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Onthe

Editor's Bench

Adventures in 3D printing

Following my experiences with the Dremel 3D40 printer, | was in no doubt whatsoever that

a 3D printer of my own belonged in my workshop. | had been offered a generous discount
on the review machine, but though I was very impressed by it | wanted something with the
capability of printing in a wider range of materials. Also, like many readers | thought why

buy one ready made when | can make one! That said, | chose a Prusa i3 kit from Factory3D, a
Tyneside-based company, rather than gamble on one of the cheaper kits direct from China.
This meant | benefited for a design which incorporated an aluminium frame, uprated stepper
motors and an improved ‘hot end’ - and a very good build manual. | was also able to get
support by email which helped me get the printer set up and printing excellent prints very
quickly, and | also know where | can get spares and upgrades quickly and at reasonable cost. In
many ways, the same benefits you get when you buy workshop machines and tooling from a
reputable supplier.

It took me about ten hours to get the printer together, then the frustration of one of
the stepper boards being u/s, so | had to wait for a replacement. It took less than a day of
experimentation to get good prints. | had to ignore most of the changes | had made to
software settings and revert to the defaults, as most of my ‘issues’ turned out to be not
having set the print nozzle close enough to the bed.

Now | have the printer 'dialled in, | am getting prints which are the equal of those from the
ready-made printer, and | am looking forward to experimenting with some other materials,
especially flexible filament for tyres and similar parts.

Most of my prints have been parts and items | have designed myself, but for a bit of fun
| printed out a model of the Curiosity Mars Rover - one of a large collection of models, from
radio-telescopes and spacecraft to asteroids and lunar terrain, that can be downloaded from
the NASA website. The photo shows a ‘simplified’ version, on a bit of Martian terrain and
liberally weathered with Mars dust.

Neil Wyatt
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9 PROTOTYPE TOOLING
MANUFACTURE

Few articles raised as much interest as
Richard Smith's tooling system introduced
in MEW 248. As promised, he returns with
details of the making of the main toolholder

types.

14 MAKING THE MOST OF AN
OLD CHUCK

What do you do with a clapped-out chuck?
Eric Clarke shows you how to recycle it as a
flexible DTI holder.

17 MIKE'S WORKSHOP

A handy metalworker's marking out gauge
is a neat beginner’s project from Mike Cox

20 LOW PROFILE MILLING
CLAMPS

Make these cunning contraptions from John
Hinkley and solve all sorts of workholding
challenges and conundrums.

23 REVIEW - Axminster
Engineer’s Trade Vice

It's That Man Again - Mike Cox tries out a
new vice from Axminster Tools.

27 MEASURING MINUTE
POWERLEVELSWITHA
DYNAMOMETER

The Silly Old Duffer is back with a device
for measuring the power output of tiny
machines with drawings, photos and
downloadable Arduino code.

34 ONE MAN AND HIS LATHE

We take a trip Down Under to meet Brett
Meacle and his AL150, a Taiwanese lathe

Ny
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Tailstock Feed
e Alaser
Centre Finder

20

which may be familiar to readers under
other names.

40 EXTENDING THE
CAPABILITIES OF THE JACOBS
GEARHOBBER

Chris Robinson delves even deeper into the
world of gear hobbing with an impressive
selection of specialist gears..

48 CREATING COMPOUND
CURVES IN THE LATHE

Off to Pennsylvania for a masterclass in
machining three-dimensional curves with
David Graves.

56 ATALE OF TWO SCREENS

Bob Reeve returns with another tale of his
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Contents

adventures in the land of Computer Aided
Design.

64 MYFORD MANDREL LOCK
SPANNER

George Winspur revisits Lawrence Sparey's
simple but effective tools that could be the
solution to your stuck-chuck woes.

67 SILVER SOLDERINGA
COMPREHENSIVE GUIDE

David Banham continues his review of this
important technique
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Coming up...

in the July issue

Coming up in our next issue, MEW 256
will be another rewarding read.

Regulars

3 ONTHE EDITOR’S BENCH

This month the Editor is having some fun with a home-built 3D
printer.

47 ON THE WIRE

XXX-rated news with Manual and CNC micro-mills from Proxxon
and a new catalogue from Expo Tools.

45 READERS’ TIPS

A simple cure for recalcitrant tailstocks, and another toolholder
modification of a very different stripe to last month!

62 SCRIBEALINE

Your feedback on recent issues, including a clever twist on last
month'’s Tool Height Gauge.

56 READERS' CLASSIFIEDS
Your chance to grab a workshop
bargain, with plenty of machine tools
up for sale.
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ON THE COVER

This month's cover shows David Graves'
‘up and over’ ball-turning technique,

as featured on page 48, in a must-

read article for anyone contemplating
building a Quorn grinder!

»
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THIS MONTH S BONUS CONTENT

You can also visit our website for extra
content and join in our online forum

SillyOldDuffer’s
Arduino
Dynamometer Code
Launch your favourite browser
and enter www.model-engineer.
co.uk/dynamometer in the
address bar to download the
source code for SillyOldDuffer's
Torsion Dynamometer. Then pay a visit to the forum at http://
www.model-engineer.co.uk/forums/latest_posts.asp to join in
what promises to be an interesting discussion of the project.

Come and join the forum and let us know what you've
been making in your workshop!

Can a low-pressure boiler be soft-soldered

M Would you use a soft-soldered boiler?

Making a Small Plastic Fan

M The challenge - restore a 1970s Black and Decker drill.
The solution — might be a surprise!

P-Power Hacksaw

M A fascinating project to build a 3D printed power
hacksaw, using a car windscreen wiper motor.

PLUS: Model and tool builds, problem solving and
engineering chat!

CLASSIFIEDS EXTRA SUBSCRIBE ARCHIVE SUPPLIERS
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BRAND OF THE MONTH - ROUNDHOUSE Barrow Kit CBARROW  £6.85

In Stock Now* Cast 4 Wheeled Luggage Trolley ~ CLT £10.00 = b NEW! Roundhouse Lilla

Millie - Black 32mm gopg  CostBench CBENCH  £625 =i, & :

Ml B e runswick G bt foos CastBrake Standard CBS £3.75 = k’ We are now taking orders for the
lie - Leep Brunswick Gresn mm o Cast Dar] Generator DJ0S cDG £7.00 4 i

gammleM ggmm &45mm gggg Cast Hammer CHA £2.13 & New Roundhouse Locomotive,
ertie - Maroon mm Cast Jack cJ £2.81 / .

Bertie - Deep Brunswick Green  32mm £628 Cast Locomotive Lamp CLL £3.43 r Ca" or Order Onllne

Bertie - Yellow 32mm £628 Cast Oilcan co £2.00 -

Bertie - Blus 32mm £628  Cast Post Box CPB £2.50 . (a

Karen - WD Grey - RIC 32mm £1,740  Cast Shovel CsH £213 g

Katie - Blue - RIC 32mm £1,513  CastSuitcase gsc £375 - L

Lady Anne - Maroon - R/C 32mm £1,474  CastTicket Machine CTM £8.74 .

On Order Cast Toolbox ) cT £5.25

Silver Lady Due Dec 2017 Cast Toolbox Engineers Type CTE £2.74 . .
- Cast Trunk Small CcTs £5.00 Wide range of Home Builder

Billy Due May 2017 Cast Wall Glock cwe £9.35 .

Little John Due May 2017 Cast Weighing Scales ows 750 parts and loco kits

Russell Due Feb 2018 Cast Westinghouse Pump CwP £9.00 available online!

Bulldog Due June 2018 » ' Disc Signal Repeater CDSR £6.87
LA1 Semaphore Signal Kit LA1 £22.50
LA2 Disc Signal Kit LA2 £22.50
LA3 Cast Standard Lamp LA3 £11.00
LA4 Cast Wall Gas Lamp Kit LA4 £8.00

*In stock as of 19/04/17, please note these loco’s may no longer be available, check stocks onling’
.. Please note basic range takes 4 weeks from inital order and other locomotives are in batches.
JiBatch dates will be in product description. Locomotives in stock will state instant dispatch availaklg

BACHMANN PECO Mss SM32 Buffer Stop!
32mm (SM32) Track Side Tank Locomative {(32mm/45mm) 909003 £200.00 A  Out now!
Percy and the Troublesome Trucks Set 90069 £245.00 Flexi Track - 12 Pack SLB00x12  £97.00  Saddle Tank Locomotive (32mm/45mm) 909013 £230.00 ! i £4.50
Thomas with Annie & Clarabel Set 90088 £245.00 Flexi Track - 4 Pack SL600x4  £36.00  Side Tank Locomotive Kit (32mm/45mm) 909011 £190.00
Thomas’ Christmas Delivery 90087 £265.00 Flexi Track - Single SL&00x1 £9.00  Jubliee Coach (32mm) 990601 £65.00
Toby the Tram 91405 £165.00 Setrack Curve - 6 Pack ST605x6  £44.00  Maroon Tender (32mm/45mm) 911403 £53.00
Thomas the Tank Engine with sound 91421 £225.00 Setrack Curve - Single ST605x1 £7.50  Green Tender {32mm/45mm) 911405 £53.00
James the Red Engine 91403 £252.85 Setrack 38 Radius Curve- Single 87607 £7.50  Black Tender (32mm/45mm) 911401-BL  £53.00
Percy the Small Engine 91402 £180.00 Setrack 38 Radius Curve - Six Pack  ST807x6  £44.00  Blue Tender {32mm/45mm) 911402-BL  £53.00
Emily 91404 £250.00 Right Hand Point SLES95  £4250 Maroon Passenger Coach (32mm/45mm) 911201 £53.00 Set-a-Curve
Annie Coach 97001 £58.00 Left Hand Point SLE696  £42.50  Blue Passenger Coch (32mm/45mm) 911201BL  £53.00  Available in 32mm and 45mm
Clarabel Coach 97002 £58.00 Y Point SLE697  £42.50  Log Wagon (32mmi45mm) 911501 £53.00 with a wide range of Radii
Emily’s Coach 97003 £58.00 Small Radius Right Hand Turnout SLE891 £42.50  Goods Van (32mn/45mm) 911101 £53.00 &
Emily’s Brake Coach 97004 £58.00 Small Radius Left Hand Turhout SLEB92 £42.50  Guards Van (32mm/45mm) 911001 £53.00 £ 1 5
Troublesome Truck1 98001 £59.50 Wagon Turntable and Crossing SL627 £16.00  Coal Wagon Grey (32mm/45mm) 911505 £53.00 =
Troublesome Truck 2 98001 £59.50 Rail Joiners - 24 Pack SL810 £3.10  Coal Wagon Unpainted (32mm/45mm) 911505-1 £563.00
lce Cream Wagon 98015 £56.00 45mm (G45) Track Pair of Flat Bed Wagons (32mm/45mm) 911301 £57.00
Tidmouth Milk Tank 08005 £39.00 Flexi Track - Six Pack SLO0OXE  £75.00 Straight Track 910003 £34.00
S.C Ruffey 98010 £50.00 Flexi Track - Single SLO0Ox1  £13.00 Curved Track 910005 £34.00
= Setrack Curve - Six Pack ST905x6  £40.00 Left Hand Point 910001 £24.40
Setrack Curve - Single ST905x1  £8.00 Right Hand Point 910002 £24.40
Setrack Straight - Six Pack ST902x6  £40.00 DREAM STEAM WORKS
Setrack Straight - Single 8T902x1 £8.00 Upgrade Cylinders DSUPCYL £55.00
Right Hand Point SL995 £54.00 Ceramic Gas Bumer Set DSUPGBS £78.00
MAMOD LTD ;ef} H&nd Pohjlm e Pl stg% Eg-gg Three Wick Meths Burner DSUP3WMB £4500 SUMMERLANDS CHUFFER
oint Motor Mounting Plate . Dead Leg Lubricator DSUPDLDL £26.60 i isi
Saddle Tank i o 20 Insulating Rail Joiners - 12 Pack  SL911 £2.40 Small Brass Chimney Cowl ~ DSENSMCWL  £3. 9 pipes g
addle an rom Dual Rail Joiners - 8 Pack SLo12 £5.50 Brass Cab Hand Rails DSENCH £a.00 the real sound of a working steam loco
MKIl Gauge 1 MMK111G  £300.00 ¢ . A wide range always in stock!
Brunel MBrunelOG  £420.00 SLATER’S Brass Side Tank Hand Rails ~ DSENSTHR £5.20 v g9 Y '
Brunel Goods Set BGS-CC-N  £480.00 Festiniog Railway Ashbury First Class 4-Wheel Carriage Kit 16C01 £73.50 Brass Smoke Box Hand Rails DSENSBXHR £310 Specials can be ordered on request
Tender MTDR £39.00  Festiniog Railway Third Class Ashbury 4-Wheel Carriage Kit 16C02 £73.50 Cylinder Covers DSENCYCV £6.80
Tanker MTNK £37.00 Brass Sand Boxes DSENSBX £12.50
Goods Wagon MGWN £42.00 Dmo_rv_nc SIa@e Wagon Kit ) 16W01  £20.00 Bras_s Ta_nk qus DSENWTT £9.40
Guards Van MGVAN £48.00  Festiniog Railway 2 Ton Braked Slate Wagon Kit 16W03  £26.60  Lubricating Oil SWLUB30 £2.60
Festiniog Railway 2 Ton Unbraked Slate Wagon Kit 16W04 £2540  Meths Burner Wick DSWWK8s £1.80 inC P&P
War Department Light Railways K Class Skip Wagon Kit 16W06 £19.50  Curve Tipped Syringe DSWCTS £2.10 )
Dinorwic Quarry Slab Wagon Kit 16W08 £25.50 480 Steam Oil 500ml DSW46080500 £5.20
Dinorwic Quarry "rubbish" Wagon Kit 16W09  £25.50 220 Steam oil 500ml DSW22080500 £5.20
Solid Fuel Tablets 980001 £3.50 L]
Slaster's Mek-Pak 0502  £5.00 Water Filler Botile DSWWFB £3.20 l |
Wide range of G scala flgures in stock! Slaster's Mek-Pak Brush 0505  £3.70 Meths Filler Bottle DSWMFB £2.60
¢ £10.40 a pair! WE HOLD A FULL RANGE OF MSS SPARES FOR OLD MAMOD & MSS LOCOS [ I
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Dream Steam Ltd, Ground Floor Suite, Vanguard House,Mills Road, Aylesford, K

Call us: 01622 793 700 or send an email to sales@dream-steam.com




Prototype Tooling

Manufacture

Richard Smith’s tooling system, featured in MEW 248, raised a great deal of interest
among readers. In this article, he gives further details of making the tooling.

tooling system which is based on carbide

inserts. This article is about how I actually
made it.

To recap, the starting point was |
wondered if | could use just one insertin a
single mounting to replace my 5 indexable
toolset and 4 way toolpost. | sketched
an insert mounted symmetrically on a
holder rotating about a central hole. This
arrangement gives all the five tool insert
positions — and more. Tools are normally
mounted so that the tips are close to the
top left topslide corner, minimising the
overhang and maximising the access to the
work. Locating the pivot point close to this
corner with only a small radius to the tip will
do the same thing. The basic operations are
all just a rotation away from each other - no
tool changing, fig 1.

Carbide inserts are made to close
tolerances and | wondered whether the
insert holders could also be made to close
tolerances and whether there was any
real need to provide individual vertical
adjustment. In the end, | felt this was going
to be too demanding an approach - and
I'd probably end up with packing! My
next thought was to thread the hole in
the holder and screw it onto a cylindrical
pillar which in turn drops over a toolpost
with some form of clamping. To lock the
adjustment split the non-tip end of the
carrier and provide a locking bolt. This

| S 5

I have previously described my prototype

Raw materials

June 2017

Tooling Manufacture ”
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Right
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Facing

seemed quite an attractive idea and

the bigger the pillar diameter the better
supported the holder would be. But this
involved a lot of threading which needed
to be a good fit. In the end, | decided to
use a plain hole in the holder with a split
end clamping to a cylindrical pillar - much
easier to make and less critical. To clamp

Thicknessing plate

the pillar the simplest way would be to put
a nut and washer on the toolpost - great
for rigidity but hardly quick change with
multiple turns! | realised that a quarter to
one third turn on an M10 x 1.5 threaded
post would be enough to go from loose

to tightly clamped and the problem then
becomes how to allow the unclamped pillar




to be lifted off the post. The solution | came
up with is to use a cylindrical nut that the
pillar goes over, and to apply the clamping
force with a removable bar (handle) through
a crossdrilled hole in the nut which overlaps
the top of the pillar on each side. To spread
the load the bar has a flat machined on it
and a washer is put on top of the pillar. If the
same washer is used with each tool and the
pillar height is kept the same the clamping
position will also stay the same. To adjust
the actual clamped position of the handle
either adjust the washer thickness or make
provision to rotate toolpost. The cylindrical
nut, handle, and washer are the parts most
likely to wear and are easy to make.

My lathe centre height is 37.5 mm above
the top of the topslide and the usual tool
shank height is 16 mm. The ground surface
on the topslide is 76.8 mm wide and there
is a central tee slot. This appears to be a
common arrangement with this size of

Sawing baseplate

lathe. To get a pivot point (toolpost) where
| wanted it | decided to mount an adaptor
plate on the topslide and attach it using
the tee slot, and then provide the new
toolpost. Based on my sketches the pivot
point would be 16 mm in from both top
left corner edges, with a 30 mm diameter
pillar centred on a 20 mm diameter locking
nut. The actual insert tip was to be 40 mm
from the pivot point. The 37.5 mm height
available had to be divided between this
base plate, a small adjustment clearance,
and the insert carrier. | looked to see what
materials | had around and found some
rusty 20 mm thick steel and a piece of cast
iron bar, photo 1. | decided on a nominal 19
mm thickness for the insert carrier (20 mm
cleaned up), and 16 mm thickness for the
base plate.

| started by turning from the cast iron
bar two 25 mm high by 30 mm diameter
pillars with 20 mm diameter bores, plus
a matching 5 mm thick MS washer (from
some other steel bar). To cleanup the
material for the baseplate | drilled and
tapped two M10 holes in opposite corners
and bolted it to the faceplate using
caphead screws that didn't reach the
working surface. | had previously made

10 www.model-engineer.co.uk

Preparing insert carrier

stepped washers to use M10 capheads in
the faceplate slots. Having cleaned up one
side of the piece | reversed it and reduced
it to 16 mm thick, photo 2. As the faceplate
was on the lathe | decided to cleanup the

Testing QR action

r/'a/ fi of basepla%é

material for the insert carrier using the
same mounting technique, and bored a 30
mm diameter central hole using a pillar as a
gauge. This was a bit wasteful but | was sure
I'd find a use for the cutoff pieces, photo 3.

Model Engineers’ Workshop
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Setting a blank a;an angle

Facing with a cutter with only one insert fitted. Back to the bandsaw!

The baseplate was sawn out of the The firstinsert holder insert, photo 7. To make sure the insert
thicknessed piece, photo 4, and the edges I planned on a 40 mm radius from the would not foul on the corner | cut a little
milled to size. The clamp piece to sit in the centre of the hole to the tip so cut off one deep, photo 8. Incidentally, | looked for
topslide tee slot was milled and drilled and end to slightly over. | milled a step 5 mm cutters with a 7-degree angle and you can
tapped with a central M10 for the actual deep to suit my existing inserts and then get them - at a price.
clamping and two loose M6 for two guides mounted in the vice at 7 degrees and cut Using the insert as a guide for position
to align it. For the toolpost | used an M10 the slope of the back edge to match the and biasing slightly towards the shoulder

caphead in a counterbored hole in the
bottom of the baseplate. To stop the head
rotating | cross drilled for a brass plunger
with an M8 screw behind it. To allow me to
adjust the locked position | filed two flats
on the M10 caphead (toolpost) to take an

8 mm spanner just above the baseplate. |
found a piece of 1inch stainless steel from
which I turned and drilled the nut and then
turned the handle and milled the flat on the
end. | made sure the nut didn't cover the
flats on the caphead when at the operating
height, photo 5.

Now | could try out the quick release
clamping action and see if it actually
worked, photo 6!

About a quarter turn of the handle
locks the pillar or releases it. Release, pull
out the handle, lift off the washer and
the pillar, change the pillar, drop on the
washer, replace the handle and lock. Using
the 8 mm spanner | adjusted the locking
position and locked it with the M8 caphead.
The pillar was really solid so it was worth S
carrying on and making an insert holder. Cutting the point angle >
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| drilled and tapped for the M4 Torx screw
from my existing tooling. | made an error
here and drilled oversize producing a
useless but fortunately only shallow thread.
| was able to drill deeper with the right size
and produce a good thread at the bottom.
Now | hadn't got a long enough Torx screw
and wound up using a chromed brass screw
as it was the only countersunk headed M4

| could find. I was worried whether it would
be strong enough but in fact rather to my
surprise it works fine.

| then sawed the surplus metal off the
other end. The sides of the insert end are
alsoinclined at 7 degrees and | decided
to use two wedges in the vice to set this
angle between the jaws, and then | could
set the point angle along the direction of
the vice jaws. An immediate use for one
of the offcuts! Machined it to a 7 degree
wedge using an old face cutter with just
one insert as a fly cutter, photo 9, and cut
it in half, photo 10. The width of the holder
was reduced from the original 50 mm to 40
mm symmetrically about the centre hole by
sawing and machining. Next | marked the
pointed end and sawed most of the waste
off, photo 11. The saw has been used a lot
in this project. It was the second machine |
ever bought - after hand sawing ONE piece
of 50 x 50 BMS. Life is too short.

It could then be mounted in the vice with
one wedge each side to tip it at 7 degrees
forward. The point angle was set using
the digital angle gauge on the machined
surface and the sawn edge machined,
photo 12. Repeated for the other sawn
edge. | removed the insert for the final cuts!
The other end was cleaned up and drilled
and tapped and counterbored for an M10
caphead screw and finally a slot was sawn
to provide a clamp. Then the carrier was
put on a pillar and mounted on the lathe,
photo 13. After fitting an insert, | set the
tip to approximately centre height and
faced a scrap of bar. Then reset the height
to eliminate the pip. This is easy to do in
practice. Incidentally, | have changed the
insert since and have not had to change the
height.

B 4
KoM i ] s
- s

NC'IHt1 9-2

Blank for parting tool holder held in 4-jaw Side view of parting holder
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End view of parting holder

Parting off tool

The next carrier to make was for the parting-
off tool. | started with an offcut of 50 x 50
(left over | think from the job that caused me
to buy the saw) which | sawed down nearer
the thickness and length | needed. This then
had a centre hole drilled where | wanted the
mounting hole to be and was mounted in
the four-jaw chuck using the tailstock centre
to locate it, photo 14.

I had been using a tool from Chronos and
planned to use the insert carrying blade
from it. The blade is held between a fixed
and a clamping dovetail. | don't have a
suitable dovetail cutter - how often there
seems to be a problem for which I don't
have the right thing and don't want to buy
it! My solution was to use the Chronos
tool top clamp piece, and to mill a step to
a depth just less than the blade thickness

This end mill was securely held.

and add three M6 button head screws
overlapping the blade to act as sideways
clamps. | subsequently bent both ends of
the blade and have replaced it with one
from Arc which is shown in the photos.
Photograph 15 shows the side view and
photo 16 shows the end view and you
can see how the blade is held. Because of
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Boring parting holder

the depth of the blade it had to
overhang the baseplate and | had
to mill a step in the base of the
tool to get the tip height in range.
| positioned this step to align with
the edge of the baseplate. If the
baseplate edge is set (by rotating
the topslide) at right angles to
the lathe axis the parting tool can
be set square simply by pushing
the step against the edge before
clamping. There is a little freedom
with the clamping action.

Boring bar

The big problem with boring bars
is vibration. The cutting edge is on the
end of a bar whose diameter is limited by
the size of the hole being bored. This in
turn is clamped into a tool holder which
has to have provision to adjust the height
so that the cutting edge is on the centre
height. Conventionally the bar or bar
holder is clamped in a tool holder by two

Tooling Manufacture ”

or three screws making point contacts
onto packing - not exactly a vibration
deadening arrangement. With a quick
change toolholder the packing is eliminated
but the toolholder is not directly clamped to
the topslide but hangs off the central post
relying on the clamping action and adding
another potential source of vibration - the
edge is further from solid support.

| could choose to position the boring bar
either side of the clamp i.e. inwards towards
the centre of the lathe and overhanging the
topslide, or outwards and directly above the
topslide and really well supported. It also
occurred to me that if | clamped the block
in position | could drill and ream it exactly
at centre height so no height adjustment
need be provided. The combination of a
solid block (good for damping vibrations)
and mounted over the topslide with the
downward forces from the boring action

being supported directly by the topslide
seemed a good ideal

| have a 10 mm tipped boring bar from
Chronos which is round with flats top and
bottom. As no height adjustment is needed
I needed a block the same height as the
pillars (30 mm) so | sawed down the last of
the 50 x 50 to about 35 thick. To be sure
that the 20 mm dia. mounting hole was
exactly at right angles to the base | decided
to drill and bore then face the bottom
before turning over and facing down to the
30 mm height. The mounting hole is near
the top edge when viewed from the base
so | centre drilled the location and used the
centre in the tailstock to locate it against
the chuck. To help balance the setup |
included another piece of steel then drilled,
bored, and faced it, photo 17. Then | sawed
the surplus length and turned it over and
faced it to height, photo 18.

To be continued
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Making the Most

of an Old Chuck

Eric Clarke finds redundant drill chuck makes a versatile dti base.

magnetic bases for supporting DTlIs

used on the lathe or other machines.
They are not always very convenient to use
however as they often take up space in the
immediate work area and can sometimes
be inadvertently displaced without this
being apparent. This short article describes
a simply made alternative to normal
magnetic bases that takes up less space and
cannot be accidently moved during use. It
has the attraction of being very quick and
cheap to make in fact | found most parts in
my scrap box. It is also ideal for a beginner
who may not yet have a magnetic base.

This article includes a mixture of imperial
and metric measurements as some of the
components Chuck and T nut have existing
imperial threads, however where | have
made new items normal metric dimensions
have been used.

I have both standard size and mini type

Making the drill chuck base.
Searching for different means of support
| hit on the notion of using a drill chuck
mounted vertically on the lathe cross
slide utilising one of the T slots. My

scrap box yielded a very nice USA made
Jacobs 0-3/8 capacity drill chuck salvaged
from a first generation battery drill that

| scrapped many years ago when its
integral battery failed (the inescapable
end for all battery drills). This chuck has

a 3/8 x 24 UNF female thread which is
pretty well standard on similar drill chucks

A typical application

14 www.model-engineer.co.uk

L €— 0-3/8" chuck from a

redundant battery drill

€— 4 mm thick washer

€— 3/8” UNF stud protruding

T hit > 20mm to suit chuck

The components laid out.

- despite the UNF system being long out
of general use in England.
I had a few old 3/8 UNF bolts left from

my 1970s vintage tractor days so one was
made into a double ended stud with a short
length of 5/16 BSW thread on one end

Checking tailstock alignment

Model Engineers’ Workshop




A small guard

to suit an existing Myford T nut leaving
20mm of 3/8 UNF thread for the chuck on
the other end. (UNF screws are still freely
available on eBay).

As the rear face of the drill chuck was
only about 16mm diameter | made a
28mm diameter x 4mm thick washer to
spread the clamping load over a wider
area above the T slot so the chuck could
be clamped down firmly without risk to
the cast iron cross slide.

The chuck is easily and quickly mounted
on the cross slide by engaging the T nut
in its slot and turning the chuck by hand
until it is as tight as possible finishing
off with a final nip using the key to turn
it a bit further. This provides a very firm
support for vertical rods up to 8mm
diameter, photo 1.

Photograph 2 shows the chuck and DTI
firmly mounted on the cross slide of my
Super?7

Photograph 3 shows the chuck
mounted on the catch plate to check the
alignment of the tailstock. A small mirror
is needed to see the DTl when it is round
the back. A small polycarbonate guard that
can be positioned close to the work is in
photo 4.

A small paintbrush can be used to apply
cutting fluid such as Rocol to the work,
photo 5. This has the benefit of using the
minimum of fluid and the bristles of the
brush follow the tool tip along.

June 2017

The brush is a “use and throw” type
from Tool Station that cost 23 pence each
for 2" or 27 pence each for 1" sizes. They
are not much use for painting as you might
imagine at the price as they shed bristles
easily but they are ideal for this application
and for general machine cleaning.

B.

&

Using a paintbrush to apply cutting fluid

dti Clamp

| find this adapted drill chuck very
useful, secure, easy and pleasant to use.

Although all the above applications
could be achieved using a magnetic base
the drill chuck base is much more user
friendly and cost me virtually nothing to
make! m
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\ SMOOTH, QUIET, HIGH PERFORMANCE VARIABLE SPEED

CONTROL FOR LATHES AND MILLING MACHINES

Supplier to industry since 1987 of high power speed control systems from 100W to 2,200,000W,

MITSUBISHI INVERTERS from £122 inc VAT VARIABLE SPEED CONTROL PACKAGES
HIGH PERFORMANCE INVERTERS The 'original’ & best lathe speed control system.
For serious machining duty. Pra-wired systems, and Inverter, Motor, Remote packages available

240V 1-phase input, 220V 3-phase output, for | |to suit wide a range of metal and wood turning lathes, including;
you to run a dual voltage (Delta wired) three | |MYFORD ML7, Super 7, BOXFORD, & RAGLAN lathes, Wood turn-

phase motor off your 1-phase supply. ing lathes including; ML8 and MYSTRO and UNION GRADUATE.
Six sizes from 0.1kW (0.12hp) to 2.2kW(3hp). | |Pre-wired ready to go! Power Range: 1/2hp, 1hp, 2hp and 3hp.

. Built-in user keypad, display and Speed Dial. Super smooth control across entire speed range, giving chatter
Unique Integrated Emergency Stop Function. free machining and excellent finish unattainable with 1PH motors!
Advanced Torgue Vector control for optimum Powered from domestic 240V Single Phase mains supply.
performance. High Reliability. Made in the UK, IS09001:2008 Quality Assured.

Fully CE Marked and RoSH Compliant.
Compatible with our Remote Control station Pendants.
Supplied pre-programmed at no extra cost.

REMOTE CONTROL STATIONS from £66 inc VAT

Remote control station Pendants suitable for use with §
all our Mitsubishi Electric and IMO iDrive Inverters.
Industrial grade push buttons and controls.
Featuring START, STOP, FORWARD, REVERSE,
RUN/IOG, & Variable Speed potentiometer.

3-wire control - Behaves |ike a No-Volt-Release.
Beware of low quality copies of our original tried
and tested controls.

Fitted with 2-metre length of control cable ready for ee—u
connection to drive, and supplied with wiring diagram.

Our Pre-wired Lathe Speed
Controllers are now covered by a
10-Year Warranty

Newton Tesla (Electric Drives) Ltd,
Warrington Business Park, Long Lane, Warrington, I P
Cheshire WA2 8TX, Tel: 01925 444773 Fax: 01925 241477 | VISA

MITSUBISHI
EER AELECTHIC

[ B I W sutoMmaTioNn SYSTEMS

E-mail: info@newton-tesla.com
Visit www.lathespeedcontrol.com for more information.

Automation Dealer

Tracy Tools Ltd.
Unit 1, Parkfield Units,
Barton Hill Way,

Torquay TQR 8JG Visit our brand new website A ;
We ship anywhere Mﬁ world erW. traCYtoo S.Com -

PRODUCTS

* Taps and Dies e Endmills

e Centre Drills » Lathe Tooling

e Clearance Bargains © Reamers

* Diestocks e Slot Drills

¢ Drill sets (HSS) e Specials ————
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Makmg a Marking gauge

Mike Cox describes a handy accessory that makes an ideal beginner’s project.

The Marking Gauge
arking gauges are familiar items to Construction. Photograph 2 shows the parts of the
M woodworkers and they are used to The rule that | used for the gauge was marking gauge. From top to bottom are
scribe lines parallel to the edge of 19 mm wide and 0.95 mm thick and the the base plate, the rule, the cover plate and
the work piece. Typically, they are used to measurements shown on the drawing relate the knob
mark out tenons. Similar gauges are not so to this. However, it would be simple to modify The base of the slider was made from a
common for marking metal. Metal workers the dimensions to suit other sizes of rule. piece 6 x 25 mm steel. It was cut to a length

tend to use Jenny callipers (also known as
odd leg callipers) or a scribing block to mark
lines parallel to the edge of a piece being
worked on.
Jenny callipers can be quite tricky to use
especially when marking out distances a | '
long way from the edge. They are also time » j@ e “
consuming to use because the callipers must R —
first be set up by reference to a steel rule.
The tool described here is very simple
to make and it converts a steel rule into a
versatile marking gauge that can be used to
accurately mark off distances from an edge
and draw lines parallel to an edge. It is one
of the most used tools in my workshop.
Photograph 1 shows the finished
marking gauge. It consists of two
components: a steel rule and slider that
can be clamped at any point along the rule
by turning the knurled knob at the centre
of the rule. Thus the slider can be setata
distance along the rule and then the slider
can be aligned with the edge of a work
piece at that distance marked off. The point
of a scriber can be held at the tip of the rule
and the gauge then slid along the edge of
the work piece to scribe a line parallel to
and a set distance from an edge.

B & ie @
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An ‘exploded view'l >
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of 31 mm. This was mounted in the milling
vice on parallels and a wide groove 1 mm
deep 19 mm wide was cut centrally in the
piece, see fig. 1.

If necessary enlarge the depth and width
a little so that the rule will slide easily in
the groove but with very little side play.

The cover plate was made from a piece
of 3 x 25 mm steel 31 mm long. This was
marked up for drilling the holes as shown
in fig. 2. The hole positions were centre
punched and the plate drilled with 2.5 mm
holes at all positions. The holes were then
carefully deburred. The top and bottom
plate were then clamped together with a
small toolmaker’s clamp and the assembly
clamped in the milling vice with the 31 mm
edges parallel to the vice jaws. This ensures
that the edge of the base plate and the
cover plate are aligned. The corner holes in
the cover plate were then spotted through
to the base plate and drilled out 2.5 mm.

~—6.00

. 25.00 o
1 & o
~ ‘
S S S
™ Q 2
i)
\ ¥ ?
Drill and tap M3
The Base

A closeup of the clamping knob

25.00

©

31.00

. |©

o
@\
©

Cover Plate
Mat'l: 3 mm thick MS

——M3 clearance

—— Countersink

Drill and tap M3
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The assembly was dismantled and the
corner holes in the base plate were tapped
M3. The centre hole of the cover plate
was also tapped M3. The corner holes in
the cover were drilled out 3.5 mm and
countersunk.

The slider was assembled using four
countersink M3 screws. After assembly,
the rule was slipped into the slider and
checked to see that it moved freely. The
cut ends on the assembly were cleaned up
and all the corner and edges chamfered
with a file.

The final part is to make the clamping
screw. | made this from 19 mm round
aluminium bar. The end was faced in the
lathe and knurled for a distance of 7 mm.
It was heavily chamfered, see fig. 3. It
was drilled 1.5 mm for a depth of 7 mm
and then 2.5 mm for a depth of 5 mm.
Whilst in the lathe an M3 tap was started
in the 2.5 mm hole. The knob with the
tap was parted off at 6mm from the end.
The 2.5 mm hole was tapped M3 to full
depth and finished with a plug tap. The
knob was degreased along with a length
of M3 brass studding. The hole and end
of the stud were smeared with epoxy
adhesive and screwed together. Excess
epoxy was cleaned off and the assembly
chucked lightly in the lathe chuck by the
3 mm brass stud. Pressure was applied to
the knob using the end of the tailstock
chuck. Doing this ensures that the stud
is accurately at right angles to the knob.
Once the adhesive had set the pressure
from the tailstock chuck was removed.
The lathe chuck was tightened a little
and the front face of the knob lightly
skimmed with very fine cuts until flat. The
final operation on the knob is to lightly
chamfer the front face to remove any
sharp knurling at the edge. The brass
screw thread was cleaned up by running a
M3 die along the stud.

The stud was cut off leaving about 5
mm protruding. The end of the protruding
stud was cleaned up with a file and then
the knob was screwed into the cover

Model Engineers’ Workshop
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219.00

fAluminium
Knurl outer edge ————» Fiote __
L M3 brass studding

Drill and tap M3
p 4.00—» F* Drill and tap M3

Clamp Screw
Brass stud secured to the aluminium knob with epoxy adhesive

plate. Photograph 3 shows the finished Usage. accurate than jenny callipers because the

clamping knob. | find this very simple gauge extremely rule is always maintained accurately at right
Tightening the knob should clamp the useful in the workshop. It is much quicker angles to the edge of the work piece. m

rule in the slider. Check the gap between than using jenny callipers because the

the knob and the cover plate and if required distance is just measured off

necessary shorten the stud using a file. on the rule and clamped. It is also more

In our
extlssue -
On Sale 16th June 2017

In the Juneissue, 256, of Model Engineers’ Workshop, you
can look forward to another great read:

Trevor Winter and his lovely Zyto Lathe. David Addison fits DROs to his Warco mill. Paul Murray makes custom division plates.

DON'T MISS THIS GREAT ISSUE - SEE PAGE 32 FOR OUR LATEST SUBSCRIPTION OFFER




Low profile
mill clamps

John Hinkley describes a project to help with machining thin work.

Setup for drilling the clamps.

his is a weekend project to construct
I a set of milling machine low profile
clamps for use with material as thin
as 5mm, as well as irregularly shaped
objects. They can also be utilised as a
longitudinal vice for small pieces where
low cutting forces are involved.
The design was configured to use
steel stock which I had in my scrap box,

20 www.model-engineer.co.uk

hence the use of 1x1" and 34x3/4" square
material. (I have converted these sizes to
the metric equivalents in the drawing as

I normally work using that measurement
system.) The actual dimensions are not

in any way critical, although one should
endeavour to keep the overall dimensions
as small as possible, in order to achieve
the tool’s objective whilst maintaining

its strength. As always, it is a matter of
compromise.

First make the twelve dowels from
8mm diameter silver steel. A simple
face - chamfer - part off - face to length
- chamfer process. Then cut the 1inch
square and 34 inch square mild steel into
slightly over 50mm in length (to allow for
cleaning up). Accurately shorten these

Model Engineers’ Workshop



in pairs to 500mm overall length. At this
point, | stamped the pairs at one end

with identification numbers in order that
they could be kept as discrete pairs. The
‘handed’ sliding clamps are used with a
single fixed clamp, so you will end up with
four fixed clamps and eight sliding clamps
altogether.

Using the method shown in photo 1,
hold the respective pairs in the mill vice
and align on end with the vice jaws (or
adjustable stop, if you have such a device)
to maintain position. Zero one end with a
wiggler or end-finder and measure 10mm
from one end, 7.5mm in from the edge
which both pieces share. Spot drill and
open the hole to 4.2mm (5mm tapping
drill size) to a total depth of 35mm. Repeat
the process with the other pairs and re-
use each pair of fixed clamps with the
second pair of handed sliding clamps to
position the holes in the latter.

Next, clamp the individual sliding
clamps in the mill vice and, without

Clamping an irregular workpiece.

June 2017

moving the Y-axis, align the drilled hole
with the spindle. | used the 4.2mm drill
and the DRO to achieve all the correct
alignments required. Open out the holes
to 8mm diameter and a depth of 10mm.

| used firstly, a 7Z.5mm drill, then an 8mm
diameter four-flute end mill to obtain to
desired 10mm deep flat-bottomed hole.
Repeat for all the other holes in the sliding
clamps.

Attention now turns to the fixed
clamps. Ensuring that you are machining
from the correct side, align the clamps
in the mill vice and open up the dowel
holes to a depth of 15mm using the same
method as used on the sliding clamps
to maintain accuracy. This where earlier
stamping numbers on the matching pairs
pays dividends.

Fit the dowels to the sliding clamps
and check that the matching fixed clamps
close up completely to them. The dowels
will eventually be fixed in the sliding
clamps - I used Loctite.

Mill Clamps ”

Unless you are using material to the
size shown in the drawings, reduce the
height of the fixed clamps to 20mm and
that of the sliding clamps to 15mm. Drill
the 10mm fixing hole centrally in the fixed
clamps and form the 16mm diameter
recess for the bolt head to a depth of
S5mm.

Turning our attention to the sliding
clamps, mill away material to form the
4mm and 8mm steps in respective pairs.
Turn through 90° and mill the relief to
make the steps on the handed pair of
sliding clamps as shown in the drawing.
Finally, mill the 90° cut-outs in the
clamping faces of each of the sliding
clamps so that the point of the vee is in
the middle of the slide. Fit the dowels and
sliding clamps with Loctite or similar and
allow to dry. Remove any excess adhesive
and assemble the pairs to check the fit. A
suggested use for the clamps are shown
in photo 2. m
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Vice Review ”

Axminster
Engineer’s Trade
VIC@ corevnssonsie

xminster have a new range of
A'trade vices' for engineers. These

vices come with a range of jaw
widths ranging from 80 mm to 150 mm
This review relates to the vice with an 80
mm jaw width, photo 1.

The vice, made in the Czech Republic,
is a substantial chunk of cast iron
weighing 6.1 kg. and very solidly
constructed. The vice itself can be
swivelled on the base by about
40 degrees in either direction by
loosening the clamp screws on
either side, photo 2.

The jaw width is 80 mm and the
opening at maximum is 70 mm, photo
3. Opening and closing the vice was quite
hard work at first and this was due to very
minimal lubrication of the as supplied
vice. After oiling all the sliding surfaces
the vice was much easier to operate.
When opened to the maximum extent
the screw disengages and to get the vice
to screw in again it is necessary to push
the screw in whilst turning it at the same
time. The screw thread itself is completely
enclosed so it is relatively immune form
dust and swarf. However, the down side
to this is that there does not seem to be
any easy way to inspect or lubricate the
screw.

It takes 22 turns to open the vice from
its closed position to fully open (70 mm).

The 80mm vice

This means that the screw pitch is around
3.18 mm which is almost 1/8". This, non-
metric, pitch seems a little unusual for a
European made vice.

The jaws of the vice are hardened steel.
Most general-purpose vice jaws seem

to have a diamond pattern
on the gripping face which
easily marks softer material.
However, in this vice the jaws .5
have a ribbed pattern, photo &,
and tests showed that this grips
well and causes much less damage on
soft materials.
Photograph 5 shows the underside
of the vice. Of note here are the circular
slots that permit the vice to be swivelled
on it base casting. The underside of

Top view of the vice
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Measuring jaw opening
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The ribbed jaws ) A Underside of the swivel base

the casting is not very smooth and this
make swivelling the vice a little jerky. The
other thing to note is the groove in the
sliding component to stop it rotating. The
packaging states that the anti-rotation
key is a roller but | could not confirm this.
The vice tommy bar is captive in the
head of the vice screw and the bar is
peened over at the end stops to stop
them unscrewing. The edges on the
peened part were quite sharp, photo 6.
In summary, the vice is a good solid
piece of engineering and my only gripe
would be the lack of lubricant on the
sliding parts of the as received unit and
the sharp edges on the tommy bar. Both
of these are trivial and easily rectified. m

End of the tommy bar
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Power Levels with

Arduino Indicator ”

a Dynamometer

SillyOldDuffer follows on from his Arduino dynamometer experiments with a
home-made torsion dynamometer.

Uno Microcontroller, photo 1, to collect

pressure, temperature and rpm data from
a Jan Ridders Coffee-Cup Stirling Engine.
The data was used to draw Indicator
Diagrams (aka Pressure-Volume Loops) and
to calculate the “Indicated Power” of the
engine, fig. 1.

The measurement of indicated power
has a long history. First applied to steam
engines by James Watt, the measurement
gives considerable insight into the health
and efficiency of an engine. Indicator
information can be used to confirm
performance, detect faults and inspire
design improvements.

The classic Engine Indicator was a
mechanical device that measured pressure
inside an engine cylinder as it changed
relative to the rotation of the engine and
recorded it on a graph for later analysis.

Although Indicator Diagrams provide
valuable information they are far from
being the whole story. Indicator Diagrams
measure the true power actually developed
inside the cylinder, but this power typically
far exceeds that available at the engine’s
output. This is because the process of
converting heat to power in a practical
engine is itself hard work and there are
many losses. Before useful power can be
output, the engine must do work moving its
own components. Friction is unavoidable.
Heat is leaked accidentally by radiation
and conduction, some parts may have to
be deliberately cooled, and in any case the
laws of thermodynamics mean that only
a proportion of the heat available can be
converted into motion.

Given the scale of these losses it is
essential to also know how much power
an engine actually outputs. Only then can
questions about engine efficiency, fuel
economy, power to weight ratio and fitness
for purpose be answered.

Successful measurement of my not
particularly well made example of the Jan
Ridders design revealed that the indicated
power of my little engine running on
400ml of hot water peaked under 5mw

I n a previous project, | used an Arduino
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and stalled at about TmW. Indicated power
averages to about 2mW over a 40-minute
run. Encouraged by getting the engine to
work at all, and then being able to capture
data allowing me to assess indicated power,
I wanted to see if | could also measure my
engine’s actual power output. Given my

clumsy workshop skills this was quite a tall
order because the actual power available at
the flywheel of the engine would be much
less than 5mW.

Dynamometers

An engine’s power output is measured by
an instrument known as a Dynamometer.
Dynamometers exist in various forms, but
they all work by measuring the force, or
couple, that acts to change an object’s state
of rest or motion.

Mathematical relationships between
Force, Work and Power were established by
scientists during the Nineteenth Century. A
Force is anything that moves a mass. Work
done is mass moved over a distance in the
direction of the force. Work is measured in
Joules, or Foot-Pounds or Ounce-Inches
in Imperial parlance. The definition of the
Joule demonstrates the advantage of the
Metric System'’s internal consistency. A
Joule is either a kilogram Metre Squared per
second per second; or a Newton Metre; or a
Pascal Metre Cubed, or a Watt Second, or a
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Coulomb Volt.

Power is Work Done per period of time.
Power is measured in Watts, and a Watt
is one Joule per second. One Horsepower
is 550 foot pounds per second, or about
750W.

From these definitions, it is apparent
that more power makes it possible to do a
given amount of work proportionally more
quickly. We know from experience that a
lathe with a big motor makes swarf faster
than one with a small motor!

It's worth mentioning that real engines
do not have a single simple power output.
Rather, power output varies with load,
rotational speed and other factors. It
should be represented by a graph. Where a
figure for power output is quoted, it is only
accurate under the test condition applied.
Whilst we hope when buying a motor
that the power output quoted will match
our intended usage there is opportunity
for misleading marketing. For example
an electric motor temporarily overdriven
for advertising purposes may have an

|
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impressive power output but it won't last
very long if used that way for any length of
time!

There are two main types of
dynamometer: absorption types and
transmission types. An absorption type
absorbs output power, usually with a brake,
whilst a transmission type passes power
through more or less unchanged.

A simple form of absorption
dynamometer is the Prony Brake, named
after the French engineer Gaspard Clair
Francois Marie Riche de Prony who
invented itin 1821, fig. 2. The use of a brake
for power measurement is the origin of the
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term Brake Horse Power, or BHP.

A Prony Brake is rather like a set of
scales balanced on a rotating fulcrum. It
measures the force trying to unbalance the
scale and is set up by first adjusting the
two weights so that the Brake Shoe and
Load Arm assembly is balanced between
the two stops whilst the drum is being
driven counter-clockwise by the engine.
The friction adjusters may be used to alter
the torque required to turn the drum,
and this and the load weight are changed
as necessary to match the power of the
engine.

I rejected the idea of making a miniature

Prony Brake to measure the very lower
power expected from the Coffee-Cup
Stirling because | doubt my ability to build
a sufficiently fine mechanism. The brake
would have to apply a minimal amount of
finely adjusted friction, which indicates a
need for precision engineering. In addition, |
imagine setting up a Prony brake would be
tricky with a low powered engine that stalls
easily. Perhaps a horologist could do it!

Another type of absorption
dynamometer is the rope brake. This type
is promising because there's a version

Drive from
engine

Winding drum

T Finish

Watts =W x9.81 xH:t
Where:

W = weight in kg

9.81 = acceleration due
to gravitz

H = height or distance
lifted in metres

t = time in seconds

=
=
[}
T
———1
Weight (w)
Power From v
Lifting A Weight ~— Start
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specifically designed for low power engines.
Although this variation of a Rope-
Brake Dynamometer, fig. 3, is intended
for low-power measurements, it is clear
that “low-power” is relative. For use with
the Coffee-Cup Engine’s milliwatts, two
sensitive spring balances or strain gauges
would be required. The “rope” would have
to be a fine thread, and some lightweight
means of keeping the thread from slipping
off the engine’s flywheel would be needed. |
put this approach on the back-burner in the
hope of finding something easier to make.
Whilst | enjoy a challenge, engineering
is about getting acceptable results with
minimum cost.

James Watt's original determination
of Horsepower was based on averaged
observations of the rate at which horses are
able to lift weights up a mine shaft. Later
he measured the work done by a horse-
mill grinding malt for a Brewery. A grinding
mill is very like a brake and perhaps this is
what inspired the development of brake
dynamometers. The average amount of
work over time done by horses turning a
horse-mill was found to be the same as that
done by horses lifting weights, fig. &.

Weight lifting has attractions for low-
power measurement, but there's a key
disadvantage in this application. It is that
the Coffee-Cup engine is rotative, and,
unlike a horse, poor at stop-start work.
The engine is flip-started by putting
external power into the flywheel, is easily
stalled, and takes time to get up to speed.
Therefore, the behaviour of the engine
during start-up is likely to be ill-defined.
Furthermore, the power measurement
can only be estimated for the time it takes
to complete a lift, whereas it would be
better to monitor the power output of a
rotating engine continuously. In the hope
of finding something better | put this one
on the back-burner too. | did however
make a mental note that a variation of the
approach would be good for measuring
the power output of a locomotive. It would
be relatively straightforward to derive the
power output of a locomotive by measuring
the draw-bar pull needed to haul a truck of
known weight over a known distance within
a known time.

A Belt Dynamometer, fig. 5, is a
transmission type that samples a
proportion of the power delivered from
the test engine to the load. As such it is
aimed at the larger engine. As the Coffee-
Cup Stirling Engine is a low power device,

I couldn’t conceive a way of making a
sensitive dynamometer using the belt
principle.

My attention was drawn to the means
by which the output power of a ship's
engine is determined. As the output of a
ship’s engine certainly isn't “low-powered”,
it's ironic that this is the method | chose
to assess the puny power output of the
Coffee-Cup engine!

The output of a ship’s engine is often
expressed in “Shaft Horsepower”. The
method depends on the fact that a turning
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propeller shaft behaves as a spring. When
the engine rotates, it applies a torque or
turning moment to the shaft. At the other
end of the shaft, the propeller spinning in
water absorbs power and resists the torque.
Consequently the propeller shaft twists
slightly as it turns. To take a measurement a
steel shaft must be at least 40 times longer
than it's diameter to give a satisfactorily
large twist. In this form of dynamometer
the propeller acts as a brake, and the shaft
functions as a kind of spring balance. The
elasticity of a shaft can be calculated from
the properties of the steel from which it
is made, or the shaft can be calibrated by
measuring the twist caused by applying a
known moment to it (weight x distance).
Once a shaft's elasticity has been
obtained, some means is needed to
ascertain by how much the shaft is twisted
by the engine when the ship is under way.
The degree of twist is proportional to
the work being done by the engine and

knowledge of the engine’s rpm allows the
power output to be calculated.

One way of measuring the twist is optical,
fig. 6. Alamp is fixed at the engine end of
the propeller shaft. A disk mounted on the
shaft with a hole in it causes light from the
lamp to flash down the shaft tunnel each
time the shaft rotates. At the propeller
end, an observer looks through a slitin a
similarly rotating disk. The two disks are
aligned with the engine stopped so that
the lamp can be clearly seen. Then with
the engine running, the viewpoint at the
propeller end is rotated around the shaft's
axis until flashes are most brightly seen.
The angle through which the viewpoint
has been turned is measured to reveal how
much the shaft is twisting under load.

In a full-size Flash Dynamometer the
optical apparatus is somewhat elaborate.
Means are provided to centre the scale
in parallel with the shaft. A vernier or
microscope allows accurate scale readings

Fixed lamp

q

Scale

Angle adjustable slit
& eyepiece

] »

Shaft Dynamometer
Flashlight type

From _ N W____
engine
Long shaft
Watts =
Where:

T = torque in Newton metres
n = revolutions per second

To load

Shaft driven
rotating slit
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and a periscope is provided so that the
operator need not have his head too close
to the shaft.

With an Arduino to hand a simpler
solution is available. Rather than have an
operator test for optical alignment it is
possible to determine the angle of twist by
electronically measuring time differences.
Once inside a computer the machine can
also do the sums for us.

When two disks connected by a torsion
rod are rotated, the load-end disk will lag
behind the engine-end disk as the rod is
twisted by the applied torque. A sensor pair
used to detect a known point on each disk
will allow the time lag between disks to be
found. If rpm is also known, then the angle
of twist can be calculated.

Despite the apparent disparity of scale
between a ship’s engine and a Coffee-

Cup Stirling Engine, a variant of the

shaft dynamometer seemed to be very
promising. The full-scale version uses the
existing propeller shaft as a spring but

that's not practical or necessary in this case.

All that's needed to measure small powers
is a suitable spring.

To test whether or not a shaft
dynamometer could be used with a small
spring | built a prototype out of Meccano,
photo 2. The Torsion Bar was a steel
strip salvaged from the innards of an old
windscreen wiper blade.

Despite the obvious crudity of the
Meccano Prototype | got a result indicating
that the red motor was roughly 40%
efficient under my test conditions. The
power input to the motor was measured
accurately using a voltmeter and ammeter.
The output was measured by using the
Arduino to determine RPM and angle
of twist from time lag. After calibrating
the spring the maths revealed the
motor’s approximate output power to be
comfortably within the expected range
bearing in mind that the power output,
torque and efficiency of a DC motor all vary
with speed and load.

On the downside, a couple of watts input
were needed before the load represented
by the Meccano dynamometer would
turn, even though the “brake” is only
friction in the absence of a bearing. It was
obvious that that a dynamometer capable
of measuring milliwatts would have to be

[ [ [
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Meccano Experiment

Mk.1 Dyno

better engineered.

A few hours work with a lathe and
milling machine produced the Mark 1 Shaft
Dynamometer, photo 3. This featured
bearings, the couplings needed to connect
a Coffee-Cup Engine, a torsion bar made
of 0.9mm diameter piano-wire and some
brake wheels of different weights.

The Mark 1was a failure. Even though
much easier to spin than the Meccano
prototype, it was still too heavy a load
for my Coffee-Cup Engine. This led to an
urgent design review that focussed on
the bearings. Firstly, the bearings were a
somewhat stiff cheap type and secondly
there are four of them! At the same time,
calibrating the piano-wire torsion bar
showed that it would be too stiff to be
twisted through a measurable angle by the
low power likely to be output by the Coffee-
cup Engine.

Arethink suggested that all the bearings
at the engine-end could be eliminated, a
longer torsion bar used to increase elasticity
and the heavy “brake” wheel replaced with a
lightweight one made of black polystyrene
recycled from frozen pizza packaging.

The dimensions of the Mark 2 Shaft

Torsion Bar

Hall Effect Sensor

Dynamometer were:

Tension Bar: Piano-wire. 350mm long,
0.9mm diameter.

Brake wheel Assembly: Total Weight 15.1g
Stand: Bright Mild Steel. 240 x 40 x 8mm
with bolted on foot 60 x 40 x 8mm.

Wheel: Black polystyrene. 110mm diameter
x 4.5mm. Cut from a frozen pizza tray.

Dimensions are not particularly critical,
drawing 1, except that the axle of the
dynamometer wheel, photo &4, must be
mounted at the same height as the axle of
the engine under test and at right angles to it.

Normally my Coffee-Cup Engine runs at
about 130rpm. My engine labours with the
dynamometer attached, initially turning
no faster than 40rpm. Nonetheless, | was
pleased it worked at all. | was able to take
measurements and calculate a result.

Later the dynamometer was improved by
replacing the stiff bearings with a better-
quality type. This “improvement” revealed
a problem, which is that there is a delicate
balance between the power of the engine,
the elasticity of the torsion rod, and the
friction applied by the brake. If friction is
too great, the engine stalls. Another issue
is that the twist angle will be insufficient

Model Engineers’ Workshop
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Dynamometer Wheel Assembly

White or Saver Reflector

Tines 0l Krniriest Lok Hiut

if either the brake friction is too small or forum suggested using a plastic torsion electromagnet braking brought about by
the torsion rod is too stiff. Stiffness is rod: | think this is a good idea but my junk inducing eddy-currents in aluminium foil
reduced by using a longer torsion rod but box failed to produce a candidate. glued to the polystyrene wheel.

an overly long elastic torsion rod will sag, Once a reasonable balance between

so there are practical limits to the size and spring and brake action is achieved the Calibration

material used to make the torsion rod. By utility of the dynamometer could be Itis necessary to calibrate the spring of the
chance the cheap stiff bearings | initially increased by giving it a variable brake torsion rod before using the dynamometer.
used provided a reasonable load, whilst action. This might be done by: using brake length), where deflection is measured in mm
better bearings reduced friction too much wheels of different weights; or by adding above base using the steel rule.

to give a substantial twist. More research is drag by running the rim of the polystyrene

needed. A post on the Model Engineering brake wheel though a liquid; or with To be continued
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One Man :
e Lathe :
Brett Meacle and his Taiwanese AL150

his

Modified lathe.

hen | was younger | always knew
| wanted a lathe, | didn't really
know what I'd use it for but |

purchased this lathe in 1991. At the time, |
had never heard of Model Engineer or MEW,
| discovered MEW Issue 9 at a newsagents
and haven't stopped reading it since.
The lathes model number is AL150 but
is similar to Compact 8, CT 918 and 920
Lathes. This style of lathe has been around
for almost 25 years, so | assume there are
numerous examples in workshops around
the world. While not to the high standard of
the Myford lathes, | feel these lathes are a
good starting point for entry into the world
of engineering. Most of the modifications
and items | have made are not required on
a Myford, and to be honest had I purchased
a Myford I may have been too scared to
modify it. Working on this lathe has given
me the experience and confidence to buy
and recondition a more classic machine in
the future.

This article details the changes I've made L
to my machine and will hopefully assist Fixed and Travelling Steadies including Travelling steady for small diameter work.
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Taiwanese AL150

— |

Shows the bars and grub screws for adjusting the headstock alignment.

others with ideas to improve their lathes.
Most of the ideas are not original but have
come from reading Model Engineer, Model
Engineers Workshop, The Workshop Practice
Series and many of the other classic books
on lathes and turning. I then modify and
adapt the design to suit my requirements.
Although having been schooled in the metric
world, | can work with imperial dimensions,
converting between the two systems. The
design is then drawn up full size in a CAD
program to check for any errors and any
problems with clearances between parts.
Drawing the parts also gives a feel for what
the part looks like and how you will machine
it. The drawing is then dimensioned and
printed out for use in the workshop.

The first modification performed was
a tailstock clamping lever to replace the
spanner and nut combination. The Clamp
plate is tightened via an eccentric shaft
and lever. This small mod makes using the
tailstock much easier to use and has been
documented many times over the years,
photo 1.

6]

Headstock showing the spindle lock handle in the clamped position and the tumbler reverse lever.

Faceplate and Dummy Spindle.

June 2017

Spindle Lock body

The lathe although new had only basic
accessories eg 3 and 4 Jaw chucks, centres
and drill chuck, but not such items as a
drive plate for between centres work,
faceplate or fixed/travelling steadies.

The fixed and travelling steady designs
were scaled down from a larger lathe
incorporating removable fingers of
different lengths to cover a large range
of sizes. The fixed steady was made with
four support fingers, and can support work
up to 70mm. The fingers are tipped with
gunmetal for general turning and another
set using hardened steel tips are used in
the travelling steady for the threading
of long components. photo 2 shows the
fixed steady and two travelling steadies
including one for small diameter work using
replaceable gunmetal bushes.

The headstocks on this style of lathe are
bolted to the bed by four M8 bolts, with
no fixed datum for aligning the spindle to
the bed. To assist in aligning the headstock
two 12mm Sq bars were bolted to the
underside of the headstock. These bars are
cross drilled with two grub screws each that
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Master and Slave chuck and Internal stepped Collet Chuck.

register against the inside faces of the bed.
Using a Test mandrel these grub screws
allow minute adjustments in alignment

of the spindle. The headstock bolts when
tightened do not disturb the alignment,
only clamping the headstock to the bed.
Photograph 3 shows the bars fitted to the
underside of the headstock.

A spindle lock has been fitted to clamp
the spindle in any position. The body of
the clamp is shown in photo 4, this is
bolted inside the headstock casting. The
handle operates a threaded shaft and nuts
to compress the clamp onto the spindle.
Both LH and RH Acme threads are used to
double the clamping movement and reduce
the handle movement. The spindle lock
handle is shown in the locked position in
photo 5.

Arear spindle steady has been
incorporated into new bearing adjustment
locknuts. The rear steady is useful when
working with long stock that extends past
the end of the spindle bore as it supports
the work from whipping around violently.
Awork piece centred accurately in the rear
steady allows more accurate work to be
performed at the chuck end. The Adjusting
grub screws are tipped with brass to reduce
marring of the work. Photograph 9 shows

i

Gear quadrant and gear studs.

36 www.model-engineer.co.uk

Tumbler reverse and the rear spindle steady.

the rear steady, the adjusting screws are
removed when not being used, as they
interfere with the mandrel handle when it's
being used.

Alarger 4 Jaw independent
chuck was purchased and
required a backplate so a
dummy spindle was made
to allow machining of the
backplate thread and register.
Using the dummy spindle a
backplate, drive plate and
faceplate were all machined to
fit the lathe spindle.

The faceplate made from
patterns and a casting is
185mm in Diameter, extra
thick and has 12 machined
slots for mounting work. The
faceplate with the dummy
spindle is shown in photo 6

The dummy spindle was
later used to machine the
threads and register for a
Collet chuck using ER32

collets, a Master and Slave chuck system
and large version internal stepped Collet
chuck. The last two items are described
by Tubal Cain in his book Work holding
in the Lathe. Photograph 7 shows the
master chuck and some slaves and also the
internal step collet chuck and a couple of
collets. Master and slave chucks are used
for second operation work on components.
The slaves are a close fit in the master bore
and will always be concentric and exact
length each time they are used. The internal
step collets cover sizes from 25 to 60mm,
and are excellent for holding thin flat
components and delicate rings.

As with all small lathes parting off was
a problem, inspiration came from the
invaluable works of George Thomas. A lot of
the accessories and modifications | make are
to the designs and writings of G H Thomas.

Arear parting tool holder was made and
fitted to the cross-slide. This was initially
fitted to the original cross-slide using an
extension plate as the standard cross-slide
was only 160mm long with travel of 110mm.

Model Engineers’ Workshop



Fine feed attachment, used with a 100T gear on the Leadscrew.

Because the slide was so short the saddle
dovetails were open to swarf and dust at
each end. The limited travel also meant
the topslide had to be moved between
the 2 mounting positions on the slide for
different jobs. The topslide was held on by
a flimsy plate and two 6mm T-bolts, and
the sturdiness of this setup left a lot to

be desired. As the Myford lathes are the
pinnacle of small lathe design, | decided

to make a topslide and cross-slide along
the lines of the Super 7. Patterns were
made and a local foundry produced some
castings of excellent quality. After a period
of seasoning, they were machined and
fitted to the lathe. The rear parting tool now
bolts onto the longer cross slide and the
dovetails are covered at all times. The new
arrangement can be seen in photo 8.

The larger topslide, more robust
leadscrews, larger micrometer dials and
longer travels on both slides make the lathe
much easier to use. The extra rigidity has

Clutch unit.

June 2017

improved accuracy and the surface finish in
parting, facing and turning remarkably.

Screwcuttting

The original low speed of 100RPM is too
high for most screwcutting jobs. The spindle
thread on this lathe is M40 X 2.5mm and

in the spindle accessories short in length
ending in a blind hole. To complete the
dummy spindle and thread the spindle
accessories a mandrel handle was made. The
handle allowed these jobs to be completed
without undue stress, but | still prefer to

use it for longer jobs. It's good exercise and
the slower turning of the handle produces a
superb finish on the thread.

As experience was gained in screw
cutting and new projects required the
cutting of LH threads another shortcoming
of this lathe style was made apparent i.e.
the lack of a tumbler reverse. | wanted a
design that allowed LH and RH threads
with a central position to disconnect the

Taiwanese AL150 ”

lead screw from the spindle. The tumbler
plate bolts to the headstock but allows the
40-tooth tumbler pivot gear to be replaced
with a 20/40T gear. In photo 9 the 20/40T
gear is shown fitted to the tumbler pivot.

As a result of adding the tumbler reverse
the long tee bar used for the original
gear trains was not useable. A new Gear
quadrant was made allowing a more
compact and easier to use arrangement.
Photograph 10 shows the new gear
quadrant and stud arrangement.

My lathe is not fitted with a quick-change
gearbox, which | don't see as a problem
as although the gearboxes allow quick
changes, they limit the range of threads and
worms that can be cut.

To reduce the amount of gear changing
between screwcutting to fine feeds and
back again, a self contained fine feed
attachment designed and made. With the
movement of a stud and the substitution
of one gear on the fine feed attachment
and the replacement of the 40/40T tumbler
reverse gear with a 20/40T gear, feeds of
0.2, 0.1and 0.05 mm are possible. When
changing from fine feed to screwcutting,
the fine feed attachment is replaced with
the changegear quadrant. The fine feed
attachment is shown in photo 11 with the
20/40T gear fitted. To increase the feed rate
the stud is unscrewed allowing the 20/40T
gear to be removed. The stud is then fitted
in the second hole seen in the photo with
the 40 Tooth gear.

After a reasonable amount of screw
cutting the 1.5mm pitch lead screw and
clasp nuts were wearing out. A length
of 3mm pitch trapezoidal threaded rod
was purchased and replaced the existing
leadscrew. New heavier duty clasp nuts
were made to suit the new lead screw. A new
Screwcutting chart covering a larger number
of pitches was also produced covering all
metric pitches from 0.25 - 4.5mm.

Clutch Unit
One of the major problems with small
hobby lathes is the lack of a clutch.

Single phase motors do not like frequent
starting/stopping, although the motor on

Clutch unit fitted to rear of lathe.
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Lathe controls showing push buttons on left, clutch lever and the tool board is partially visible
on the right.

my lathe has worked perfectly for over 18
years. The Fwd/Rev rotary switch mounted
on top of the headstock was the weak link
and was replaced with push buttons and no
volt release contactors fitted to the stand.

Another reason for the clutch assembly
was to rectify another flaw on these lathes-
100RPM low Speed- actual measured speed
130RPM.

Low speed attachments have been
described before using extra pulleys and
belts on the headstock, but | wanted to
incorporate a speed reduction and clutch
into the one unit. Newer lathes are being
produced with variable speed DC motors
or 3 phase motor/inverter drives solving
the speed reduction problem.

A clutch had been planned for a number
of years, but working with Vee Belts,
Timing belts and associated pulleys
was producing a design both large and
complicated to machine.

The turning point was the discovery of the
Multi vee Serpentine Belt. The Multi vee belt
allowed a more compact design with speed
reduction achieved using only two pulleys
instead of three pulleys. Also, the pulleys
for the Multi vee belts are much easier to
machine. This allowed a speed reduction of
2.9 -1and a11-Tincrease to give 12 speeds
covering a wider range 45 - 1985RPM.

The original pulleys and belt tensioning
mechanism on the headstock was retained.

The clutch is a basic cone clutch using
a spring to compress the plates together.
wThe movable clutch plate is keyed to the
driveshaft via a hexagonal section. The
clutch is operated by a cam and pushrod
moving the coned clutch plate away from
the pulley section. The Multi vee pulley
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section is fitted with ball bearings and
rotates freely on the driveshaft when the
clutch is disengaged. Photograph 12 is the
complete clutch unit on the bench.

The clutch unit takes the place of the
motor on the rear of the headstock, photo
13 and the original motor pulley is fitted to
the end of the clutch shaft. The motor with
a new pulley is relocated in my case into the
base of the stand but could be mounted
behind or even above the headstock. A
belt tensioning mechanism is required for
whatever mounting position decided on.
The original flimsy stand has been modified
at present but a new more substantial
stand is planned to incorporate the motor,
drawers and compartments for storage.

The clutch lever is underneath the lathe
bed and not up high like the Myford, this
suited my working style as my lathe is
mounted higher than usually seen- spindle
centre 1275mm High. In operation, the Stop/
Start buttons are pressed with the left hand
which then only moves a short distance
to operate the clutch lever and saddle
movements. A tool board is mounted on
the tailstock end of the stand also down
low. Photograph 14 gives an idea of the
layout. The clutch handle is shown in the
disengaged position, to engage the clutch
the lever is moved towards the headstock.

This lever position may not be suitable
for lathes with a gearbox and by using
an extension the clutch lever could be
mounted above the headstock.

Another possible benefit of the clutch
is to allow the spindle to run up to speed
slower, protecting the tiny and expensive
SMV belt from breaking. Belt breakage is
a common problem on these lathes; some

of the newer machines have beefed up the
size of the headstock belts and pulleys to
rectify the problem. Since the clutch has
been added no belts have broken and the
clutch has given faultless operation for over
12 months. The constant stopping/starting
for measurements, clearing swarf and tool
changes is now just a flick of the clutch lever.

Conclusion

Works in progress include a new lathe
stand, a headstock dividing attachment
using GHT's VDH components. The square
aluminium hand wheels will be replaced
with cast iron round section hand wheels
and some ball handles have to be made. The
feedscrew dials although graduated require
numbering, a job once a universal pillar tool
is completed. When all the work on the lathe
is complete, everything will be stripped
down and receive a new coat of paint.

In the intervening years since this
article was written, the clutch and other
modifications have worked very well.

| purchased a second later version 920
Lathe and completed the same additions
and modifications, with the exception of the
Tumbler reverse.

For Screwcutting | had read about Graham
Meeks Screwcutting Simplified Clutch so |
made and fitted an adaption of his clutch to
this second lathe, photo 15.

The clutch and a retracting topslide has
made this task a breeze without the need for
a mandrel handle.

| appear to be in a cycle of making tooling
to make more tooling but each new tool or
modification allows the following jobs to be
produced with greater ease.

With each job, you gain more experience
and confidence and one day a more
traditional model engineering project will
appear from the swarf.

I hope this article will assist other readers
and if there is any interest | can write up
constructional articles for any project. m

Screw cutting Clutch set up on the
headstock of improved lathe Mk11.
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~ £6,995.00!

PRICE GUARANT

-

50% of batch sold
in last 28 days
ORDER NOW!

AN EXHIBITION STANDARD MODEL AT HALF THE PRICE OF A ONE-OFF PROFESSIONAL BUILD!

Original designs...

Our models are delivered ready-to-run with a CE marked, silver soldered,
copper boiler. Over the last 4 years we have earned a reputation for customer
service that is second-to-none.

Hand built to order...

We build models in small batches and this enables us to keep prices
competitive. The 45xx is available in a choice of three liveries: GWR green,
GWR black and BR lined green.

Limited to a single batch production this year there will be no further
deliveries until 2021. Order reservations will be accepted on a first come,
first served, basis. An early order reservation is recommended. Delivery is
scheduled for October 2017.

SUMMARY SPECIFICATION
¢ 5 Inch Gauge o Boiler Feed By Crosshead Pump And
o Coal-Fired Live Steam Hand Pump

o Stainless Steel Motion

* Sprung Axle Boxes With Needle Roller
Bearings

o Etched Brass Body With Rivet Detail

o Safety Valve

o Extra Steam Valve On Turret For Customer
Fit Injector

o Available In Choice Of 3 Liveries

¢ Delivered Painted And Ready-To-Run

¢ 12 Month Warranty

e 2 Outside Cylinders

o Stephenson Valve Gear With Slide Valves

o Cast Iron Cylinder Blocks (Bronze Liners)

o Steam Operated Cylinder Drain Cocks
(Okadee Type)

o Displacement Lubricator

o Silver Soldered Copper Boiler (CE Marked
And Hydraulically Tested)

¢ 6 Element Semi-Radiant Superheater

¢ Pole Reverser

45xx in BR lined green

Registered in England & Wales no. 7425348

APPROX DIMENSIONS

Length 1067mm
Width 292mm
Height 368mm

Weight 60kg

Your choice of ways to pay...

You can reserve your model now with a deposit of just £1,995.00. You will
be asked for an interim payment of £2,500.00 in May and a final payment of
£2,500.00 in October 2017 in advance of delivery. Alternatively, you can pay
your deposit of £1,995.00 and then pay just £500.00 a month for 10 months.
Delivery will be made when payments complete.

Delivery and packaging charges extra according to country.
We will buy back your model...

This model offers exceptional value. Low production numbers create the
prospect your model will appreciate over time. Such is our confidence we
are willing to re-purchase mint condition examples at the full price paid. Full
details with your brochure pack.

“As an award winning professional model maker it was my

| pleasure to supervise the design and development of the 5
inch gauge GWR 45xx Class for Silver Crest Models. This is a
superb model that captures the elegant lines of the original
and is an assured performer on the track.
As a builder of steam models for 20 years | am well placed
to appreciate the remarkable value for money this model
represents”

Mike Pavie

Request your free full colour brochure today...
Find more information at www.silvercrestmodels.co.uk

or e-mail info@silvercrestmodels.co.uk

Alternatively clip the coupon below, or call 01788 892 030.

T 0T 0 Lo lU[Z W6 ;YN  To: Silver Crest Models Limited,

. L Wroxton Business Centre,
Please send, without obligation, Bragborough Farm, Welton Road,
my free 5” gauge GWR 45xx

Braunston, Northamptonshire
full colour brochure NN11 7JG.




Extending the
capabilities of the
Jacobs Gear Hobber.

Differential indexing, worm gears and more. By Chris Robinson - Part 3

ith the gear shaper mounted on
what is normally the workpiece
arbor (set at an angle equal to

the lead angle if the Mod 1.25 hob), and the
worm blank mounted in place of the hob
the worm was machined in 4 cuts using the
same speed and feed as for hobbing the
shaper, photo 20. The worm wheel was
made in the same way as described earlier
and the finished worm and wheel are shown
in photos 21 and 22. Another example was
made using a 5/16" x 16 tpi RH ACME tap as
the hob. This can be seen in the foreground
of photo 29 (see later). The single start
worm meshes with a 40T worm wheel.

Helical gears of high helix angle.
With the modifications made so far,
because of the geometry of the Jacobs
machine, it is only possible to hob helical
gears with a helix angle not exceeding 30°
for RH gears and not exceeding 45° for LH
gears. However, gears with a much greater
helix angle are commonly used in industry,
usually in 90° drives. An example is the
car speedometer drive shown in photo 23
where the helix angle of the driving gear

is about 60°. This will mesh with a gear of
30° HA of the same hand to give the 90°
drive. Note that with all the helical gears
discussed so far, the helix angle is quoted
with reference to the rotational axis of

the gear. As the helix angle of a gear s
increased it looks more and more like a
worm gear. Aworm gear is only a helical
gear with a small number of teeth and a
high helix angle. However, it is more usual

The double enveloping worm
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Cutting the double enveloping worm

to quote the lead angle of a worm gear (the
angle of the teeth relative to a normal to
the rotational axis). So, a single start worm
gear, Mod 1 with an OD of 16mm is usually
quoted as having a lead angle of about 4°.
Itis also a single tooth helical gear with

a helix angle of about 86°. The helix and
lead angles for any one gear are, of course,
complementary (i.e. helix angle plus lead
angle = 90°)

To make these high helix angle gears
with the Jacobs hobber it is necessary to
change its geometry. An adaptor plate was
made up, photo 24, to turn the hob spindle
housing and the index gear "L’ bracket
through 90°, so when the cross slide angle
is set to zero the axes of the hob and
workpiece are parallel. Cross slide angular
settings either side (with allowances for
hob lead angle) will allow high helix angle
gears with either LH or RH to be made within
the range 60° to 90°. These are equivalent
to worm gears in the range 0° to 30° lead
angle. In addition, a new bevel and worm
index drive was made up, photo 25, to allow
the cardan input and output shafts to be

parallel. It also has a 16:1 ratio, recognising
that high helix angle gears will generally
have low tooth numbers. This changes the
machine constant from 40 to 16.

The process for determining index and
feed gears is just the same as any helical
gear and the higher helix angle must be
input. However, for the revised machine
geometry using the adaptor plate, the
component of the feed normal to the hob
motion is in the same direction (toward the
hob spindle housing) for both RH and LH
gears. This is because the feed direction
has been reversed for RH gears compared
to the standard machine set up. In both
cases, therefore, the corrected index ratio is
less than the standard (spur gear) ratio. For
both handed gears in this case the “Hand
of Helix" indicatoris set to -1asina LH
gear for the standard set up. Photograph
26 shows the setup for hobbing a 27DP,

5 tooth LH gear with a helix angle of 78°.
This can also be described as a five-start
LH worm having a lead angle of 12°.
Photographs 27 and 28 show the setup
for hobbing a 22DP, 7 tooth RH gear with a
helix angle of 73° (a seven-start RH worm
having a lead angle of 17°). In this case the
rotation of the workpiece is reversed by

Double enveloping worm and wormwheel
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Gear Hobbing ”

a = Helix angle of gear, p = Pitch of feed
screw, R = Gear ratio workpiece : feed screw
(feed ratio).

The feed ratio R is defined as: Number of
turns of the workpiece for one turn of the
feed screw. Normally profile shift ratio Ps
=1. For an explanation of profile shift ratio,
see the note at the end of this section. From
the above data, the PCD of the gear D =T x
Mod x Ps/cos a.

Figure 8 represents the motions for
helical gear hobbing with a right-hand hob.
Note that the gear helix angle a is relative
to an axis parallel or normal to the hob
tooth motion, i.e. offset from the hob axis
or normal to the axis by the hob lead angle.

Car speedometer drive

turning the top bevel through 180° to drive

t
the worm from the rear and in the opposite 5
i

direction. However, this also reverses the o | e RIS Consider first a RH helical gear. For each
cross-feed screw rotation so to maintain the 900Adaptor plate revolution of the workpiece the distance
direction of feed a LH feed screw and nut are _ . ) normal to the motion of the hob teeth

required. In both cases a 10T pinion was made
to mesh at 90° and the results are shown in
photo 29. Table 3 shows the spreadsheet
output for these two gears using the
improved spreadsheet described below.

travelled by a point on the PCD of the gear
being cut, relative to the cross slide = Tt D
cos a. However, the cross slide itself will
have moved a distance = p sin a/R in the
opposite direction, so the motion relative to
the hob is less and equal to Tt D cos a - p sin
a/R. To correct for this the motion must be
speeded up by a ratio equal to:

mtDcosa/(mtDcosa-psina/R)=1/(1-p
tan a/ Tt RD) fora RH gear

In the case of a LH gear the motion is
greater by the same amount equal to Tt D
cos a + p sin a/R. In this case the motion
must be reduced by a ratio equal to :

TtDcos a/(Tt D cos a+psina/R)=1/(1+p
tan a/ Tt RD) for a LH gear

The index ratio for a spur gear = M/T, so
the index ratio for a helical gearis :

I = M/T x (1- p tan a/1t RD)} for a RH gear

I = M/AT x (1+ p tan a/Tt RD)} for a LH gear

A simplified method of index
correction

In the 2010 MEW article on hobbing helical
gears, two sets of four compound gears, a
standard “spur gear” train and a “corrective”
train were used for index correction when
making helical gears and worm wheels
using tangential feed. With the addition of
4 gears for the feed train and two for the
drive train, this is a total of 14 gears.

In commercial hobbing, machines only
use one set of four compound gears for
the index train. What prompted the use of
the extra “corrective” train was my lack of

a knowledge at the time as to a simple way Now consider a practical example. We

to determine the gears to be used for just “|" for a helical gear we need the following wish to cuta Mod 1, 20T gear with a RH helix
the one set of four. | eventually realised data: angle of 200 with no profile shift (Ps=1). The
that this can be done using the same T = number of teeth on gear to be cut, PCD of the gear D =20 x 1x 1/cos 200 = 21.28
method of continuous fractions as used for Mod = module of gear to be cut, M = mm. If the machine constant M = 40 and
determining the feed train. Machine constant, Ps = Profile shift ratio the pitch of the feed screw p = 1mm and we

The original Excel spreadsheets for
determining feed gears for helical gears and
for worm wheels using tangential feed have
been expanded to determine compatible
trains of index and feed gears without the
use of the extra “corrective” train. This has a
number of advantages:
® Only 10 gears instead of 14 are required

for any one setup.

® Only one gear of each tooth number is
required as opposed to two of each for 30
- 55 for the corrective train.

@ Helical gears and worm wheels having
prime numbers of teeth can in most cases
be made without already having a spur
gear of the prime number of teeth (or
multiple thereof), or a differential. The
exception is for helical gears with long
leads.

Finding compatible index and feed trains
using continuous fractions

Helical Gears

The index gear ratio "I" is defined as:
Number of turns of the index worm for
one turn of the hob. For a spur gear, this is : - s . : j

simply M/T. To calculate the index gear ratio Setup for hobbing a 5T 27DP 780 HA LH gear >
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Setup for hobbing a 7T 22DP 730 HA RH gear

Plan view of hobbing a 7T 22DP 730 HA RH gear

Fig.8 ) Motion diagram for hobbing helical gears

aD Sin a

%Sin o

peliv}

a
ECos a LH Gear

aD Cosa xD

7D Sin o

RH Gear

choose a trial feed ratio R =10 then the index
ratiois:

I=40/20{1-[1xtan 200 / (Ttx 10 x 21.28)]}
=2.0010893

If we wish to cut the similar gear with a LH
helix then the index ratio is :

I =40/20{1+[1xtan 200 / (Ttx 10 x 21.28)]}
=1.9989119

These are awkward ratios. However, help
is at hand with a mathematical device called
continuous fractions which is described
simply in Ivan Law's excellent book, Gear and
Gear Cutting on pages 92-94.

Method of determining compatible
combinations of Index and Feed gears

A hobbing machine has two key sets of
gear trains, the index train and the feed
train. Each train is usually a set of four gears
compounded making a total of eight. To
make a satisfactory helical gear the ratios of
each train (I for the index train and R for the
feed train) must be related as per the above
formulae and be exact within a small error not
greater than a few parts per million (ppm).

Itis feasible to test all possible
combinations of 4 gears compounded to
find the closest approximation. If we have
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The finished high helix angle gears with a 16tpi pitch double enveloping worm and wheel.
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80 gears, say 21T to 100T, then the total
possible permutations of 4 in a compound
train is 80P4 = 80!/(80 - 4)! = 80x79x78x77
which is about 38 million. But because the
effect of the same two gears in the first
driver/driven pair or the second driver/driven
pair is the same, it is half of this, about 19
million, still a lot. While this can be done

in Excel using macros it would use much
computing power and memory. Such a
method is termed "brute force”.

A more elegant alternative is to use a
mathematical concept called a continuous
fraction. Referring to fig. 9, This states
that any real number R can be expressed
by a series of integers in the form of a
continuous fraction as shown. When the
fraction is rearranged the resulting integers
can represented by gears tooth numbers.
The further the fraction continues the
nearer the approximation to the exact value.
Figure 9 also shows the first 5 integers
for the continuous fraction for Tt and how
they are calculated. This leads to the well
known second approximation 3 1/7 or 22/7
which has an error of 402 ppm. What is
less well known is that the third and fourth
approximations approach the exact value
with errors of 27 ppm and less than one part
per 10 million respectively and are achievable
with practical gears. For example, 333/106
=30/20 x 111/53 for the third and 355/113 =
71/20 x 100/113 for the fourth.

A spreadsheet has been written using
this process to identify a compound set
of four gears which will closely approach
any given ratio. It first looks at the
combinations of four gears to approach
the exact index ratio required. If we take
our example of a Mod 1, 20T gear with a RH
helix angle of 200 and a trial feed ratio of
R =10 (see table 4), we need an index ratio
of 2.0010893. The spreadsheet searches
pairs of 16 driver gears and 58 driven
gears, i.e. 928 combinations (as opposed
to 19 million required by the brute force
approach) which when combined with two
other gears will closely approach the exact
value. Examination of the driver/driven pair
89/82 reveals that when combined with
the pair 59/32 delivers a ratio of 2.0011433
which is exact within 27 ppm. The gear
cluster also has to have a minimum centre
distance, about 5.5" for the Jacobs hobber.
Gear combinations which do no meet this
requirement are rejected.

Now recalling that the exact ratio was for
a TRIAL feed ratio of 10 we can refine the
solution by back calculating the exact feed
ratio needed to produce a required index
ratio of 2.0011433. The result is 9.527799.
Using the same process to find a set of
four gears to approach this exact ratio we
find when examining the driver/driven pair
24/77 that when combined with the pair
33/98 delivers a ratio of 9.5277778 which is
an error of 2 ppm.

Now although this error is very small,
it accumulates with each workpiece
revolution that is needed to fully cut the
gear. This will depend on the feed, the gear
width and the helix angle. Table & indicates
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Gear Hobbing

HELICAL GEAR HOBBING CALCULATOR

27DP 5T Left Hand Gear 78 Deg HA

Mo teeth of gear T 5
Module DP 27 094

Helix angle A 78 Deg
Machine constant M 16

Hand of helix. RH =1 LH =21 -1
Cross feed pitch P 1 mm
‘Width of gear w 7 mm
Trial Cross feed ralio. RL 25
Standard index ratio 3.2000000
Corrective ratio for trial feed 09973583
Caorrecled ind ratio for trial feed  3,191540622
Corrected ind ralio used 0.99735015
Cross feed ralio exact 249138191
Depthof cut D + 1 2029 mm
Cross feed ratho

used 24 91379310

Helix angle radian Arad 1.36 radian
Cos helix angle Cos A 0.208

Tan helix angle Tan A 4.705

Pitch dlamater of

gear D 2262 mm
Piteh cireumference of gear 71.07 mm
0D of gear 2451 mm
1D of gear 2045 mm
Lead 1511 mm
Corrective ratio exact 0.997350146
Corrective ratio used 0.997350143

Exact feed ratic 24,913819

Feed lo traverse

gear 336668 mm
Cross feed per rev of wk arbor 0.0401 mm
No revs of wk arbor to cut gear B38.80

Dist normal to hob teeth/rev

Table 3 Spreadsheet output for hobbing high helix angle gears

HELICAL GEAR HOBBING CALCULATOR

22DP 7T Right Hand Gear 73 Deg HA

No teeth of gear T T
Module DP 22 1.15

Helix angle A 73 Deg
Machine constant M 16

Hand of hefix. RH =1, LH=-1 -1
Cross feed pitch P 1 mm
Width of gear w 7 mm
Trial Cross feed ratio Rt 25
Standard index ralio 2.2857143
Corractive ratio for frial feed 0.99840957
Correcled ind ratio for irfal feed  2,282275814
Corrected ind ratio used 0.99850478
Cross feed ratio exact 25.1526852
Depthofcut D + 1 2480 mm
Cross feed ratio

used 25.15263158

Helix angle radian A rad 127 radian
Cos helix angle Cos A 0.292

Tan helix angle Tan A 3.271

Piteh diameater of

gear [a} 27.64 mm
Piteh circumference of gear 86.84 mm
0D of gear 29.95 mm
1D of gear 2497 mm
Lead 26.55 mm
Corrective ratio exact 0.998504785
Corrective ratio used 0988504783
Exact feed ratio 25152652

Feed lo traverse

gear 23942 mm
Cross feed per rev of wk arbor 0.0398 mm
Mo revs of wk arbor to cut gear B602.21

Dist normal to hob teethirev

Where Ng, N1, N2, N3, N4..... are integers.

fourth estimate as 3+ 1/(7 + 1/(15+ 1/1)) = 355/113.

Pi =3 + 1
7+ 1
15 + 1
Exact 3.14159265 1+ 1

(to eight decimal places) 292 + etc

exact 14.7379638 mm exact 25.3518174 mm
Dist normal to hob teethirev Dist normal to hob teeth/rev
used 14.7379637 mm used 25.3518174 mm
Tooth thickness emorirev 0.000000041 mm Tooth thickness emorrey 0.000000031 mm
Taoth thickness error total 0.000034178  mm Tooth thickness error total 0.000018517 mm
Thickness of tooth 148 mm Thickness of tooth 1.81 mm
Thickness raduction 23.13 ppm Thickness reduction 10:21  ppm
cP 2,96 cP 363
Foed gears Ratio  24.91379310 Total Feed gears Ratio 2515263158 Total
, Driver ) Driver
Driver 1 Driven 1 2 Driven 2 testh Driver 1 Driven 1 2 Driven 2 teath
28 68 B B5 190 18 59 10 81 169
Index gears. Ratio 319152047 Total Index gears Ratio 228229665 Total
¥ Driver
Driver 1 Driven 1 2 Driven 2.  teeth Driver1 Driven! 2 Driven2  feeth
59 72 74 19 224 53 83 i 19 232
Ny + 1
N+ 1 Expression for continuous
N3+ 1 fractions and 5
Ng + etc

Taking = as an example. Working to 6 decimal places & = 3.141593. If we subtract the whole integer part 3 (which can
be considered as a first estimate we are left with 0.141593 whose reciprocal is 7.062513. So the second estimate is
3+ 1/7-22/7. Continuing the process, if we subtract 7 from 7.062513 we are left with 0.062513 whose reciprocal is
15.99596. The integer part of this is 15 soo the third estimate is 3 + 1/(7 + 15) = 333/106. Going one step furhter if we
subtract the integer part from 15.99596 we get 0.99596 whose reciprocal is 1.003417 so the next integer is 1 giving our

approximations of Tt

Approximate

number Numerator Denominator Decimal  Error ppm
1 3 1 3 -45070
2 22 7 3.14285714 402
3 333 106 3.14150943 -26.5
4 355 113 3.14159292  0.085
5 103993 33102 3.14159265 -0.0002

just over 91 revolutions in this example.

The aggregate error will result in an error in
tooth thickness of the gear. In this case, it is
under 5ppm which is negligible. For the vast
majority of gears a model engineer needs
to make, solutions can be found in this way
with tooth thickness reduction errors of

under 20ppm whereas up to 250 ppm is
more than acceptable. 250ppm is an error
of 0.00025" (a quarter of a thou per inch
of tooth width). A 20DP gear has a tooth
width of 0.062” (1.57mm), so the linear
error is 0.00016" under two hundredths
of a thou. Setting errors will greatly exceed
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Table 4 Spreadsheet output for 20T, Mod1, 20 Deg
HA helical gear
HELICAL GEAR HOBBING CALCULATOR
20T, Mod 1, 20 Deg PA RH GEAR
Input  unit
Mo teeth of gear T 20
Module DP 254 1.00 mm
Helix angle A 20 Deg
Machine constant M 40
Hand of helix. RH=1,LH=-1 h 1
Cross feed pitch p 1 mm
Width of gear W 9 mm
Profile shift ratio Ps 1.00
Trial Cross feed ratio Rt 10
Standard index ratio Is 2.0000000
Corrective ratio for trial feed Ct 1.0005446
Corr'd ind ratio for trial feed lc 20010893
Corrected ratio used Cu 1.0005716
Cross feed ratio exact Re 9.527799
Depth of cut D + f Wd 2157 mm
Cross feed ratio used Ru 95277778
Helix angle radian A rad 0.35 radian
Cos helix angle Cos A 0.840
Tan helix angle Tan A 0.364
Std PCD of gear Ds 2128 mm
Pitch diameter of gear D 21.28 mm
Pitch circumference of gear Pc 66.86 mm
0D of gear oD 2328 mm
ID of gear 1D 18.97 mm
Lead L 183.71 mm
Corrective ratio exact Ce 1.000571646
Corrective ratio used Cu 1.000571648
Exact feed ratio Re 9.527799
Feed to traverse gear Ft 9.578 mm
Cross feed per rev of wk arbor Fr 01050 mm
No revs of wk arbor to cut gear N 91.25 rev to find compatible combinations
Dist nml to hob teethfrev exact Se 62.8677707 mm of index and feed gears.
Dist nml to hob teeth/rev exact Su 62.8677708 mm Note: The profile shift ratio
Tooth thickness errorfrev e 0.000000079 mm (Ps) for most gears is 1, i.e. no
Tooth thickness error total E 0.000007254 mm shift. However, when cutting
Thickness of tooth ! .57 mm gears having low numbers of
Thickness reduction tr 4.62 ppm teeth (say less than 13) this ratio
can be set above 1to avoid
Feed gears Ratio 95277778 Total undercutting the teeth. This is
Driven  Driver more severe with hobs having
Driver 1 1 2 Driven 2 teeth a14.5-degree pressure angle
24 [ 33 98 232 than those with a 20-degree
pressure angle. For a 10-tooth
Index gears Ratio 2.0011433 Total gear with a 14.5-degree PA hob
Driven  Driver the ratio Ps needs to be about
Driver 1 1 2 Driven 2 teeth 11to avoid undercutting. This
59 82 39 32 262 essentially means that the gear
is cut on a PCD 10% greater than

this. For example, an error of one minute of
arc (1/60th of a degree) in setting the helix
angle for this example will lead to an error
of 1600 ppm (1.6 thou/inch) and a linear
error in tooth width of 0.007".

Worm gears using tangential
feed
As already discussed, the index ratio for
hobbing a worm gear with tangential feed:
I'=M/{S x T(1+ p/Tt RD)}
At this point, exactly the same process is
used in the spreadsheet as for helical gears
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standard. It also means that the
effective pressure angle is greater which
increases the separating force between the
gears in operation. On the bottom left of
photo 30 can be seen a 20DP, 14.5-degree
PA, 5 tooth pinion which is highly profile
shifted to avoid undercutting. This gear is
unsuitable for power transmission due to
having a low tooth contact ratio but is fine
as a feed gear. Another application is to
meet a requirement for two gears of one
tooth difference having the same PCD for
instance in the design of some epicyclic
gears. If a 40-tooth gear has a Ps = 1.012

Examples of gears made on the Jacobs Hobbing Machine

and a 41tooth gear has a PS = 0.988, they
will have a common PCD.

Conclusions
The Jacobs hobber, while not sturdy enough
for production work is capable, with simple
modifications, of performing most of
the functions of an industrial universal
gear hobbing machine. A great variety of
satisfactory spur, helical and worm gears
can be made in most sizes required by the
model engineer. As well as the standard
powered cross feed, automated plunge and
tangential feeds can be accommodated.
The range of gears that can be made is
illustrated in photo 30 and photo 31.

If any reader would like further details,
or a copy of the Excel gear calculator
spreadsheets, please contact me through
the Model Engineer Forum* thread titled
"Gear Hobbing (mechanical)".
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Readers’ Tips -
Tailstock Mod NNy

WINNER)

This month, Howard Winwood wins this
month'’s Chester Vouchers with a simple
tip for owners with wayward tailstocks!

Alot of far eastern lathes have a similar
arrangement of lever locking tailstock and
| would imagine all based on the same
principle of pulling a plate up onto the
underside of the lathe bed, thereby clamping
the tailstock.

| have been cussing and swearing at
mine for ages as the bolt used to position
this locking plate, gradually works loose. It
might only be about an eighth of a turn, but
it is enough that the locking lever ends up
vertical without providing full locking force.

I then have to delve under the lathe bed
and try and turn the bolt a fraction with my
fingertips to get back to status quo.

I then thought | have got to do something
as my hair is thin enough as it is.

The solution was easier than | had
imagined, as it only needed a small spring
between the bolt head and the locking
plate to effect a cure. | just used what | had
available that would fit over the bolt threads,
from a cheap box of mixed springs that are il
widely available.

| am sure there are other things that could be used such as soft rubber/foam pad/washer in place of the spring or one of those curly
locking washers. | have included photos so readers can see if it resembles the locking arrangement they may have.

Having done it, I still kick myself for not having done something about it sooner, one lives and learns | suppose.

Toolholder Modification

Runner up Alan Wood likes to keep his workshop tidy. He wins a prize from
the MEW lucky dip!

I am a lover of tool boards so tools etc have a known home. Many tools have a
‘hole for hanging' and my solution for hanging is to use standard 100mm x 4.5mm
galvanised nails shaped and cut to length for my tool boards. The head of the nail is
already ideal in that some tools will drop over it and be retained. If the tool will not
pass over the head as standard then I turn the head down and the adjacent length
of nail body and then cut the rest of the nail to a length that is the depth of the
hanging back board. After shaping the head and cutting to length a crude chamfer is
put on the sawn end with the bench sander and the nail driven into a 4.4mm hole in
the backboard to the depth of the unturned section. If you change the tool you can
easily pull the nail and turn a new profile on a new nail for the new tool.

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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PRO Up to €3 T wavantyD on selected WABECO Machines!

MACHINE - —
TOOLS LIMITED /A —~—d

Tel: 01780 740956
Int: +44 1780 740956

Precision machines made in Germany for the discerning engineer!

KisWABECO 3

- Wabeco produce quality
rather than eastern quantity

CNC machines are offered with a variety
of CNC control and software systems,
and still be used as manual machines.

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

' 700 x 180mm
e Z axis - 280 mm
* Speed - 140 to 3000rpm
* Power - 1.4 KW

year |
warrantySSuumT

Wabeco * Size - 900 x 610 x 960mm
* Weight - 101K
CNC Lathe CC-D6000 e &
* Centre Distance - * Size - 1215 x Wabeco Lathe D6000
600mm 500 x 605mm

e Centre Distance - 600 mm

e Centre Height - 135mm

* Speed - 30 to 2300rpm

° Power - 1.4 KW

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

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

Wabeco Lathe - Centre Distance - 350mm

e Centre Height - 100mm
D4000 * Speed - 30 t0 2300rpm &g warranty
=1 * Power - 1.4 KW :
; * Size - 860 x 400 x 380mm

* Weight - 71kg

Wabeco
CNC Mill «Table - 700 x 180mm
CC-F1410 - Z axis - 280 mm * Speed -

140 to 3000rpm
* Power - 1.4 KW

SOERIAM = e &

A 2
ISWABECO 2

Maschinenbau

¢/ - Size - 950
X 600 x 950mm
* Weight - 122Kg

MORE MACHINES AND ACCESSORIES ON LINE

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

We regularly ship worldwide Y r——

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

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

www.emcomachinetools.co.uk | 7 iceonconschinetools.couk
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il PRO PLIERS!
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Vit

LT30H from the World of
Hobby Engineering

e Bos dnle

New catalogue
from Expo Tools

The new catalogue form expo Tools has arrived, now over 130 pages long its
packed with tools, materials and other items for a wide range of modelling
work. Of particular interest to readers will be things like the excellent selection
of small hand tools as well as paints and adhesives. They stock the full range of
Albion Alloys materials such as small section tube and shimstock.

If you like making working models and mechanisms, then you will find Expo's
range of small motors, gears and other accessories particularly useful. Their
motors with built-in gearboxes are ideal for driving display models when a
supply of steam or compressed air is impractical.

> \LL PRO PLI

o this page a1 one
Price: £5.95 ed

www.expotools.com

Proxxon MICRO mills for the model engineer

Brimarc Tools & Machinery has introduced two MICRO mills to its Proxxon range of model engineering machinery.

The FF 500/BL mill and CNC version both feature a brushless direct drive motor. Both are quiet and vibration-free and operate with a high
level of precision. The MICRO mills have a wide speed range, variable from 200 to 4,000rpm, with a clear 4-digit display. Electronic speed
control and speed sensors guarantee high torque when using large milling cutters at lower speeds.

The milling head can be angled both left and right by 90° either way. The spindle sleeve is lockable and pre-machined should you wish to fit
the optional fine feed. Both models include four
ER20 collets which fit directly in the spindle.

The CNC version features double roller
bearing, re-circulating ball spindles at all
three axes. Each axis has a powerful step
motor (replacing the hand wheels) driving the
compound table and the milling head. The
package includes user-friendly software that
runs under WINDOWS®.

Two freely usable output relays in the
casing of the control unit manage additional
functions. The CAD window automatically
displays when the programme starts. At the
click of a mouse, the programming converts
the finished drawing into instructions for the
machine. Machining can start immediately.
However, manual machining is still possible
with the help of cursor buttons.

The manual Proxxon FF 500/BL MICRO Mill
is priced at £2,296.04 and FF 500/BL-CNC
MICRO Miill costs £4,948.55 (prices include VAT
and were correct at time of going to press).

For more information and to find a Proxxon
retailer, visit brimarc.com/proxxon or call Projomn FF SUC/B, MICRO Mit Frouoon FF S00/BL-CHE MICRO M

03332 406967.

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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Creating compound
curves in the lathe

David ) Graves

The C-style rounding tool

Introduction called solids of revolution, where the goal exist, most of which are really just
The lathe in its normal configuration is generating curve is part of a circle, butthe  simple variations on the theme of rotating
a great tool to create cylindrical, conical, simpler designation should be clear. Most the cutting tool around an axis. Since

and flat surfaces, but sometimes these commonly, creating a complex surface is compound curves add a bit of elegance
shapes are not enough. How do you make accomplished with an add-on tool. Other and are sometimes essential in producing
a compound curve such as afillet (cove), than using a CNC machine, which few of a turned object, | have used them and
bead, roundover, or section of a sphere? us can afford to buy or have the patience find that creating them can be fun as well
Actually, these forms should really be to build, several ways to accomplish the as utilitarian. Our editor, Neil, suggested

. 4 ""_'t.‘ 3 "y 3 -!.d'.‘ -

i

A column base with cove and roundover features Forming a concave surface on a handle
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that readers would appreciate a general
review, even though all the methods to be
discussed are well known.

| use several methods on a regular
basis (as much any amateur activity can
be considered “regular”). Two of these
involve using a jig mounted on the cross
slide or top slide that can swivel about
an axis. The compound or top slide in
theory could be used, but since one
often wants the tip of the cutting tool
very close to the axis of rotation, the
top slide axis is generally not very useful
by itself. Fortunately, add-on devices
are not difficult to build, and some can
be purchased, although the price of a
commercial version can vary considerably
from one design to another. Recently, |
have even seen a commercial variation of
this method with two separate vertical
axes that apparently offers increased
versatility in the type of curves produced,
but | have no experience with such a tool.
Two common variations | will cover are
rotation about the vertical and horizontal
axes. | will also mention a method that
might be called HNC (human numerical
control) that is not nearly as tedious as it
sounds, along with presenting a simple
computer program to generate the x,y
coordinates for HNC. In addition, | will
give some examples of real applications
using each method, including a step-by-
step development of ball handles (with a
spherical section at each end) based on
the work of George H. Thomas in one of his
books (ref. 1).

Rotation Around a Vertical Axis
The first sphere-forming tool | made

was based on a C-shaped support with

an extension that can be clamped in a
standard lathe tool holder, photo 1. This
was at least fifteen years ago, based on

a design discovered on the Internet. |
believe that the design | used was that

of Tuckwood (ref. 2), but | am not sure.
There are so many such designs currently
available that it may have preceded or
followed this one. Inside the major C frame
piece on an axis near the outer edge is a
second C-shaped holder for a cutter (for
large curves) or a straight holder (for small
concave ones). Both concave and convex
cuts can be produced, depending on the
orientation of the tool holder. The actual
cutter was made from 4" drill rod, which

is easy to harden and temper. Commercial
versions of such a device are available and
plans for homemade ones are available on
the Internet. | made mine from 1” aluminum
and used sintered bronze bearings for the
axis rod to ensure that there was no slop
in the rotary movement. Photograph 2
shows a piece that was turned, using such
a tool to produce roundovers and a cove
for a column base. The most difficult part
of using any of these rotational tools is
setting it up properly. The tip of the cutting
tool must be level with the lathe axis, the
distance of the cutting tip from the tool
holder axis must be accurately set, and the
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Compound Curves

1) Create a collar whose thickness and radial
/ increment over inner cylinder are equal

Creating a cove by starting with a collar

2) Shave off excess material incrementally

The handle after polishing

x and y coordinates on the lathe have to be
correct.

The cove cut is more difficult than the
roundover, and a digital readout on the
lathe is particularly useful so that one can
“sneak up” on the correct profile without
undercutting either of the adjoining
surfaces seen in the photo. Since the curved
surfaces are more likely to be aesthetic than
to require dimensional precision, a bit of
additional trimming after an undesirable
undercut normally is not a disaster. Figure
1shows in cross section a suggested way

to cut a cove starting from a cylinder and
base with an intermediate collar that will be
cut off for the cove to eventually appear.
Photograph 3 illustrates a common
use for this tool: creating a comfortable
handle. This one is part of a tapping tool.
Photograph 4 shows the handle after
polishing, and photo 5 illustrates the
completed tapping device with two handles.
The major limitation of this type of
vertical axis tool is that the swinging C and
the handle used to rotate it can foul the
lathe chuck if one is trying to turn more
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A pair of handles on a tapping device

The “up-and-over” tool

Std. 60 degree
dovetail for AX

g’ toolholder
]
/ S
I ]
[Te]
N I~
<
™~
S
} 25 }
8.425 degree

half-angle for

R8 spindle
taper

7

0.948
1.5

Material: hot-drawn steel

drill & tap
1/4" x 40
TPI, 1" deep

1.05" outer
diameter for taper

Note: R8 shaft diameter should be 0.950" rather than 0.948" as shown.
However, mine was not specified diameter. Please measure yours.

All dimensions in inches

than a hemisphere on the end of a short
piece of stock. In fact, it may be impossible
to use for certain jobs, such as ball handles.
My search for the original “C" design
showed that a variation of the vertical axis
tool seems to be more favored recently and
appears quite different. Rather than having
a bearing at each end of the axis of rotation,
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a short stubby cylinder supported at only
at the bottom end is used (fig. 3). The
cutting tool extends only slightly above the
cylinder, creating a lower chance of fouling
the lathe chuck. However, there is another
way to create largely spherical objects:
changing the axis of rotation. This leads us
to the second variation.

Rotation Around a Horizontal
Axis

The first photo of Chapter 8 in Thomas's
book shows a special tool he made to
create ball handles, and it looks very much
like a standard boring head. He called it

an “up and over” tool for obvious reasons.
Making one of these to create ball handles
looked like a lot of work to me. But | had

a cheap boring head that was sitting idle
once | purchased a much better one that
could actually be adjusted accurately to

the desired radius. (This is a warning to
anyone contemplating the purchase of such
a cheap imported head to bore large holes
accurately.) The cheap boring head works
fine as a dedicated sphere cutter, however,
provided that you are content to make
some trial-and-error cuts on scrap pieces to
get the radius exactly right. And if you have
multiple pieces to make, do not be tempted
to touch the radius adjustment until all
have been cut to the desired size.

Since this is a new design that others
might wish to copy, | have provided a
dimensioned drawing of the major item in
my version as fig. 2. My boring head was
supplied on an R8 shaft and the mount
is a standard AXA size dovetail quick-
change type, photo 6. Note that only a
small portion of the taper extends into the
mount. The collar at the other end secures
the R8 shaft in the mount, and a handle is
brazed into the collar. This is simple and
appears to work nicely. However, other
shafts such as Morse taper and other types
of toolholders could be accommodated
with a few changes in design. | did find
that the head tended to unscrew itself
from the shaft because of the back-and-
forth motion during use and | loctited it to
the shaft. Again, you can now find many
plans for this type of tool on the Internet.
(Something | discovered after patting
myself on the back for cleverness.) Note
that the “C" tool and the “up-and-over”

Model Engineers’ Workshop



Compound Curves ”

P ?"‘h

Ball creation and closeup of cutter tip

tool are really complementary. Some
shapes are more easily generated with one
type of tool and some with the other.

Photograph 7 shows the assembled
tool viewed from the rear of the lathe
and doing its work. As with the vertical
rotation tool, alignment is important. The
rotational axis must pass perpendicularly
through the lathe axis. With the tool
rotated toward the tailstock, the tool axis
also should be located exactly one radius
from the end of the ball. (Normally, it can
be set slightly in from the end, so that the
cutter will shave a bit off at the axis of
the stock). Since the ball-cutting radius
is fixed in my method, cuts are taken by
moving the cross slide inward, rocking
the tool back and forth until the sphere
centerline has been reached. You may find
(especially with brass) that on parts of
the cut, the surface can be rather rough
and will require cleaning up with a file and
abrasive paper. Photograph 8 shows a ball
being formed at an intermediate stage.

| have tried various cutter shapes to
give smoother results with brass but so far

without success. A large part of the problem
was that brass can be difficult to machine
with any significant positive rake on a tool.

A negative rake is often specified, though
that might not work in this case without
having the tool rub. Photograph 7 also
shows the shape of my most successful tool
so far. It has a symmetrical beak shape so
that it can cut on both edges as the cutter

is rocked back and forth. | have tried cutting h
in one direction only and withdrawing the G::::O
tool to return for another cut, but this is r

tedious and did not help with smoothness.
However, filing in the lathe after turning the
ball is not very time-consuming. Typically, |
then start polishing with 150 grit abrasive 6

paper and work up to 3000 to give a mirror-

like finish after filing. In the States, the very I

fine grades of abrasive papers can be found

at automotive product suppliers more C:()
easily than the usual industrial suppliers. | Figure 3 - Stages in creating H

don't know if a similar situation exists in the

be plated, they are given a final buffing with r

a rouge-loaded cloth wheel. Photograph

9 shows a ball end at three different stages

United Kingdom. When the handles are to a Ball Handle (Double-Ended)
of surface finish. Remember that plating will >
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Grooving stock prior to turning a ball

accentuate scratches rather than covering
them up.

Two-Ended Ball Handles

| have seen a number of articles (including
Thomas's book) in which the authors have
created ball handles (with balls on each
end) where the first ball was machined
from a piece of stock and the second ball
was threaded or loctited on the other end
of a tapered shaft. This seems somewhat

Full set of handles with one ball end

more time-consuming than the alternative,
which is to machine balls on both ends of a
single piece of stock. Chaddock, in his book
on the Quorn, shows handles machined

on a single piece of stock (ref. 4). Ron
Chernich (ref. 5) gave the actual dimensions
for Quorn cutter and grinder handles, so

| will not repeat them here. However, fig.

3 shows the sequence of steps to do this.
Please forgive the apparently long “stick-
out” from the chuck jaws as is shown. This

x,y=0,0

X =

Coordinate system used
in the numerical method
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figure is meant to be schematic only. Step

1 consists of using a parting tool to create
diameters close to the desired final shaft
dimensions and wide enough to permit the
sphere-forming tool to swing in close to
the axis. In step 2, one end and a significant
part of the stock is reduced to slightly
larger than the small ball diameter. Step 3

is simply forming the first ball. In step 4,
the handle is reversed in the chuck and a
significant portion of the shaft is reduced in
diameter. If the first ball end is smaller than
the cylindrical portion that is gripped in the
chuck, the ball will not be damaged as the
large cylindrical portion is clamped in the
chuck jaws. In step 5, the larger ball end is
formed. Finally, in step 6, the tapered shaft
between the two ball ends is finished.

A crucial part of this last step is to have
two special jigs on hand to hold the ball
ends. At the headstock end, the jig looks
like a top hat with a hole in the top. Two
small slits in the top are made 120 degrees
apart and a third slot wide enough to let
the handle be oriented for facing, drilling
and tapping is made through all parts of
the hat, again at 120 degrees from the
other two slits. Photograph 10 shows two
well-used versions | made for my large and
small ball handles. At the tailstock end, a
conically depressed support (also shown)
is inserted in a live center and snugged
up rather tightly on the handle. Both jigs
should be made of a material that is not
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harder than, and preferably softer than, the
material comprising the handle to prevent
scratching of the balls. | used brass holders
for brass handles, though aluminum would
have been better and probably would have
prevented some minor scratches that had
to be buffed out. Brass would be a good
material to hold steel handles.

There is also another minor bit of work
that | have notillustrated in fig. 3. The large
ball must be faced at an angle, drilled and
tapped for the desired size stud. This is seen
in photos below. | made a set of handles for
my Quorn tool and cutter grinder and liked
the look and utility, so | made a second set
for a pillar tool. For the latter set, | did have
the foresight to record the sequence of
steps in photos. If you look at the following
photo sequence, you will see that it does
not quite match the sequence shown in
fig. 3: 1did the big ends first rather than
the small ones. It does not really matter; in
fact, doing the large end first is probably
preferable because it leaves a large
diameter shaft to grip for a longer time.
After polishing, the handles were sent out
for commercial nickel plating. It may seem
strange for me (a chemical engineer) to do
the mechanical portions and then have the
chemical part done commercially, but | was
not keen on handling the waste products
generated by doing the plating myself.

Here is the photo sequence of handle
production: Photograph 11 shows the
generation of a clearance slot at one end of
the stock. Photograph 12 shows an entire
set of handles with a ball at one end. The
stages of reducing the shaft diameter for
the small ball and cutting the relief slot are
illustrated in photo 13. The product of all
regular turning operations (without jigs) is
shown in photo 14. In photo 15 the setup
for reducing the intermediate diameter
and turning the taper can be seen. After
the reduced cylindrical portion has been
produced, | switched to a parting-off tool
so | could turn the taper close to each
ball end (photo 16). The cutter is rotated
slightly from perpendicular to match the

Mounted in jigs for final forming steps
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Compound Curves ”

desired taper, using the top slide
at the required angle. Most top
slides have a pair of handles
rather than a single one, and
| discovered why as | was first
learning to make these tapers.
When | used only one handle, the taper
exhibited a slight but visible spiral of
bulges and hollows along its length
(after plating!) due to pressure |
inadvertently exerted normal to the
axis of the top slide movement. |
now grasp both handles to advance
the top slide without side pressure.
A set of steps that | have not

-—_-"—_‘—

Two stages of prep for second ball end

Both ball ends complete

discussed before is producing a flat on
the large ball end and drilling and tapping
it for the 1/4" x 20 TPI threaded rod that
compresses cotters in the handles’ final
role. I was fortunate that my lathe chuck
was large enough so that the handles
could be rotated far enough back to create
the desired angle, as shown in photo 17.
Finally, the handles were tapped, as shown
in photo 18. For completeness, the set of
handles after return from the electroless
plating firm is illustrated in photo 19. After
a number of years of use, | have not had any
problems with the plating rubbing off.

The "HNC" Method

My human numerical control method
is quite simple and does not involve any
special jigs or hardware. It is best done,
however, on a lathe with digital readouts
both on the lathe axis and the cross slide.
Most such readouts permit presetting
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digital values, which is especially useful in
this application. And, the method is best
suited to simple and large-radius curves.
The operator has a table of x, y values in
front of him and simply adjusts the lathe
hand wheels for each subsequent data
pair in the table. Although this sounds
tedious, | have found it much easier than,
say, scribing many index lines on a dial.

It does make a small difference whether
one changes x and then y or vice-versa,
so whatever order is chosen should be
maintained throughout the process. | do
not use this method often, but if a tablet or
laptop computer is handy, it can be useful
to provide the table of values. Of course,
the stepped curves must be cleaned up
with a file and abrasive paper after the
initial shaping.

Suppose that one wishes to create a
semi-spherical cap on the end of a rod in
the lathe chuck, starting at the outside
diameter and working toward the center.
After a few x, y pairs, it is clear that a long x
pass should be taken toward the tailstock
to remove excess metal. Then, after
returning to the previous x position, the
next coordinate pair cut can be taken.

Figure 4 shows the geometry behind
such a procedure. | have chosen to measure
in a coordinate system where 0,0 is on the
axis at the end of the cap and x is positive
toward the headstock (backwards from the
normal direction). The simple formula
a2+y2=R2
is used to find x and y pairs, where
x=R-a.

Avery simple program in Basic providing
data pairs is shown in fig. 5. The example
shown is for a rod radius of 0.5 inch and
a spherical radius of curvature of 0.9",
However, the starting radius is 0.495"
rather than 0.500" to be sure that at least
a skim cut can be taken from the rod at
the beginning. The formatting commands
in Basic round off all x and y values to
four significant figures for convenience. In
metric, three significant figures would be
sufficient. Everything else should be pretty
self-explanatory and easy to follow. | chose
an advance of 0.003" per stepiny as a
reasonable value, but this can be changed
as desired. Table 1 gives a few lines of

Setup to flatten one side of ball

54 www.model-engineer.co.uk

Ready for shaft tapering

| This program calculates x and y coordinates to turn some portion

| of a spherical surface on the lathe. The example assumes a one inch
| diameter rod and that the desired rod end has a 0.9 inch radius

| partial spherical cap onit. The final x,y coordinates along the

| lathe axis will be 0,0. The starting value of y is 0.495 inch

| rather than 0.500 inch to make sure that at least a skim cut is taken
| from the rod. Place cutting tool at least 0.150 inch from end of rod

I and set digital readout to 0.1484, 0.495 after the skim cut.

!

PRINT " x y"
FORy=0.495 TO 0.000 STEP -0.003
a =SQR(0.9*0.9 - y*2)
x=09-a
PRINT USING "#.8###"; x;
PRINT USING " #.####"; y
NEXT
END
Basic program to generate sphere data
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he handles after plating

output with many intermediate data pairs
omitted. You can use your judgement
about whether one or more pairs can be
skipped when cranking the hand wheels.
Obviously the x value would be fixed at
zero and y moved to its zero for the last
ten or so data pairs.

Photograph 20 shows a knob with its
end curvature created by this method. | did
not remember the obvious scratches that
are visible in this photo and am rather
embarrassed to show an example that
includes them. This was done quite a few
years ago and | suppose | only noticed
them after spending a considerable
amount of time getting a good polish
on the surface. And apparently | was too
lazy to go back and eliminate them. | may
just have to put the knob back in the
lathe now and eliminate the scratches to
ease my conscience. The moral is to be
careful during the early stages of rough
filing so that all of the staircase cuts have
been smoothed out before moving on
to the finer abrasive papers. A magnifier
or hand microscope would be useful
to ensure that no obvious defects like
these are present at each stage of the
smoothing process. An astronomy buff
who has ground and polished a mirror will
recognize the analogy.

Conclusion

If you have never tried such decorative
but useful compound cuts in a project, |
encourage you to experiment with one,
using any of the methods discussed here.
They are not difficult to produce and are
actually fun as a change of pace from the
usual demands of precision rather than
artistry.
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Rounded end produced by "HNC”

Compound Curves

x y
0.1484 0.4950
0.1464 0.4920
0.1444 0.4890
0.1425 0.4860
0.1406 0.4830
0.1387 0.4800
0.1368 0.4770
0.1349 0.4740
0.1331 0.4710
0.1313 0.4680

[many lines omitted]

0.0022 0.0630
0.0020 0.0600
0.0018 0.0570
0.0016 0.0540
0.0014 0.0510
0.0013 0.0480
0.0011 0.0450
0.0010 0.0420
0.0008 0.0390
0.0007 0.0360
0.0006 0.0330
0.0005 0.0300
0.0004 0.0270
0.0003 0.0240
0.0002 0.0210
0.0002 0.0180
0.0001 0.0150
0.0001 0.0120
0.0000 0.0090
0.0000 0.0060
0.0000 0.0030
0.0000 0.0000

Sample data produced by the program
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Machines and Tools Offered

B Myford metric change gear set by
SOBA, complete with banjo plate and
studs, unused still in the box. Myford
vertical slide and fixed steady, job lot
£150, buyer to collect please.

T. 01723 267926. Filey, N. Yorks

B SEIG X2P mill spindle, R8 taper, brand
new never used, £16 plus p&p.
T. 01536 482916. Northampton.

M Cowells B-100 vertical milling
machine, excellent condition, as new.
Variable speed. Plus box Clarke 20pc
end mills, £1,250 ono. Also ARC EMG-12
End Mill Resharpening Module, hardly
used excellent condition, £450, ono.
Bereavement sale.

T. 01252 615241. Fleet.

W Meddings drilling machine. 3000 to
12000 RPM . | have owned this machine
for some 10 years, there is no wear and
itis totally reliable. Spare bulbs are
included as are the alternative pulleys
for speed changes. Drill capacity O to
1/8". The machine is heavy but easily
transported by car from its home in
Taunton. Only reason for sale is my old
age. Price is £100. No offers.

T. 01823 443271. Taunton..

W Axminster 5x5 mill drill on base as new
complete with standard tooling, £1,620.
Kennedy power hacksaw on stand, £95.
T. 01765 620452. Harrogate.

W Small Norton flypress on stand with
large quantity of tooling, £100. Kennedy
hacksaw, £100. Floor standing foot
treadle wheel (300mm) and
matching bench countershaft
(150mm), £25.

T.01609 881584.

Northallerton, N. Yorks.

B Warco WM180 lathe. Usual
accessories plus vertical slide
with vice, all in fitted box. Also
tool box with spanners etc.
hardly used for good reason.
On solid cupboard if required.
£400.

T. 01280 704072. Brackley,
Northants.
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DARTON S NEW AUTOMO’BILISTS’ TOOL-
~ BAG VOLTMETER,

126

leto, fitted with oursz.tent Shunt
showing exact working
capacity of Cell 1 6/ -

To be obtained of all Op'icians,
Electricians, or Optic Makers.

F. DARTON & CO,

142 St, John Street, -
LONDON, E.C.

1 New Illvstrated List of Motors,”
Dynamos, and other Electric Novelties free on application.

W Moore & Wright 0-1" micrometer, £100 ONO. Collect from South Wales.

in case, new, £28. Mitutoyo 0-1" T. 01495 352625. Ebbw Vale.

micrometer, hardly used, carbide face,

£20. Mitutoyo 0-25mm micrometer, Models

hardly used. Carbide face, £20. Draper B Springboik 5” gauge B1, assembled

25-50mm micrometer, new in box, frames with horns and axles, buffer and

unused., £25. drag beams. Other parts including laser-

T. 02086 414238. Sutton, Surrey. cut coupling and connecting rods, plus
other motion components. Two sets of

B Wabeco D200OE lathe, cylinder four drawings. Worth over £700, will take

guided, v. good condition, 15 years old, £200. Phone for details.

metric, change wheels, 3 jaw, stay, tool T. 01654 883300. Chipping Sodbury.

holder, MT2 centre, manual, little used

machine, £800 ONO. Buyer to collect B Swindon built 5" gauge Maid of Kent

please. T. 01778 424545. Bourne, Lincs.  copper boiler, Belpair firebox, sensible
offers please. T. 01522 794884. Lincoln.

B SIEG Super Mill, suitable for spares,

easy repair, overall good condition. Speed ~ Parts and Materials

controller faulty, some play in gears, Sinclair C5 electric motors, unused.

2No. @ £25 each (ONO), buyer

collects, cash only. T. 01522

Hmmmnunnmunu,—_.m'mﬂlu T 794884. Lincoln.

Magazines, Books and Plans
M Full set of Model Engineers’
Workshop, 19 volumes in blue
binders, £150.

T. 01493 668358. Great
Yarmouth.

Wanted

B Wanted - more time in my
workshop and less at this
blooming computer - The
Editor.
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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
|e Tonkinois varnish.

www.flexidiscsander.co.uk
Tel: 01628 548840

Le Ton k i n ai 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
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» 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!
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*only available with digital or print + digital subscriptions




A Tale of
Two Screens

Bob Reeve recounts a story of CAD design with useful tips along the way.

nother year was rolling to a close and -
AI got to thinking about what I had
achieved in the workshop this year
and, just as importantly, what | had not. The
starting point for one significant activity
appeared not to be in the workshop where
it was still wintery, but a design on the CAD
system in my office, fig. 1, where it was
warmer. What it was intended to be seems
unimportant as it was never made. What it
turned out to be was an exercise in compact
mechanisms and weather protection. It also
proved to be a catalyst for significant change.
There are several sets of gears four ball-
bearings, some plain bearings, O-ring seals
and so on. Allin all, it was getting a bit
crowded inside. As can be seen, the main
casing is rendered transparent to enable
conflicts and interferences to be visible
just as if the body had been moulded in
a transparent Acrylic or glass. This is a

definite advantage of working with a CAD Where it all started.

TurboCAD

3D Training Guide

User Guide

TurboCAD .

2D Training Guide

TurboCAD

Learning aids.
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system that allows 3-D visualisation, as

is the ability to render materials in totally
unrealistic bright colours to distinguish, for
example, the power input shaft (red) from
the lay shaft (green).

There are those that consider colour
rendered CAD models an unnecessary
complication, but for the non-engineer the
opposite may be true. Trained engineers
learn how to interpret the standard
orthographic projections early in their
careers but non-engineers do not. By way
of a, very unscientific, test | showed the
standard plan view line drawing of fig.. 1
to a physicist friend of mine and asked for
his interpretation. He had always worked
in engineering and already had some
background knowledge of the subject. He
was therefore able to make a pretty good
attempt at a description. He did however
miss-interpret some items like the ratchet
wheel he thought was a gear. The same view
as a colour rendered image allowed him to
see the error immediately without comment
from me. By then it was my round, and the
conversation moved on to other things

My weapon of choice for this activity
was TurboCad and at the time | was using
Version 20, but there was a snag. As the
CAD model got more complex the time
taken to render it increased considerably.
It got to the point where high quality
rendering of the wire frame model was
taking just under a minute. This is close
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to unusable because the slightest change
to the model usually results in it being
re-rendered, necessitating the use of wire
frame models for most of the work. The
type of model | was rendering is particularly
demanding on the rendering software,
partly because of the complexity, but also
because the transparent components are
more complex problems for the ray-tracing
techniques etc. employed. The software
has to compute the reflective and refractive
effects of the transparent material in
addition to its normal workload.

Was the poor performance due to the
computer, or the software, or me or some
combination of all of them? | e-mailed the
TurboCad file to my long-time friend Pete
who, fortunately, was running the same
version of TurboCad, but on a more recent
computer. His times for rendering were
much shorter than mine; about half.

So my trusty Dell Dimension 9200 was
getting too long in the tooth, as was its
operating system, Windows Vista, which
those nice people at Microsoft had long since
left behind. Some research was required into
replacements both for the operating system
and the computer. But, just to make life
interesting, the latest version of TurboCad,
TurboCad 2015, was now available. Should |
also upgrade that as well?

I should point out that | don't upgrade
software every time an update is
available; I'm still running Windows 98
on one machine! | find frequent upgrades
unnecessary for the type of work | do.

But, on the other hand, by the time the
software is around 5 years out of date
issues of capability and compatibility start
to arise as well as lack of support. Better
rendering was promised by TurboCad 2015
but | had already been warned by the earlier
TurboCad V20 that my graphics card was
not up to scratch so it was beginning to
look like a completely new set up.

For those who have yet to get to grips
with CAD, | should point out that most
newcomers find it less than easy. There are a
lot of commands to get to grips with, some
of which have unfamiliar names and some
of the terms mean something different to
when they are applied to a drawing board.
for example, | was introduced to splines in
my teens when | dismantled my motorcycle
gearbox and it was explained to me that the
splines allowed the gears to slide about on
the shaft. Years later | found that CAD splines
were curved lines. It appears that the spline
in this context had its origins on the shipyard
draughting boards where the draughtsman
would use a thin strip of wood, known as
a spline, which could be flexed to give the
graceful curves of the next ocean liner. Thin
strips flexed more than thicker ones and
therefore gave the sharper curves. Any of
the splines had the ability to generate curves
that were not uniform e.g. curved more at
one end than the other. Most importantly
they are all smooth curves.

CAD, in the early years, had no equivalent,
but desperately needed a means of dealing
with not only ships hulls, but aeroplane
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Working area on a CAD screen.

wings and more importantly, in terms of

the CAD market, motor car bodies. The first
solution came from Pierre Bezier working at
a Renault car factory in france. He applied an
old and relatively simple bit of mathematics
to computer graphics to be followed by the
Non-Uniform Rational B-Spline used today.
Which is how CAD went from curves to
NURBS.

2-D drafting is closer to what happens
on a drawing board and is usually where
newcomers are recommended to start with
a simple component. A flat plate with a
sprinkling of holes was where | started. 3-D
CAD is by far the more demanding, both
of man and machine. fig. 1shows not only
a rendered 3-D model, but a model which
is also an assembly. This further increases
the level of difficulty since assembling in
3-D requires a certain amount of ability in

the area of spatial awareness, but that, like
many other skills, can be improved with
training and practice.

Somewhere in the 1980’s | became
responsible for a CAD Training facility and,
as a result, my recommendation would be
that beginners should undertake some
form of structured training. This does
not necessarily mean attending a course,
| used the TurboCad training packages,
usual disclaimer, which are in the form
of exercises which become progressively
more difficult, photo 1. If you are like me,
you will also need the reference manual/
user guide. Alternatively, there are training
videos conveniently available on a memory
stick or CD. | have found these useful for
other software packages, but have yet to
try the TurboCad version. There is always
the temptation to say “I'll have a fiddle with

Multiple screens in use.
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Wireframe of the original design.

it and see how | get on”. Unfortunately,
progress will not be as good as with a
structured training approach. The optimum
training period for 2D-CAD training in
industry used to be 1week full time,
followed by a period to put it into practice.
Then further training over the next year
to deal with specific topics and problems.
The un-tutored might be expected to
learn more slowly but eventually catch up.
Industry figures show this is not so; they
will probably never catch up. One basic
problem being that it is not easy to ask the
right questions about things about which
you have no knowledge. Another problem is
that, if push comes to shove, you will always
use the method you used before, even
though it may not be the best approach. This
usually results in a number of the available
commands never being used, though they
would have been better than the ones
that were used. The CAD trainers of the
day used to say the most difficult trainees
were the ones that were self-taught but
had not undertaken a structured training
programme. If it helps, think of a CAD
training session as the equivalent of time
spent with the Professional at the golf club!
At this stage | realised that there was
something missing from my appraisal. |
had omitted to appraise the monitor. It
didn't take me long to realise this was yet
another issue that needed more than a
casual evaluation. Monitors have improved
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enormously since the days when they were
CRT based. The flat screen LED versions
offer good resolution, good colour rendition
and are considerably larger and brighter
without needing to notify the local sub-
station that it is about to be switched on.
But | do miss the reassuring thump as the
CRT de-Gaussing circuit kicked in.

For those yet to delve into CAD | should
explain that the monitor is the equivalent of
the old drawing board and, as with drawing
boards, generally bigger is better. The
added complication with CAD is that, unlike
drawing boards, the commands and other
information usually take up a significant
part of the area available as in fig. 2.

But new, CAD size, LED monitors with an
aspect ratio of 4:3 like my old one, now cost
the sort of money that my nephews buy,
old but roadworthy, cars for! Monitors with
aspect ratios of 16:9 are cheaper because
that is where the television market has
gone and the volume has bought the price
down. The best aspect ratio depends on
the job in hand. The square(ish, screen of
the 4:3 aspect ratio | find more useful for
components, but not so useful for long
things like fig.1 or perhaps an A4 Pacific
railway locomotive.

The CAD training facility | mentioned
earlier was equipped with monochrome 32
bit Sun workstations, costing megabucks,
and 8 bit IBM AT's that were more affordable
and could run two monitors. Which meant
all the geometry could be on one screen and
all the commands could be on another. That
sounded like a more flexible arrangement.
More research was needed.

My first port of call was to contact Paul
Tracy, aka Paul the CAD, ref. 1, who had
been supplying me with TurboCad upgrades
every couple of years or so from V12, Usual
disclaimer. | asked if TurboCad 2015 was
capable of running in twin screen mode and

if so, how could | do it? After some research
of his own, Paul came back to say yes it could
and it was just a question of plugging the
screens in and telling the computer which
was to be screen one.

The next question was about the
specification | would need for the computer
that was to run it. That was more difficult
and the answer was in several parts. The
processor needed to be fast enough, the
random access memory, RAM, needed to
be large enough and most importantly the
graphics processor need to be capable of
doing the job. The minimum specification
is on the TurboCad website to which
Paul provided a link, ref. 2. However, the
information is vague "A newer generation
CPU", “A supported graphic processing unit”
and upwards of 4 GB RAM with a caveat that
“Newer boards with more power and VRAM
generally provide greater performance”. The
easiest approach seemed to be to look at
the offering from the computer suppliers/
manufacturers a select from the ones
labelled CAD Workstations or something
similar. The price tag initiated a nasty pain
near my wallet!

The next approach was more of a bespoke
solution; choose the key elements and put
them in a suitable case or have the supplier
do it for you. Aficionados of computer
games do this to get the performance they
need where milliseconds count. | suspected
that CAD was not quite as demanding
but subsequently that turned out to be
incorrect. Professional CAD packages like
Solid Works costing around £5000 might
have to deal with models as complex as a
complete motor car which would need to be
dynamically rotated and rendered. | was told
the graphics processor could cost about half
the price of the software.

| don't claim to be a computer buff and the
bespoke approach was a little daunting, not
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Queen of the Miceni?

least because of the proliferation of technical
detail; but it was worth investigating. first
up was the processor; the clock speed and
the ability to parallel process seemed key
and the quad core Intel 17-4790 appeared
the best choice. Next up was the memory,
which Paul had indicated needed to be

more than 4 GB with an eye on the access
time. The really tricky bit was the graphics
processor, sometimes called the graphics
accelerator card. Paul supplied me with a link
to a website where suitable graphics cards
were listed by the software house doing the
rendering software, ref. 3. The problem was
that it was a very long list, 300 pages, and
the only way of using it was to go through
the offerings from computer vendors and
check the specifications in the small print for
each one against the list.

By now it was April and time for my annual
pilgrimage to Harrogate for the Model
Engineering Exhibition. | was able to meet
up with Paul, purchase TurboCad 2015, thank
him for his help so far and whinge about the
difficulty of identifying a suitable computer.

Just when this was beginning to look
like along job, I had a stroke of luckin
the form of an e-mail from friend Pete
to the effect that there was a computer
with about the right specification being
offered at a competitive price from Aria
computers, ref. 4, who were new to me,
Usual disclaimer again. It was their top of
the range “Gladiator” business computer
with an 17 processor running at 3.6 GHz,
8GB of memory and most importantly a
HD460 graphics processor which was on the
approved list, ref. 3. Since it was described
as a machine intended for business use, a
phone call was necessary to confirm that it
would do what | wanted. Their helpline was
extremely helpful and very thorough before
agreeing that from the specifications it
would do the job. The only caveat being that,
although they knew of it, they had never run
TurboCad themselves. However, there was a
plan B if needed - the most likely source of
problems was the graphics processor which
could be upgraded if necessary.

Before | could order | needed to decide
on an operating system. At the time
Windows 8 was just replacing Windows
7 and Windows 10 was just coming over
the horizon. Windows 7 got my vote as
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the one that had been de-bugged more
than the others. So the machine was duly
ordered with Windows 7 as the operating
system, but without a monitor. | wasn't that
confident yet!

The machine arrived promptly, was
plugged into my old monitor and fired
up immediately. There was then a short
intermission while the machine loaded
and installed over 1000 updates! It would
seem that the debugging had been just
as extensive as | expected. TurboCad 2015
was installed in 64-bit mode and to my
immense relief it all worked. However, the
ability to achieve a “Quality Rendered”
model was missing. An e-mail to Paul
revealed that this element of the software
was now offered as a plug-in at no
additional cost and there was a choice of
Light Works or RedSDK; which did | want?

I had no way of choosing and neither did
Paul so we installed both. I'm still evaluating
them, but more of that later.

So now the final decision, one screen or
two? At this stage, it was in for a penny, in
for a pound! Dell Ultrasharp monitors had
received good reviews and had the sort
of resolution needed for CAD. | found that
there was a 24" version, Type U2415, with
especially thin edges suitable for twin screen
operation. By chance Aria computers were
doing a special offer so they got the order.
Curiously, the second monitor cost me
more than the first. But only by £5 or so.
Something to do with loss leaders | was told.

When the monitors arrived, there was

a problem with the leads to the computer.
Two different leads were required to
match the two different output sockets
of the graphics accelerator. A phone call
to Aria soon sorted that, and a new lead
arrived at no extra cost a day later. To my
surprise the two monitors configured
themselves exactly as they should, with no
intervention from me and they behaved
not as two separate screens but as one big
one. | should have expected the latter, Paul
having warned me this was likely. So items
could be dragged from one screen to the
other or expanded to cover both screens.
I am still exploring the possibilities but the
installation started to look like the bridge of
Starship Enterprise, photo 2.

Note that there are three screens in
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use and the two new Ultrasharp monitors
are brighter than the older one. The top
screen is still driven by my old Dell and is
displaying the output from my weather
station, but is equally useful in handling
e-mails and photographs. But for panoramic
photographs, the twin screen setup takes
some beating.

It was by now August and the height of
summer, with the grass and hedges growing
furiously. | was looking for something that
might be a suitable challenge for the new
system. | found it in the garden shed when
I went for the extension lead to run the
electric hedge cutters.

The extension lead in question was a bit
out of the ordinary for two reasons; firstly
its length of 100ft and secondly it comprises
a cable drum with a vertical axis mounted
on a two wheeled trolley so designed that it
will work with the drum axis either vertical
or horizontal. There was no indication of
the maker, but | think it was originally an
industrial design. | inherited it when the
contractors that were using it disappeared
without trace. It gathered dust while | waited
for the contractor or their successors to
reappear, but they never did. Eventually
| tried it out and discovered why they
had not bothered to reclaim it. It had two
fundamental faults. firstly, with the handle
and drum axis vertical, it would fall over at
the slightest provocation and secondly, the
reel would unwind more cable than required
resulting in it tangling round the lower part
of the trolley rendering the whole thing
unusable until it was untangled.

So, a revised design was needed with
improved stability and a means of stopping
the cable slipping off the drum. This was to
be undertaken as a CAD design exercise to
be built only if a successful design appeared
to be possible. The first stage was to create
the CAD model of the existing design then
tackle the lack of stability. The wireframe
model is shown in fig. 3, which also shows
the cause of the problem. The tripod base is
just too small and the centre of gravity is too
close to the edge of the support area.

Three legs were increased to four and the
legs extended as far forward as possible
without protruding excessively outside the
existing envelope. Construction was to be in
12" dia. Steel tube with welded joints where
necessary. The attachment point was the
existing tripod leg, suitably shortened fig. 4.

Next was the problem of the cable
spilling off the drum. further analysis
suggested there were actually two
problems; one to control how the cable
unwound from the drum and the other, to
control the cable remaining on the drum in
the event of over-run.

The solution to the problem of the cable
leaving the drum was solved long ago and
is the roller fairlead that can be seen on the
tender of many traction engines. Essentially
this is a frame with guide rollers all round.
The traction engine designs are usually
rectangular as on the Marshall in photo 3
where it can be seen in the centre of the
coiled water lifter hose.

To be continued
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Scribe aline

YOUR CHANCE TO TALK TO US!

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

Tool Height Gauge

Dear Neil, | have just made the Tool
Height Gauge (MEW 254, p. 14).
Itis a really nice idea, because it
materialises directly the headstock
axis, and does not depend on the
lathe bed (that is in my case partly
V-shaped) or another surface.

I have reduced the diameter on the
left to 16 mm, thus | can also mount
the gauge into my ER 25 collet. | have
tapered the other end (with the first
flat) to ease the positioning of the tool
close to the axis of the headstock,
for the best precision. | replaced the
second flat (for the engineer’s square)
by a vertical slide, that simply rests on
any horizontal surface e.g. from the
cross slide. It is really precise (my lathe
is a Wabeco D6000):

I would further like to thank M.
Harold Hall for all his books that helped me so much and for his “advanced grinder rest”, obviously. Because | am a beginner, the word
“advanced” intimidated me, but to my great surprise, thanks to the clear explanations, | was able to make the tool and to use it! From HSS
tool bits, | made an “outside diameter finishing tool” and a “face finishing tool”, among many others. | was also surprised by the precision of
the angles obtained. However, | was less good in honing the tools because the swarf produced is not really “grinding dust like" as shown in
the first book (ha ha), but | obtain good resuilts.

Bernard Zaegel, Leidschendam (Netherlands)

Laser Blazer

Dear Neil, my eye was caught by the article in Issue 253 MEW by Alan Wood. | have also made a similar device but using two lasers. | don't quite
see how a single laser can provide a centre position? Alan’s fig, 1is how I've done mine and uses the old “Dambusters” exact height method. My
two lasers intersect at a depth of 80mm below the bottom of the mill collet locking ring - so | just roughly align the compound table and object to
be milled below the (at this stage) non-intersecting laser beams and then lower the mill head until the lasers intersect - then final compound table
adjustment to place the intersecting laser beams exactly over the centre position.

Alan'’s single laser beam at an angle will vary its impact position at the surface depending on the height above the surface. | do note that Alan’s is
rotating and therefore can create a laser light cone which will converge to a point with height - but | don't think | like the idea of extra unbalanced
weight being thrown around. Mine is non-rotating attached to the bottom of the mill head and runs off a switched 5V 1A DC mains power supply.

I've recently gained a 3D printer and am still converting my CNC engraver to use a burning laser. I'm also building and modifying quadcopter
drones for use in environmental boundary layer studies - i.e. what | used to do as a job with high towers and masts I'm trying to incorporate into
autonomous GPS controlled quadcopters. Instrument weight is my main problem.

Colin R. Lloyd, Wallingford

A Place for 3D

Dear Neil, | read your review of the Dremel printer in MEW 251 with
much interest. | have had a 3D printer for some time which | find to
be an invaluable tool in my workshop. There is, as usual, an amount
of misunderstanding amongst modellers of all types about this
new technology, as there always has been from the availability of
chemically etched parts to CNC machining in the home workshop.
This ranges from ‘Its cheating’ to ‘it can do everything' all this
technology does is allow us to do more in the workshop and frankly
have a bit more fun. As with everything there is limitation, and part
of partaking in this hobby is working out how you can do
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something with the tools and skills you have, after all isn't that the
real challenge?

I shall be looking forward with great interest to see how you go
with your tank project, | have hankering to build a Mark V male tank,
and, as you mentioned, the tracks are a big issue. My own solution,
which, due to my workshop not being in service yet, | have not had
chance to try, is too print the chain and then vac form the plates and
glue them in position.

Stacey Baker, Western Australia.
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Readers’ Letters ”

Life's A Gas

Dear Neil, I read in the latest edition of MEW the very comprehensive article by David Banham on silver soldering. Clearly David has carried
out a lot of research on heating methods and systems. Just for completeness may | offer 3 additions. David may have considered these items
inappropriate so | leave it to your good judgement as to whether you consider them worthy of publication.

1. Oxygen can be purchased 2. Oxygen can be produced 3. For small quantities of gas but where a high temperature is
in non-rentable, refillable by an oxygen generator. A needed, such as working with platinum then jewellers use an
cylinders. The cylinders are version of these units is often oxy-hydrogen mix. This is obtained by electrolysis the raw
available from distributors used by people who need material being water (distilled is best). A consumable component
around the UK. The cylinders oxygen for medical reasons. A being Methyl Ethyl Ketone (MEK) which is used as a drying
are smaller than the smallest commercial version is used in agent. The torch however is specific to the generator and
BOC cylinders. The companies the jewellery world and when produces a very small flame.(2553,2554,2555,2556,2558)
also offer acetylene and some used with propane the output
inert welding gases. Check both can comfortably feed the
Adams Gas and Hobbyweld. Smith Little Torch. Jeff Gearing. By email

Life, Love and LAL

Dear Neil, | did have a chuckle when | saw the Tap on my Shoulder piece.

With regards LAL it does indeed stand for Lehmann Archer and Lane Hampshire Works Fairlop. My Mother and Father both met there.
My mother Marion Bock joined the company in 1957 straight from school aged 15 as a junior office clerk and did various jobs such as taking
orders book keeping and answering the phone etc. My Dad Brian Brown also worked there as an apprentice doing milling, turning, thread
rolling and grinding. He told me that they also opened a factory in Newton Aycliffe where they made the larger stuff.

Two things off interest which they developed were the blue wizard tap which had a spiral point to move the swarf forwards out of a
through hole and a fluteless tap which could swage threads in blind holes without creating any swarf.

The company joined with Nuckey and Scott to form BTD British Tap and Die and then went into making twist drills by purchasing Intal or
International Twist Drills. The company was run by Mr H E Lane and then when he retired by his son John Lane. My mother went back to the
factory in 1969 with my older brother and sister in tow just before | was born to visit her colleagues so it was still operational then.

As for the workers having dropped off the perch now, fear not Mum and Dad are still with us when | last checked! Now in their 70s Dad still
has a catalogue detailing all the products that he helped produce and he has passed on to me a huge collection of wooden boxed sets much
bigger than the one shown covering every size imaginable and even a few that are not.

As for me | am slowly plodding through a Don Young Black 5 having picked up the engineering bug.

Rich Brown, by email.

Parting with Pleasure

Dear Neil, Over the years there have been many interesting articles and letters in
both ME and MEW on how to overcome the problems of parting off in the lathe.
The most memorable being a reader’s description of the sound of a parting tool
in a large lathe digging in under great power and fracturing - “UNK..."

Having for a long time bought surplus blades and mounting them inverted
in a home made holder on the back of the cross slide | have been reasonably
successful but not as good as that of the American gentleman subscriber who ran
an article on the design and use of a new parting tool for several issues on the
run.

When | inspected the catalogue picture of a well known tool supplier |
recognised some of that gent’s recommendations apparently so | shelled out
and bought the holder Arc SLBTN 08 02 and the blade Arc NCIH 19-2, made my
own holder for the assembly and very much enjoyed parting tough metals at the
maximum power of the motor. | thought you might like to see an action picture.

Peter Peters, by email
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Revisiting Lawrence |

Sparey’'s Myford
Mandrel Lock Spanner

George Winspur revisits a tool that could save you broken teeth on your bull wheel!

The Sparey Spanner

he problem of stuck lathe chucks was
I raised in a recent thread on the MEW
website and reminded me of a simple
and effective cure described in Lawrence H
Sparey’'s Myford ML7 manual, A Man and
his Lathe.

The device concerned, photo 1, is
essentially a spanner one end of which is
temporarily secured to the mandrel by a
pin locating in a hole in the bullwheel. In
the case of the ML7, of which | have no
experience, it may be necessary to drill
this hole but the Super Seven bullwheel
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is already provided with suitable 3/8"
diameter holes. In use, the other end
of the spanner rests on the lip of the
headstock casting (with a scrap of soft
metal underneath to spread the load) and
torque is applied to the chuck via a lever
gripped in the jaws, photo 2.

The spanner is easily made from 1/8"
steel by sawing, filing and drilling to
the dimensions and approximate shape
shown in fig. 1, only the large radius and
hole being at all critical. The dimensions
are taken from my own version for the

Super Seven and it would be sensible to
make a card template from the target
lathe before cutting metal.

A post to the thread pointed out that
the Myford bullwheel is secured to the
spindle by a key which necessarily accepts
the forces involved in using the tool and
it might be as well to make the 3/8" pin
of brass or aluminium so that the pin will
yield before the key. In any event, the tool
would only be used if normal methods fail.

The photos show, respectively, the
spanner with loose pin and the tool

Model Engineers’ Workshop



The spanner in use.

installed on the lat

Proper lubrication and cleaning of the
lathe mandrel nose and chuck should
minimise the occurrence of stuck chucks.
It is some years since | have been troubled

he.

in this way and | don't now remember

whether | made the spanner before

or after it happened to me. | can say,

however, that it solved the problem
at the time and | gave thanks to the

Mandrel Lock Spanner ”

.
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memory of a great Man!

LHS died in 1986 but his main work,
The Amateur’s Lathe, is still in print and
receiving enthusiastic reviews. m

r0.1875

r0.6562
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Silver Soldering ”

Silver Soldering - A
Comprehensive Guide

David Banham gives a wide-ranging overview of this important technique for

metal joining - Part 2

he basic platform is a square thin-
I walled steel tube welded together,
with the frame covered by a sheet
steel top attached via a few short welds.
Dimensions are 27 by 14" and the legs
are 5”. The whole thing was constructed
in a couple of hours. This has several
advantages, fire bricks, or a jeweller’s
soldering pad (or both) can be placed on the
flat surface.

One idea, not currently done on my
hearth is to incorporate a detachable steel
sheet back, about 12 inches high.

The steel sheet top allows magnets with
pillars attached, to be placed to support
work. A few 3/8"” UNC nuts are welded to
the underside of sheet steel top, with holes
through the top, and are used as support
pillars. The whole thing can be stowed out
of the way when not in use.

If you will use your hearth as a place for
soft soldering as well, then get a sheet
of metal to place over the refractory
components when soft soldering. Soft
solder does not get on well with silver
soldering or brazing. The sheet will collect
the solder splats and beads of solder which
get created during the soft soldering
process. Soft solder will ruin a silver
soldered or brazed joint if it gets close.

A hearth makes a good place for hardening
and tempering activities. Hardening and
tempering is an important activity when
manufacturing shop-made cutters.

The heat generated by a large torch is
enormous, and the fumes from its use are
significant. If the hearth is inside a building,
it may require a hood with an exhaust fan,
plus adequate space for all the equipment
and fuel tanks, and additional fire and
heat protection. Alternatively, in moderate
climates, consider having an outside hearth
for large operations.

My workshop is very small, but has an
adjacent crawl space about 4 feet high with
a concrete floor and door to the workshop. |
store much equipment on wheeled benches
in the crawl space, one of which is dedicated
to soldering and brazing. In the basement
workshop | open the window, and start an
extractor fan, to ensure good ventilation.
Large or lengthy soldering is conducted
outside in the garage with the door open.
The portable tubular hearth, described
above, can be moved to the workbench,
outside or to the garage, in about 5 minutes.
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Butt Joint - Not Recommended

You can buy or make a hearth which
has more features, but this either takes
more money, or much time, and may not
be a valuable asset unless you spend a
considerable amount of time soldering and
brazing.

Bear in mind when you design your
space, you need space for:
® A hearth and movement around it
® Space for your fuel cylinder(s)

Solders and Flux

® Space for your pickle container and lid

® Space for your tools, which must be
handy

® Space for your supplies

Refractory and Insulation
Refractory bricks are the cheapest form of
insulating material, but their disadvantage
is the absorb a lot of heat, instead of reflect
the heat. Refractory bricks are available in

a half thickness (9 x 4.5 x 1.25") compared
to a full refractory brick used for most
industrial work, and these are adequate for
most model engineering purposes. A couple
of full sized bricks may also be useful.

The easiest way to buy themis to find a
company that specializes in fireplaces, and
chimney repair, as they usually have a stock
at their premises, and they are often quite
willing to sell a few bricks, if you explain
why. A second problem with the refractory
bricks is that they make your hearth heavy
if it needs to be moved.

You can buy refractory pads which are
more expensive but reflect more heat and
are extremely light weight. A pad about 12"
thick will protect the underlying surface
even when using a soldering torch for long
periods. However, if you are applying a lot
of heat for long periods, mount the pad on
some form of hearth. These pads can be
purchased from jewellery industry supply >
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houses. They come in various types and
costs depending on type, size, material,
manufacturer, and their ability to resist
various temperatures. Since you will likely
not require to solder platinum at very high
temperatures, select the basic types. They
are also available in hard, soft, and cellular
types. The hard are obviously a little more
rugged, but the soft, and cellular types offer
useful features. The soft allow you to stick
pins into the pad to allow the positioning
and sometimes the securing of very small
parts. The cellular type allows the crannies
to be used to jam wire or other components
into the crannies to aid with alignment

and reducing the chance of movement. A
supplier for 12" square, hard or soft sheet is
provided at the end of the article.

Two of these pads will cover the brazing
table described above, and allow space
around the edges for fire bricks.

If you want to create a small booth or
space for silver soldering and brazing, you
could frame-out an area and then line it and
the bench with a double layer of Magnum
Board which is an inexpensive alternative
to dry- wall (plasterboard) normally used
in the construction industry. Magnum
Board is flame and heat resistant and a fire
retardant. This would allow you to point
your torch from the hearth without setting
anything on fire. It is available in the UK
from Panaloc.

A second alternative is to build your
booth with walls of cement backer-board
used for shower enclosures. It is fire proof
and low cost. Easily screwed to a frame it
can be used to form the bench top, walls,
and a hood.

The hearth, consisting of the support
structure, steel sheet base, and refractory
would be arranged within the booths
described above. Such a booth could store
the operating fuel cylinder underneath, and
for additional safety an extraction fan could
easily be installed as part of the hood above
the hearth.

Lap Joint Flat Shape

Integrated Clamps and Supports
You may wish to consider several of these
items as you conduct more complicated
work. First, you need a few clamps that are
used only for soldering work, as they will
quickly get oxidized and rusty. A couple of
simple, quick to make, toolmaker's clamps
are most useful, along with a round bar (say
3/8" diameter) that can be installed above
the hearth and can then be used to attach
other arms, carry or hold various forms

of clamps, secondary supports, tweezers,
tables, and wire clips and patent devices.
Such clamps and attachments and aids can
be added to your 'kit’ as required.

A couple of magnets with round bars
attached are useful. The magnets can be
purchased, and a suitable bar attached as
you see fit.

More ideas describing supports and work
holding are described later in the article.

Finally, you may want to equip the hearth
with a support for the torch so that you do
not have to hold it continually on long jobs,
and a hook for the torch for when it is not
inuse.

Pickle Baths and Pickles

The most suitable pickle bath for small
parts is a slow cooker or Crock Pot, as the
pickle can be warmed, the porcelain inner
is acid resistant, and it

Table 2 - British Standard Specifications

comes with a lid. Some
jewellery supply houses
sell slow cookers as pickle

BSName | Silver% | Cadmium | Solidus | Liquidus baths, but usually itis
cheaper to buy one on
AGT >0 Yes 620 640 sale at a cookery supply
AG2 42 Yes 610 620 store or hardware store, or
try a garage, or car-boot
AG3 38 Yes 605 650 sale. | went to a couple of
AG5 43 No 690 770 charity shops and found
both had slow cookers for
AG9 >0 Yes 635 655 S5 to $8. Obviously, large
AGMNM 34 Yes 610 670 work requires containers
big enough to contain the
AGI2 30 Yes 600 690 object being soldered.
AG13 60 No 695 730 Four common
substances are used as
AG14 > No 630 660 a pickle, and are referred
AG18 49 No 680 705 to most often in the
literature:
AG20 40 No 650 710 ® A solution of 5 to 10%
AG21 30 No 665 755 sulphuric acid.
® A solution of Sodium
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Bisulfate (NaHSO4) - It is available as PH-

Down which is available at swimming pool

supply stores and is an economic source

(do not confuse this with sodium bisulphite,

they are not the same).

® A solution of 10% citric acid, which is
slower but a much safer pickle to use.

® Commercial pickles such as Sparex #2 or

OttoTech Citri-Pickle (North American

brands).

Sometimes it is worth adding a few
drops of washing up liquid to the pickle to
increase its wetting capability.

Sulphuric acid is hazardous and for model
engineering in the amateur shop is not
essential, although it is most often quoted
in the literature. The alternative 10%
solution of citric acid works very well if the
solution is kept warm (50C or 120F).

Citric acid crystals can be purchased from
brewing and wine making suppliers and
cheaper at Arabian/Asian food stores. Check
the packaging for the acid crystals to add
to water for a given strength. Citri-Pickle is
available from jewellery supply merchants.

If you purchase new battery acid as a
source of sulfuric acid it will likely be 33%
concentrate (read the label carefully),
ALWAYS ADD ACID to WATER. Wear the
safety gear detailed above. Remember the
catchy phrase ‘Do as you oughta, add acid
to wata’, or AAA (Always Add Acid). Consider
a label on your pickle container with the
reminder. Under no circumstances should
water be added to the acid. If you are not
sure of the concentration of the acid to be
diluted do not use it. Clean-up any spilled
acid with copious water (many sources
recommend a weak alkali such as washing
soda or baking soda, although this will
foam up. Ideally buy a spill kit and keep it
handy - Ed.). Do not use old battery acid as
it contains lead.

Used pickle should be disposed of in
accordance with your local regulations.

For those on septic tanks, dispose of as
hazardous, as you don't want to upset the
PH balance in your septic tank.

Soldering Materials

Silver Solders

Silver solders is often supplied as a rod
1.5mm (1/16") diameter by 600mm long.
Also, available are other forms including 0.5,
0.7and 1.0mm wire for small fittings etc.,
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it can be purchased in narrow strip or foil
form and is also available ready mixed with
flux in a 30 gram syringe so that parts may
be assembled then simply heated. For the
model engineer, the first purchase Could be
a low melting point 55% silver alloy, in the
1.5 mm size, as it is the most useful size for
most modelling work.

In Table 2, the BS refers to the British
Standard which is a reference to specific
solder types that are deemed standard types.

The Solidus column shows the
temperature at which the solder melts, and
the Liquidus column shows the temperature
at which the solder runs and will flow freely
into the capillary of a joint. For model and
general engineering purposes, it is usual to
pick a solder where these two temperatures
are close together. Many solders where this
occurs used to contain Cadmium, which
makes the solders more toxic. Cadmium
containing silver solders have now been
banned in Europe, but we have included
data for completeness - please take care and
use extra ventilation if using old stock of
such solders.

Since the price of silver solder is mainly
driven by the silver content, the higher the
silver content the more expensive the solder.

Each major supplier gives their own
product name to the standard types and for
three major suppliers the equivalents are
provided in Table 3.

Flux
Aflux is essential when silver soldering. Do
not attempt to do work without it. If you
use the powered type, it must be mixed
with water to a creamy texture before
use. The composition should have the
consistency of single cream.
Flux types include:
® Powdered Flux - EasyFlo or Tenacity the
flux type must match the type of silver

Silver Soldering

solder, or the metal being | yaple 3 - Manufacturer Equivalents to Standard Types
soldered ) . Shown in Table 2
® Prepared fluxes which
are then premixed BSName | Johnson Matthey | Frys Thessco
versions of the powdered
flux. AG5 Silverflo No 43 No 5 -
® Liquid fluxes - Jewellery AG13 Silverflo 60 No 4 HO
supply houses sell
various types of liquid AG14 Silverflo 55 No 29 M25T
fluxes which are AG18 Argobraze 49H No 37 M19MN
very good but more
expensive AG20 Silverflo 40 - M10T
Photograph 13 shows AG21 Silverflo 302 No 33 MOT
two types of stick solder, a

1/16" diameter and 3/16" by

1/16" stick along with the powdered EasyFlo
flux and the little jam pot used to keep
mixed flux ready for use, plus an example of
silver solder in liquid form in the tube.

Anti-run for Solder

An anti-run is close to essential for

some work, so you may as well develop

a technique for stopping solder from

running where you do not want it. There are

several ways of doing this most of which

is discussed in the Process section later

in the article. Beware that solder will run

anywhere that is clean, fluxed, and where

capillary action can occur. There are also

some products that you can use to assist

with this and they are:

® Office White-out / Tippex typist
correcting fluid - small container with
integral brush in lid, getting hard to find
(note that ‘solvent free’ versions aren't
suitable).

® Never Seez R lubricating compound by
Bostik

® Marking out ink (this was recommended
by George Thomas)

® Jewellery supply houses supply
proprietary products

® Jewellers yellow ochre in a paste form

Lap Joint Cylindrical Shape
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@ |ndian ink - used for protecting hinges in
jewellery work, and can be applied with
abrush

® Ordinary soft lead pencil (2B through 6B)
is reported to be used by orthodontist
technicians

® Soot from the flame of an acetylene torch
with no oxygen being used, although this
is a method to be avoided as it is messy
and getting the soot just where you want
it, is difficult.

Binding Wire

Binding wire is an essential component for
joint preparation in some situations. Joints
can often be easily held in place by wire.
The best type is black (not bright drawn)
binding wire which is available in all sorts of
sizes. The larger sizes are found on building
sites, and used for installing concrete re-
bar (re-enforcing steel bar). Generally, the
sizes of more use to model engineers are
those less than 3/64" (0.050”) diameter,
and iron binding wire is available in various
diameters down to 0.008". The jewellery
supply houses supply wire from 0.020"
down to 0.005".

Pins and Screws

Bright brass or steel wire can be used

as a pin to secure components made of

brass or steel. You will require wire that

is very small diameter, generally 1/16” or

less, and is bright and drawn hard (does

not bend easily). Holes are drilled through

the assembled component and the wire is

inserted as a pin to hold the components

together. | do not recommend that you use

small diameter drill rod or silver steel.
Small screws can be used to hold

parts together while they are soldered.

The heads can be filed or machined

away after soldering. These pinning and

screwing methods should be mastered if

you are making complicated, multi-part

components.

What Can Be Soldered?

The list below describes some of metals
that can be silver soldered along with
comments and notes.

® Brass - Easily soldered

® Mild Steel - Easily soldered.

® Tool Steel - Easily soldered.

® Stainless Steel - More difficult.

® Cast Iron - More difficult.

® Copper - Easily soldered.
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® Silver - Easily soldered.
® Bronze - Easily soldered.
® Carbide tool inserts to steel tool holders -
Moderately difficult
® Gold - Easily soldered but normally
soldered with gold, rather than silver
solder.
The following points should be noted
regarding what can be soldered.
1. Stainless Steel - requires appropriate
flux, Johnson Matthey make a Stainless
Steel grade flux called ‘Tenacity’ which is
also good for large assemblies needing a
lot of heat. Test run a joint, before using for
serious work.
2. Cast Iron - To solder, ensure the cast iron
is clean and free from surface graphite.
Clean with a degreasing solution. SSQ-6 is
a silver solder in a tube which MuggyWeld
claim solders cast iron easily ( muggyweld.
com/cast-iron-repair ). This tube contains
premixed solder and flux, apply from tube,
assemble and heat. Note that a tube of the
product has a shelf life of about one year.
3. Mild steels containing lead to aid
machining will not solder as well as regular
carbon steels.
4. Drill rod (silver steel) solders beautifully.
5. For Carbide or other small tool inserts use
AG14, although special foil is available for
large inserts which use AG18 solder. Test run
ajoint, before using for serious work.
6. Silver soldering of aluminium will not
work - the aluminium will melt before the
filler rod! Consider a special soft solder.

Planning

As with any process planning is important.

Some decisions which need to be made

prior to starting any silver soldering process

are:

® \What gap is required between the
components?

Slotted Joint

@ Will the gap make the components
hard to position? If this is the case, then
how will the parts be held in position?
Consider part holding options discussed
later in the article.

® As the flux is heated, parts may move if
they are not secure, plan how to stop the
movement.

® How will the part be supported on the
brazing hearth, and how will the flame get
to each joint? Some support structures
may impede heating enough to make
them impractical. If part of the joint will
be hidden what material can be used to
reflect heat at that part of the joint?

® \What type of torch will be used and with
which tip, nozzle, or burner?

® Do you need a support for the torch? If a
support is required how will it be secured?

Castellated Joint

70 www.model-engineer.co.uk

® What type of silver solder and flux will be
used?

® How will you apply the silver solder?

® How will you apply the flux?

@ Have you an appropriate piece of solder
to apply, or are you going to risk using a
full rod of solder?

@ How will you move the part from the
brazing hearth to the pickle?

® \What pickle will you use?

® How are you going to clean up the part
after pickling? Does the part need special
treatment prior to final finish such as
painting?

Joint Design
An overlap of the metals is usually required.
Four times the thickness of the thinnest
component is a minimum overlap as a
design criterion for joints under pressure.
Plain butt joints, as shown in fig. &, are
generally to be avoided unless absolutely
necessary. Where a butt joint must be used,
use a silver solder that provides fillets as
this will help with joint strength.
Over-lapped joints are shown in figs
5 and 6, both joints show the large areas
provided over which the solder can flow.
Joint gaps are described below, but
machining two parts with a little play is
required. For successful soldering, joints
require a surface area, and the ability for the
solder to flow through the joint, by capillary
action. The capillary action of the solder,
when in molten form, is the reason for the
gap, and why the gap is so important.
Figure 7 shows the advantage of a slotted
joint over a butt joint. There is three times the
area available in the slotted joint for solder
compared to the butt joint shown in Fig. 4.
The joint in fig. 8 is a castellated joint
which is a modified coppersmith'’s joint.
It provides additional solder contact area.
For boilers, the castellated dimensions are
usually about V2 by 1to 172" The joint can
be further strengthened by using a plate
under the castellated joint.
A blanking joint, in the end of a tube-like
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structure, can be strengthened by allowing
fillets on either side, as shown in fig. 9.

A second solution is to create a flange or
shoulder which can give additional area to
the joint.

If you want solder to run in a certain
direction score the components by
scratching lines with a scriber in the
direction the solder is to flow. These score
lines need only be a thousandth of an
inch or so deep, but seem to make a vast
difference to the capillary flow.

A different technique for joining two flat
surfaces is by sweating a joint. This involves
depositing the solder on one surface in the
first operation, and in a second operation
placing the second face on the deposited
solder, and reheating and allowing the two
parts to join. This is a common operation
when soft soldering, but also works for
silver soldering.

Small Fittings and Fabrications
Connecting pipe work components
involving cylindrical shapes such as pipes,
and pipe fittings requires proper planning
and design, especially if when in use,
these components are under pressure.
Components such as pipes into unions
and sockets should slip into the receiving
socket about the same amount as the pipe
diameter. This ensures a good area for
solder to flow.

Sometimes when assembling fittings, it
may be better to thread the male and female
components as this secures them in place
and then silver solder the threads to seal and
complete the joint. There must be enough
space between the threads for the silver
solder capillary action to flow and fill the joint.

If the components to be joined, can be
chamfered (say 0.010 to 0.050") where
the solder is to be applied, this can be very
effective in aiding penetration. When you
are machining your own parts this is an
easy operation to add to the machining
sequence.

Supporting pipes and fittings during
soldering can be quite a problem, however
there are a couple of solutions. One way of
using 'V’ blocks is shown in fig. 10, where
the blocks are attached from underneath
to a base plate (blue), straps (red) are used
to hold pipes in position on the v-block. The
two v-blocks (grey) can be positioned so
that any pipe shape can be silver soldered
accurately, in this case an elbow joint with
the elbow formed by cutting the pipe at 45°.

Silver Soldering

4

Blanking End-joint

Soldering Pipes
using V Blocks
for support

A second solution, if it is a short pipe, is to
insert an iron wire support inside the pipe
to support the pipe, and pull the iron wire
out after soldering.

Joint Gap

Table 4, provides for each type of silver
solder, minimum, and maximum gaps for
that solder type. The distance between
components allows the solder to flow

Table & - Optimum Gap Size for Standard Silver Solders

BS Name Min Gap mm Max Gap mm Min Gap in Max Gap in
AG5 0.075 0.20 0.003 0.008
AG13 0.05 0.20 0.002 0.008
AG14 0.05 0.15 0.002 0.006
AG18 * * * *

AG20 0.025 0.15 0.001 0.006
AG21 0.075 0.20 0.003 0.008
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through the joint, if there is no gap, then
there will be no solder. A minimum gap is
therefore required for capillary action to

occur.

AG18, marked with an asterisk in Table 4,
is used for carbide tip attachment and are
usually used with silver solder in foil form
places in the joint.

The gap specified by suppliers is the best
gap necessary to get a maximum strength
joint. A typical strength of the joint versus
the gap is shown in fig. 10. Each solder type
will follow a similar curve.

From fig. 10, for most joints not under
high pressure or tension/compression
conditions, one can see that as long as
the gap is big enough for capillary flow to
happen, and is not excessively wide, for
most solders there is plenty of latitude for a
successful joint. Therefore, the best advice
is ensure there is a gap for capillary action,
and after that don't worry too much.

To be continued
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* 1130GY Variable Speed Lathe

* Now with 38mm spindle bore

NEW ADDITIONTO PRODUCT RANGE

* 2 Axls DRO available

VISIT OUR WEBSITE FOR FULL
PRODUCT RANGE

41130 GY Lathe
* 280mm swing
A« 700mm be
W'« Power cross feed
* Spindle bore 38mm
* Fully equipped

Table
power fead
available

ﬂ VM30 x 2MT Westward Road, Stroud, Glos GL5 4SP
: fE L’,'\- :’c;:r;l;n\fTib;EMT (Just 4 miles from Junct 13 M5 Motorway)
700mm Table Tel: 01453 767584
e LU Email: sales@toolco.co.uk

;]4 www.toolco.co.uk

CARIADEE SPEERMILLY Unit 4, Ebley Industrial Park,

Yiew our full range of machines and

ﬁf‘ * Optional 2 Axis DRO i
equipment at our Stroud Showroom

W__ available

Phone for opening times before travelling

Cowells Small Machine Tool Lid,
ool Srmall Maching Toask L
Tandring Rosd, Lite Bentley, Calchaster CO7 BSH Eres Englasd
TelFax +44 (0}1206 351 797 e-mail salesSoawsdls.oom

www.cowells.com

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

milling mochines, plus comprehensive accessary ronge.
Talk directly to the manufocturer
— .

-~ M-MACHINE
5 Unn § Forge Way Cleveiand Trading Estate
[~ Darlingtan, Co. Durham DL12PJ

“ Metalsifor Model Makers

Cumact us fmCupper Brass, Aluminium,
"—‘;'Steei Phosphur Bronze elc.

PHGNE & FAX 01325 381300

e-maﬁ sales@m-machine.co.uk
wiww.m-machine-metals.co.uk

THINKING OF SELLING YOUR LATHE

MILL OR COMPLETE WORKSHOP?
and want it handled in & quick,
professional no fuss manner? Contact
David Anchell, Quilstar (Nottingham),

01159206123 07779432060

e e e e e e = —

CNC Cuttlng service Wood, Metal, Pla !
‘& CNC Conversion
® Need a part fo lﬁz or model CN

e Need fine e v -
e We have lathegJ mtlls
- e CNC

. Cust0m CB

§ TAPS & DIES

": Excellent Quality manufactured-supplied

=== =
: r'}al.:f )

British-box HOS taps s dies culs stainless
ME5(33pcs) ME4 (30pcs) BA3(35pcs) has
all Model Eng 32+40tpi BA, BSB, MTP et
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

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 available please
go to my website or contact David Anchell direct.

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

All 5" Gauge Loco's Wanted

Hunselt, Simplex, Speedy,
BR Classs 2, Horwich Crab,
BR 8400 tank, Maid of Kent,
Black Five, Jubilee, Royal
Engineer, B1 Springbok,
Torquay Manor.

For a professional friendly service,
please telephone:

Graham Jones MSc.

0121 358 4320
antiquesteam.com , [

ALL WORKSHOPS CLEARED SWEPT CLEAN

Al %" Gauge Loco's Wanted RA C TI ox
ENGINES
WANTED

All 734" Gauge Loco's Wanted

Hunselt, Hercules, Jessie,
Romulus, Dart, Bridget,
Holmeside, Paddington, GWR
Mogul 43xx, GWR King, Black
Five, A3, B1, etc.

Titch, Juliet, Rob Roy,
Firefly, Jubilee, Maisie,
Doris, GWR Hall, Britannia,
Hielan Lassie, Etc.

_ Minnie, Burrell, Royal Chester, etc.

72  www.model-engineer.co.uk
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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 1984;
3-YEAR WARRANTY ON ALL CONVERTER
PRODUCTS; BS EN 9001:2008 QUALITY

ASSURED MANUFACTURING ENVIRONMENT;

CE MARKED PRODUCTS COMPLIANT WITH
EMC REGULATIONS, THE LOW VOLTAGE
DIRECTIVE and BS EN 150 61000-3-2,2008,

SDTS ’Enguwerw»g« Ltd

* Coded welding & Fabrication = Wrought iron work
= Precision Machining « In-situ line boring
* Mechanical Fitting & Online Engineering supplies

SDTS Engineering Limited
Email: sdtsengineering@outlook.com
Contact Office on: 01455 646179 » Mobile sam: 07729 376094
www.sdtsengineering.co.uk

Design Projects Ltd.

Design Projects Ltd., a small, custom
engineering company, are looking for
machinists that work from home with their
own Lathes, milling machines etc... and may
be interested in manufacturing small,
custom made items from 1-5 off in
stainless steel / brass etc.

www.designprojects.eu.com
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Alec Tiranti Ltd

established 1895
Centrifugal Casting & Mould
Making Machines, White Metal
Melting Pots & Hand Casting Alloys

www.tiranti.co.uk
Tel: 0845 123 2100

Modelling Moulding Tools & Materials,
Pewter, White Metals Alloys, Bearing Metal, Silicone Rubbers,
Polyester, Polyurethanes & Epoxy Resins,

luding F & Clear R
Professional range of Cold Cure Silicone Rubbers.

27 Warren Street, London, W1T 5NB 0207 380 0808
and

3 Pipers Court, Berkshire Drive, Thatcham, Berkshire, RG19 4ER

m%%%s

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

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

To advertise on these pages contact Juliet Lamble on 07841 01 96 07 or juliet.lamble@mytimemedia.com
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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.




" £3250 144 Maidstone Road, Foots Cray, Sidcup, Kent DA14 5HS
! Tel: 0208 300 9070 - Evenings: 01959 532199 - Fox: 0208 309 6311 A
www.homeandworkshop.co.uk e sales@homeandworkshop.co.uk
Opening Times: Monday-Friday 9am-5.30pm e Saturday Morning 9am-1pm
10 mmutes from M25 - .Iunctlan 3 and South Circular - A205 ’ 1
MRS

=il = , MYFORD Super 7B :
. r Beautiful! GEER
. wﬂﬂ@ . -

.HolbrooRBBloolroomlulhe 240V 0N 1os - - i M _ B

—— ; " ffer® T .' - ': ==f Weile:r lathe + collets  £3450 -
EIIIE 1iv70mD GEnUINE paRTs) e o e T
A i AR  es150 |l P
_ £1795 e— - Purchased from Nottingham ' byt
A " " Myford super 7B
: |athe

 Colchester Bantam

' h N b o + new inverter
# Rolsan Reelers 40”powere% : 1 -
K = -

N -n.ros P
Modell . g Lushlngion small
grmder

Burnerd £45 ) hole gauges
4 jaw chuck

38

T oo

;

Starfrite
handsow

£5750 Colchester Triumph lathe

S B TN | ol a .,‘ ;-(}16 "/ 300mm
extractor ' = 240.volts VIO R and i®) B Micrometers . g

g . 3 | Astra Iube/ ) - —
oondedly N . : %V"I“ H’ bar vice f
g I ——— A7 Bl vertical/ & £345

- horizontal
e | 12'x12'x 24" y
e« Angle plates

Boxford Little

Gidnt fool osl£425 ol [
P grlnderp i ) athe 240 valis§/

£525

Stenhaj 16TON
garage press +power pack

ApexIO” 5" o
EMS mugnehc chuck =

¢ (mild sfyn By

‘b f 7 Spedi
3 e Myford M - : .
| ‘Colchester i h = L= . — 4 pr—
. Chipmoster - h Su:‘}:(glgf::; Bsrl: ;; Zelfjl felt iich &, LF ﬁg" & '/ 8 | Colchester Triumph Emeo VIOR.mil
em s ’l s 2500 /Harrison e
Please PHONE to check availability or to obtain our list "d Shlpmun 540 grinder : S & M390/V390 steady fif}
DISTANCE NO PROBLEM!  DEFINITELY WORTH A VISIT  ALL PRICES EXCLUSIVE OF VAT T — £875 mxqummmwm
Eagle Model 3 surface grinder
‘Myford Super 7B° & "Super 7 large bore” WORLDWIDE



CHESTER

Machine tools

Visit us at the Doncaster
Model Engineering and
Modelling Exhibition

I MOBEL ENG EEBINGTI D MODELLING |

Friday 12t May 2017 -
Sunday 14t May 2017
@ Doncaster Racecourse

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

Conquest Superior Lathe
with BRUSHLESS MOTOR
325mm Between Centres
180mm Swing Over Bed
£682.00

= . DB7VS Lathe
300mm Between Centres
180mm Swing Over Bed
50-2000rpm Speed Range
£768.90

DB8VS Lathe
400mm Between Centres

210mm Swing Over Bed
50-2000rpm Speed Range

£1,175 inc Stand (List Price £1,259)

Model B 3 in 1 Machine
520mm Between Centres
130mm Swing

ii[‘ MT3 Spindle Taper

g’ £999 00 (List Price £1,098)

Stand Included

Craftsman Lathe
570mm Between Centres
300mm Swing Over Bed
£2,359.50

Conquest Super Mill
270mm Spindle to Table

100-2500rpm Speed
460x120mm Table Size

£575.29

3 Champion 16V Mill
" i r 370mm Spindle to Table

o4 500x140mm Table Size
MT2 Spindle Taper

£713.89

Champion 20V Mill

700x180mm Table Size
MT2 Spindle Taper

£1,090 inc Stand
(List Price £1,171)

626 Turret Mill
20mm Milling Capacity
660x152mm Table Size
R8 or MT3 =
Spindle Taper
£1,686.30

" H80 Band Saw

Horizontal Band Saw
0.4kW Motor

90mm Round Capacity @ 90°
85x85mm Rectangle Capacity @ 90°
£173.81

DON'T FORGET
OUR ONLINE
TOOLING SHOP

WWW.CHESTERHOBBYSTORE.COM

S PI TS EER Y.

www.chesterhobbystore.com

sales@chesterhobbystore.com

All prices include VAT but excludé€ delivery

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



