,
up to 20mm, mostly from Arc Euro Trade.
Although some of my ER32 collets have
seen quite a lot of use on the mill, Chester
lathe and some fixtures, they seem to keep
their accuracy well and most will achieve
run outs of 0.015mm, 0.0006". Most
suppliers don't quote accuracy figures for
their collets but quality ER 32 spring collets
can achieve a TIR of 0.010 mm or 0.0004".

The HBM collet chuck didn't come with
atommy bar or a collet nut “c” spanner. So
the first simple job was to turn a short 8mm
bar from BMS.

The chuck body screwed right up to
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Lathe Accessories

Tap M67 x 17mm deep Washer
. @22mm x 4.5mm
Optional @6mm hole
B M6 index pin
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Chuck Boss

25mm ~15mm

the Myford spindle shoulder but had a
comparatively slack fit on the 1.25" x 12 tpi
thread. | measured the ER32 chuck body as
if it were a spindle nose. The radial run out
of the body was 0.020mm, the axial faces
at the step behind the thread 0.006mm
and the front face 0.006mm (similar to A
in drawing one). Pretty good | thought.
The taper measured a run out of 0.025mm,
which was worse than | expected.

Fitting a 20mm collet and the standard
20m test piece gave run outs of 0.050mm
with a repeatability of 0.010mm. Changing
to another 20mm collet gave much the
same result. However, changing the closing
nut, | have 5 of these, gave between 0.040
and 0.060 mm depending which nut | used.
| conclude that the ER32 collet body would
benefit from the 8-degree taper being
reground since the same collets and test
piece do achieve 0.015 mm run out in other
collet bodies. If | can improve the run out by
grinding | shall report back. I have no idea
if this is a “typical” result for this style of
collet chuck since no accuracy standard is
disclosed.

A Marlco 2MT collet chuck.
Photograph 10 shows a 2MT boxed set
with collets and were probably made in the
1960's. Earlier boxed sets were housed in
wooden boxes, | have a 3MT set from the
1940's /50’s that use the same collet style in
a wooden box.

Although marked Marlco these items
are also sub-marked CC (Crawford Collets).
Marlco never made collets, as far as | know.
The collets are a style that originated
with Alfred Herbert, Coventry and were
extensively used on “manual” automatics.
The collets are marked 2820.

Both chucks have threaded shanks for
a drawbar and were probably intended for
milling.

The Myford 2 MT in the spindle was
carefully cleaned, a 2MT finishing reamer
gently turned in the socket, the collet
chuck fitted and the run out of collet taper
measured about 0.0005”, 0.013mm. As the
collet set only goes to 34" the 3/8"” HSS test
bar was used and gave a 0.040mm run out

with no reversing. A second 3/8" collet gave
0.065mm on the same test piece. Marlco
Collets sets with 2 or 3 MT shanks appear to
command very high prices on the Auction
Websites, | wonder why?

To Tap or not to Tap?

Tapping chuck bodies to improve run

out isn't to everybody's taste, it's a bit
brutal. Those with adjustable back plates
can feel superior here. (Griptru, Easyset,
Setrite etc.) but you can always use soft
jaws or a good quality 4-jaw independent
chuck and get as good result. Chucks

like the Easy-Set use 3 tapped holes in
the chuck body to push the chuck body
about on the backplate. This doesn't look
easy to achieve so | have looked at ways
of adjusting the chuck mounting on a
backplate by boring and tapping 3 holes
through the backplate close to the step
that fits the chuck recess. My optional
index pin in fig. &4 was used to space the
holes around my backplate. My idea was to
fit screws with eccentric ends to push the
chuck body about. If you have managed
this successfully perhaps you could share
your experiences with myself and the
readers?

Conclusions

This exercise has produced a few eye
openers for me. | encourage you to critically
measure and compare the performance
accuracy of your chucks; you could be in

for a few surprises! You should consider
equipping yourself with accurate dial and
finger clocks with micron resolution as they
can quickly show up accuracy problems

in new and used machinery. Needless to
say, a bit of skill and practice are required
but the end result will be worth it. Happy
measuring.

| give a big vote in favour of both
the 4-jaw SC chuck and the ER32 collet
chuck and would buy them again despite
shortcomings revealed by my testing.

If you have any comments on this article,
you may send them to Scribe a line or the
author is happy be contacted by email at
mikehaughton@btinternet.com
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Arduino Project Update
Dear Neil,
In MEW of January 2017, Scribe a line, there is a remark about the
part number of the Toshiba Driver board. | experienced another
minor issue on this subject. When | tried to compile the sketch |
received a fault message saying:

C:\Program Files (x86)\Arduino\libraries\LiquidCrystal\I2CIO.
cpp:35:26: fatal error: ../Wire/Wire.h: No such file or directory

#include <../Wire/Wire.h>

After including this line the program worked perfectly. (from the
menu choose: Sketch --> Include sketch and pick: Wire)

It might be possible that this message has to do with a
somewhat older Arduino board or the version of the initial
software (1.6.5).

Bernhard van der Steen, Netherlands

Ch

a1 MERSURING TOOLS ;7
Al

e o

OMT Optical Table
Dear Neil, May | please ask, via Scribe a line, if anyone can help with
information about my OMT 10 inch No. 2 Optical Rotary Table.

This is a splendid piece of kit (probably pre-1960) which | have
owned and used for about 25 years. When | first bought it, the
internal scale appeared to carry a coating of small droplets of oil;
however, this did not interfere with reading the scale and there were
no problems in use. The same scale now appears to carry a rather
coarser coating of droplets which obscure the scale to some extent.
At first | thought that it was oil due to over enthusiastic lubrication
by a previous owner but | am now considering that it may be
condensation and, as a test, it is now installed in the sitting room to
see if it will dry out - so far no change.

If possible, | wish to access the “works” and possibly clean the
scale (with a great deal of care). Removing a rectangular cover plate
underneath the table simply shows that the inside is pretty well
filled with the “works" . Under the table casting are a number of
deeply counterbored allen screws which are tempting but, whilst
some of the screws may hold the device together, others may be
retaining vital bits of precision tackle in position internally - and
disaster may lie in wait.

I would really appreciate any and all assistance - Scribe a line
correspondents do seem to be familiar with all sorts of things so,
here’s hoping.

Malcolm Leafe, by email

Happy New Year
Dear Neil,

I'm sure you receive hundreds of letters of support for your efforts as editor of Model Engineers’ Workshop and I'd like to add mine to that list.
Putting a publication together as frequently as you do with a balance of articles to satisfy a diverse range of model engineering interests,
is I imagine, a real challenge and you consistently manage to accomplish this and | look forward to every issue.
Avery good new year to you, family and co-workers at Model Engineers’ Workshop

Paul Zeusche, USA

Thanks Paul, and thanks also to the many other readers and contributors to MEW who have sent us their best wishes for 2017. The very best

wishes of all at MyTimeMedia go to you all - Neil.

We would love to hear your comments, questions and feedback about MEW
Write to The Editor, Neil Wyatt, Model Engineers’ Workshop, MyTimeMedia Ltd., Suite 25, Eden House,
Enterprise Way, Edenbridge, Kent TN8 6HF. Alternatively, email: neil. wyatt@mytimemedia.com
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The Wishbone
Sharpener
Revisited

Jacques Maurel

his device, photo 1, is very useful for
I sharpening small drills (diameters
of 3mm and less). It was thoroughly
described by Mr Trevor Marlow in issue
97 of MEW where he proposed his own
solution (and other variations have
appeared in our magazines over the years
-Ed)
It seems that this attachment is still not
commercially available.
| propose here another solution being not
better not worse, simply made in another
fashion that can be of some interest for the
model engineer.

The new concept
This attachment, shown in photo 1and fig.
Trevor Marlow’s wishbone design

/ Frame

A

Roller

Roller axle Wishbone Sharpener
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1, is made from a low-price pin chuck, photo
3, providing an easy way for holding the
drills, three ‘collets’ are given to hold from O
to 3 mm drills.

Machining
Pin chuck body This must be drilled through The inexpensive pin chuck
3mm. The shank needs to be shortened to
10mm and 5mm diameter.

Frame (fig. 2) Sawn from 8mm Dural plate.
The roller’s grooves are machined with a
slitting saw on a milling machine.

Rollers (fig. 3) Turned from free cutting
mild steel, the rim being chamfered and

‘4 I':\:,..-
Items required for drill sharpening

215

Roller

Carefully adjusting the drill
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Start off;at roughly a 30-degree angle...

1

...and finish nearer 15 degrees

then rounded by careful filing in the lathe.
(Always take great care and make sure to
use a file with a well-fitting handle).

Roller axles made from 3mm diameter,
8mm long silver steel.

Setting

The pin chuck body must be stuck in the
frame with epoxy glue. A punch dot struck
on the roller axle's ends will stop them
drifting axially.

Using the attachment
A1.5mm drill is used as an example.
Photograph 4 shows some of the tools

Wishbone Sharpener ”

involved.

1-Tighten the frame in the bench vice.

2 — Chose the right collet and gently

tighten the drill in the chuck.

3 - Use the fine-nose pliers, photo 5, for

® Setting the right drill protrusion (5mm,
black mark) to get the right point angle
right.

® Aligning the drill (cutting edges parallel
with the frame plane).

® during the tightening of the chuck cap.

4 - Start the sharpening stroke on the

slip stone farthest from you, photo 6, the

frame tilted to the right about 30° and

pull the frame toward you while tilting the

frame from 30° to about 15° at the stroke

end, photo 7.

Don't use a pushing movement for the
frame as there will be a “digging in the
stone” tendency for the drill which must
always be trailing behind the roller.

Give the same number of strokes
for each lip and check the result with a
magnifying glass.

The cutting edges must be of equal
length and fully sharpened, the chisel edge
inclination 6, fig. 4, between 45° and 60°.
Correct the angles if necessary.

For 8=45° the clearance angle is about
26°; for 6= 60° the clearance angle is
about 16° - see my article using 3D CAD to
explain drill sharpening in MEW issue 245.

The stone bracket

It's worth making a rear rest, shown in
photo 7, having the same thickness as the
stone, for the roller to go on to at the stroke
end, and so get a longer stroke. m

In our

Next Issue

In the next packed issue of Model Engineers’ Workshop:

a L) g

Alan Hearsum builds a Drummond Lathe

from spares

DON'T MISS THIS GREAT ISSUE - SEE PAGE 60 FOR OUR LATEST SUBSCRIPTION OFFER

Coming up inissue 252
On Sale 27th February 2017

Gary Wooding looks at the repair of
bandsaw blades



1978 Boxford CUD lathe
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and
his

y lathe, photo 1, is a 1978 Boxford
M Mark Il CUD that | bought in 2014

for £600 from a dealer in Sussex.
About that time my school boy interest in
small scale engineering had been rekindled
and linitially considered buying a small
Chinese hobby lathe to make a clock. My
own industrial experience of electronically
controlled motors coupled with a desire to
keep things simple led me to concentrate

my research to traditional belt driven lathes.

There are a few new Chinese lathes that

are belt driven but | turned my attention

to used British products such as Myford
and Boxford. | could have also looked at
Harrison and Colchester to name just a

few. Working on the theory that you can
make small things on a big lathe but not
big things on a small lathe, | eventually
chose a Boxford as they can cope with fairly
large work and tend to offer good value

Lat h e Nick Thorpe and his Boxford CUD

for money compared to a Myford. They are
also very robust, relatively compact and are
fairly easy to find.

Background

The history of the Boxford lathe is covered
extensively at lathes.co.uk, which is

Tony Griffith's invaluable machine tool
resource. Boxford's model types were
primarily the A, B and C, and were available
in metric or imperial configuration. The

A and B have powered longitudinal and
cross slides and the A also has a screw
cutting gearbox. The C, photo 2, just has
a powered longitudinal feed. ThereisaT,
also known as the Technical, and this has
completely manual longitudinal and cross
slide feeds and no gear box, photo 3. The
T's are relatively inexpensive but | feel
that a powered longitudinal feed is a must
for finish and ease of operation. My CUD

Buxford CUD Lathe ”

has a useful centre height of 5" (127 mm)
and a distance between centres 28" (710
mm). Shorter models have 22" (560 mm)
between centres. Earlier Boxford models
had a 4.5" centre height. The 'UD’ suffix
shows that the motor is an ‘underdrive’
and sits underneath the lathe in a solid
purpose built steel stand. Another variant
has the motor behind the headstock

but these can be quite deep and take up
valuable space, unlike the UDs which are
a maximum of 53" (1350 mm) long for the
28" centres model and a very useful 22.5"
(570 mm) deep, including the splash-back.
One important thing to remember about
these lathes is that they were designed for
use in schools and might be too low for
the average adult. | am 6’ 2" tall (1.87 m)
and raised mine by 4” (100 mm), which is a
perfect height for me.

Top view of the lathe

February 2017
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Change gear cover open to show gears

Buying

This was the hard part as | had no
experience of lathes. The lathes.co.uk
Website has an excellent section about
buying a lathe and the obvious advice
from most quarters is to take someone
knowledgeable along with you. Sadly, |
didn't know anyone with experience at
that time and had to rely on my limited
knowledge and perceived credibility of the
vendor. | eventually decided that if there
were any problems a Boxford could be
resold, possibly at a slight loss, but that was
a risk | was prepared to take. From my own
experience in buying an Elliott pillar drill, a
Tom Senior mill, photo 4, and the Boxford
I would suggest the following criteria: In
the first instance the cosmetic condition
of the machine is not that important. My
ex-school Boxford was quite tatty and the
tray was through to bare metal in many
places. Some little darlings had engraved
their names on the change wheel cover. The
important thing was a complete absence
of major dents on the bed and no rust. The

70 www.model-engineer.co.uk

bed was clean and oiled and it seemed that
the important parts had been oiled and
greased during its life. | personally would
steer clear of a pristine example that has
been stripped and repainted unless this has
been done by a specialist. The motor needs
to be seen working and all variations of
speed etc. should ideally be tested. Leaving
the motor running for ten minutes or so
will allow you to check for weird noises,
especially from the headstock where the
main bearings are housed.

Delivery

One major consideration is removal and
delivery of the lathe which is very top
heavy and weighs in at 560 pounds (254
kilos). This is where a Myford wins hands
down as it is said to be a two-man lift. It is
possible to break the Boxford down into its
major ‘manageable’ components but | felt
uncomfortable doing this at the dealer’s
premises. | ended up hiring a van with a tail
lift. He dealer craned the lathe onto the van
with an extra strong pallet that | had found

Tom Senior mill

and my colleague and | moved it at the
other end with a borrowed pallet truck. The
biggest problem is that they are top heavy
and can easily fall over. Another alternative
is to contact Steve Cox at Landy Lift who
covers the country with a flatbed Transit
with rear mounted crane, which is ideal for
narrow drives.

I later broke the lathe down to move it
into my workshop which is a fairly straight
forward job when undertaken in one's own
time and space. The main drive belt will
have to be cut, the tailstock and carriage
removed and two nuts loosened under
the headstock which can then be slid off. |
removed the bed from the metal stand as
| was going to paint the tray. The bed and
headstock are very heavy and | just about
managed them on my own. | left the motor
in the stand and while this was a heavy
old lump I was able to manoeuvre it with a
sack trolley.

Power

The Boxfords come with single or three
phase motors. For those who don't know,
single phase motors are the sort that

we usually have in our homes and have
one neutral conductor and one line (live)
conductor. Three phase motors tend to
be used in more industrial locations and
for simplicity imagine that they are fed by
one neutral conductor and three line (live)
conductors. The three line conductors allow
more electrical power to be delivered to
the motor thereby providing more torque
and smoother running. Most homes

only have single phase power available
but fortunately this can be converted

to three phase using a box of tricks

called a Variable Frequency Drive (VFD).
The great advantage of a VFD is that it
offers full control of the motor, not only
allowing soft starts and reverse, but also
the ability to adjust the speed from a few
revolutions a minute up to full speed - and

Model Engineers’ Workshop



New control panel

without power loss. There are other ways
of converting from single to three phase
but this is probably the easiest and most
convenient. Some motors will work with
VFDs and others won't. | chose an IMO
Jaguar that came with five years’ warranty
from Transwave and it cost about £180.

| also bought a pendant that provided

the all-important switching and speed
control for the motor. Installation of the
VFD is fairly straight forward if you are
experienced with electrical work, if not it

is well within the capabilities of a qualified
domestic electrician. My installation is
shown in photos 5 and 6. The Boxfords
have a safety interlock circuit that runs
through various switches such as the motor
cupboard door. The IMO Jaguar VFD has a
useful safety function whereby it will not
work if a continuous circuit is not evident
across two low voltage terminals and |
wired the Boxford interlock cabling to this
point. As soon as an interlock is opened
the VFD gently stops the motor and it will
not restart until the switch is closed and
the start button depressed. | wired the
emergency off button into the same circuit
and it works perfectly. Check out the Yahoo
Boxford Group for more information about
this subject.

Today

I am currently building a 5" gauge Sweet
Pea narrow gauge locomotive and the
Boxford is now being put to good use as
I work on the chassis turning cast iron

February 2017

wheels and boring axle boxes. On the
Yahoo Boxford Group site is a copy of the
original factory QA test for a similar lathe
and after checking all the measurements

I could the Boxford is well within the
manufacturer’s original specification - not
bad for 38 years old. m

References:
Paint: Nearest match to Boxford beige on
my lathe, but not perfect is Harrison Lathe

Control panel wiring & VVFD (blue box)

Buxford CUD Lathe ”

Beige from Paragon Paints, who also sell
other Boxford colours: paragonpaints.co.uk
Three phase conversion: Transwave
Convertors +44 (0)121708 4522 or Ebay
Yahoo Boxford Group - just Google it.
lathes.co.uk - an invaluable resource about
machine tools, also has a good buy & sell
section

Model Engineer Website, For Sale section:
model-engineer.co.uk
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Al advertisements  will be inserted in the first
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There are no reimbursement for cancellations. All advertisement must be pre-paid.
The Business Advertisements (Disclosure) Order 1977 - Requires all advertisements
by people who sell goods in the course of business to make that fact clear.
Consequently all trade ads in Model Engineers’ Workshap carry this ‘T' symbol

MODEL ENGINEERS’

* 1130GY Variable Speed Lathe

B

* Now with 38mm spindle bore

NEW ADDITIONTO PRODUCT RANGE

- * 2 Axls DRO available
"R

PRODUCT RANGE

41130 GV Lathe

* 2B0mm swing
A« 700mm be

"W « Power cross feed
* Spindle bore 38mm
* Fully equipped

Table
power feed
available

VISIT OUR WEBSITE FOR FULL

/ -.-5'\ VM3V x IMT
700mm Table
YM32Z x 3IMT
i ; B40mm Table
pa ..
- - i[. Optional 2 Axis DRO

k. www.toolco.co.uk

. VARIABLE SPEED MILLS Unit 4, Ebley Industrial Park,
a‘! ’ VM30 x 2MT Westward Road, Stroud, Glos GL5 4SP
' 790iriny fablé (Just 4 miles from Junct 13 M5 Motorway)

Tel: 01453 767584

Email: sales@toolco.co.uk
Yiew our full range of machines and
Iy W available equipment at our Stroud Showroom

Phone for opening times before travelling

Cowells Small Machine Tool Ltd.

Cawnlls Srall Machin Task Lnd.
Tandring Roed, Little Ranthy, Calhuster CO7 REH Fa -;zngl—g
TaliFax o8 (01206 351 792 e-mail salessonwlls.o

www.cowells.com

Manufoctures of high precision screwcutting lothes,
Bmm horelogical collet lathes and

milling mechines, plus comprehensive acessary range.
Talk directly to the manufacturer

M- MACHINE

= L!mtB Forge Wéy Cleveland Trading Estate
Darlingion, Co. Durham DLT:2P)

Metalsﬁor Model Makers
Cnntact us for: Copper Brass, Aluminium,
—#5leel, Phnsphor anze etc.

PHONE & FAX 01 325 381300

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

THINKING OF SELLING YOUR LATHE

MILL OR COMPLETE WORKSHOP?
and want it handled in a quick,
professional no fuss manner? Contact
David Anchell, Quillstar (Nottinghan).

01159206128 07779432060

LASER CUTTING

CNC Folding and Machining
Fabrication and Welding

All Locomotive & Traction Engine parts.
Your drawings, Eiles & Sketches.
m: 0754 200 1823 » t: 01423 734899

(answer phope)
e stephen@laseﬂrames co.uk
Well Cottage, Church Hil, North Rigton, LEEDS L§17 0DF

www.laserframes.co.uk

For more than 25 years | have been serving model engineers, offering services
including the supply of top quality ‘used’ machines and accessories, valuations,
pre purchase inspection of third party machines plus general advice and information,
For an online stocklist plus details of services avallable please
go to my website or contact David Anchel direct.

www.quillstar.co.uk
Telephone: 0115 9206123 ¢  Mobile: 07779432060

! TAPS & DIES

Exceﬂenr Quality manufactured-supplied

”ﬁ < n @:’3

[
=)
British-box HQS taps dies cuts stainless
MES5(33pcs) ME4 (30pcs) BA3(35pcs) has
all Model Eng 32+40tpi BA, BSB, MTP etc
THE TAP & DIE CO

445 West Green Rd, London N15 3PL
Tel 020 8888 1865 Fax: 020 8888 4613
www.tapdie.com & www.tap-die.com

ALL STEAM LOCOS WANTED

Anv age, size or condition - any distance, any time.
.FREE VALUATIONS - with no obligation

VALUATIONS FOR INSURANCE

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

CASH PAYMENT - on collection.
WORKSHOPS BOUGHT AND CLEARED

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

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

STATIC CONVERTERS,
ROTARY CONVERTERS, DIGITAL
INVERTERS, MOTORS, INVERTER-
MOTOR PACKAGES, CAPACITORS.
INVERTER PRICES FROM £106 + VAT
Call: 0800 035 2027

transwave@powercapacitors.co.uk

www.transwaveconverters.co.uk

CONVERTERS MADE IN BRITAIN SINCE 1884;
3-YEAR WARRANTY ON ALL CONVERTER
PRODUCTS; BS EN 9001:2008 QUALITY

ASSURED MANUFACTURING ENVIRONMENT;

CE MARKED PRODUCTS COMPLIANT WITH
EMC REGULATIONS, THE LOW VOLTAGE
DIRECTIVE and BS EN 130 61000-3-2:2008.

www.maccmudels.co.uk
We stock a vast range of materials in bar,
tube and sheet. Including brass, copper,
phos bronze, stainless steel. bright mild
steel and aluminium.

We also stock a wide range of British made
taps. dies and steam fittings.

MODEL ENGINEERS"

BECOME PART OF THE ONLINE COMMUNITY
FOR MODEL ENGINEERS' WORKSHOP MAGAZINE _

= Get access to exclusive competitions and giveaways _
s Exclusive articles and advice from professionals

= Join our forum and make your views count

= Sign up to receive our monthly newsletter

= Subscribe and get additional content including Online Archives
dating back to 2001*
= Register for free today and join our friendly community!

WWW.MODEL-ENGINEER.CO.UK

“only available with digital or print = digital subscriptions

NEW Compact, low power

@ [ ]
inimag Co.
The Magic Spark for moderate speed engines

Magnetos and ignition Connections by colour-coded screw terminals  Sturdy plastic housing

miqdu;r :‘:‘egr:; efcl'::rugli::l?ar with mounting lugs  Highly efficient - minimal heat generation
Runs off 2 x AA alkaline cells Triggered by low voltage Hall sensor or

by contact points, microswitch or reed switch  Dwell time unimportant

Kit includes 2
everything you need: v
./ Low voltage Hall sensor, ,'
pre-wired. Vo
./ 3x2neodymium magnet. *
./ Ignition Unit with integral
ignition coil,

./ Switched battery box. d = P =l
‘& Minmag o ma

‘ DANGER

-\.\“

|| HiGH VoLTAGE

. 2 x alkaline AA cells. o e T~

» Full instructions. | Capacitor Ignition
3 volts MEL-1 1006
——— e CE Tl

Building an IC engine?
Ignition Coils - Controllers - Timing Sensors - Miniature

= LED indicator for static timing

* Maximum sustained spark rate 50Hz ERERO RGNS on At
Magneto Kits - Start-Up Box Kits - Batteries and Chargers (=6000 RPM on a et siras MCL-1 for single

- Electronic and mechanical design services - single, cam sensor/3000 RPM AAR cylinder engines

. P two-stroke singl ’ MCL-2 for twin
We supply American “Rimfire” Spark Plugs SRAA-ErRle Sgl) W4  cyiinder engines
= Technical support always freely # S EE i iha

3/8"x 24tpi, 1/4"x 32tpi and 3/16"x 40tpi (10-40 UNS)
- Always available from stock -
Minimag Co. “Chelsfield” Galley Lane, Brighstone, IOW PO30 4BT Please visit our website for further details: www.minimagneto.co.uk __—oqrers S

e: sales@minimagneto.co.uk -~ www.minimagneto.co.uk - t 01983 740391
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available by telephone or email : "wasted spark" principle

All our own brand products are manufactured in the UK. Telephone and email enquiries are m
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making things possible

Remap is a charity
that helps children
and adults with
disabilities to achieve
greater independence
and enjoyment of
life’s opportunities.

Our volunteers make
special one-off pieces
of equipment and
everything we do

is given free to our
clients.




HO EAND WORKSHOP MACHIN,ERY___

1863

"2) 5 Genuine Used Machines & Tooling &8

144 Maidstone Road, Foots Cray, Sidcup, Kent DA14 5HS
& Tel: 0208 300 9070 - Evenings: 01959 532199 - rax: 0208 309 6311
www.homeandworkshop.co.uk e sales@homeandworkshop.co.uk g
Opening Times: Monday-Friday 9am-5.30pm e Saturday Morning 9am-1pm Welerlathe + olles.. [T}
10 minutes from M25 - Junchon 3 and South Circular - A205 |0 @ MYFORD Super 78

W Tom Senior v % s . ! ‘I" Beautiful!
- _ ! ¥ _ (large table) W ol : -
y —Holbrook 88 foolroom lathe-240V =

s07¢/0C ft
2MT tap
£ holder

s S

ITupmun( '

240V
Colchester Baintum

@ Ferranti - =
< Inspection I

: \_\‘ e bench .
from m— 750 -
hcepluiesm e

, +5ino DRO'&

o Edwards: = -
1 o l4g i Myford a
Fhi gegrel drolls 3 s » ! : } et ﬂosﬁan d
7’ . .“—_._\_ U b oF s, k. : g I
7 J Rom Reele'r\sm"’p?ffd— ' N = a oot ot et~ AN
- A il - Trolley wheels (heavy T — & i
£1475
"" o - o )selsoM - 240
Eagle Mode|3 -3 fue . uty R P Volises
surfuce grinder =Ty i «:;3.{ % S e . ,

11‘*'

— 5’/£2250 B

Bull igh AP5; !} e.,,?,(‘
1) STonjpress = (=

| Trolleys ! . : ; : il 3 e | £V , Harrison H

Vamms - il bl Bl ; ; = : F 140 lothe~

BCA-MKTT1
+ lofs of tooling

(5

.£47!,

o UL

4/V|ceroy
240V
16" grinder

BRL mower
grinding
. machine

| Jones ™
nd Shipmun 540 grinder

| 3 ] : ( %
MYFORD GENUINE PARTS : h Ly sxugr'/,"'hﬁgﬁi

Purchased from Nottingham —.
Boxf‘rd | MK G- :
- 15"x.28" long bed

M:cromeiers

) o { = P VGflOl{S

Y il st NOW ARRIVED!

£l25 I : = : | £ - U _
ars i e 'l It Myford Cf N e— 0 e )| @ Harrison M300 lathes
="'New 18"x 6" B , Ariglesplfes'+ Super 7 Rifle/ S RTTHETl o W e Startrite 18-S-10 metal bandsaw
ground compound table = eoch 4 surface plates [ Bridge bed felis™ UYL FIN = 4 : o Surface fables

Boxford Little - 5\ B
Giant toolpost grinder 44

SHIPPING ° A Myford coolant
WORLDWIDE £345

e Warco surface grinder + more!

Mammmmwdw

PLEASE PHONE 0208 306 9070 TO CHECK AVAILABILITY OR TO OBTAIN OUR LIST
DISTANCE NO PROBLEM!  DEFINITELY WORTH A VISIT  ALL PRICES EXCLUSIVE OF VAT

‘Myford Super 7B° & ‘Super 7 large bore



CHESTER

Machine tools

Visit us at the
Manchester
Model
Engineering
Exhibition
Saturday 18" February 2017 -
Sunday 19t February 2017

@ Queen Elizabeth Hall, Oldham
oL11Q)

* DB7VS Lathe
300mm Between Centres

180mm Swing Over Bed
£768.90

Stand Included

Craftsman Lathe

570mm Between Centres
300mm Swing Over Bed

£2,359.50

D13 Drilling Machine
13mm Drilling Capacity
0.25kW Motor

600-2500rpm Spindle Speed
£99.00

Champion 20V Mill
360mm Spindle to
Table
700x180mm Table
Size

MT2 Spindle Taper
£955.91

626 Turret Mill

20mm Millling Capacity <SS

660x152mm Table
R8 or MT3
Spindle Taper
£1,686.30

Size

H80 Band Saw
Horizontal Band Saw
85x85mm Rectangle Capacity @ 90°
90mm Round Capacity @ 90°
0.4kW Motor

£173.81

Conquest Super Lathe

with DIGITAL SPEED READOUT
325mm Between Centres
180mm Swing Over Bed
£495.00

Conquet Superior Lathe
with BRUSHLESS MOTOR
325mm Between Centres

180m

m Swing Over Bed
£682.00

Conquest Super Mill
270mm Spindle to
Table

100-2500rpm Spindle
Speed

460x120mm Table Size
£575.29

Champion 16V Mill
360mm Spindle to
Table
700x180mm TabIe
Size

MT2 Spindle Taper
£713.89

DB10 Lathe
Closed Gearbox

550mm Between Centres

MT3 Spindle Taper

100-2000rpm Speed Range

£1,175.89

DON'T FORGET
OUR ONLINE
TOOLING SHOP

o 2 [
"ﬂﬁ* <= [Mn7

I\

All prices include VAT

> i

www.chesterhobbystore.com
sales@chesterhobbystore.com

but exclude delivery

Chester Machine Tools, Clwyd Close
Hawarden Industrial Park, Hawarden
Chester, CH5 3PZ



