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On the

Editor's Bench

AMysteryTool
I knowwhat this ‘mystery’ tool is, as I
bought it. In fact, I had to order it from
theUnited States! I could havemade
one, but despite its simplicity, itwould
have needed to be bent up from a larger
piece of stainless steel, amaterial that is
a right pain towork neatly and a good
smoothfinish is essential. Now, I’m sure
many readerswill be able to guess it’s
basic function (no, it isn’t a tire lever!)
but howmanyofyou can say exactly
what the purpose of this little object is?

ASteadyHand
I was given a nicemicrophone, but the
capsule in it had an intermittent fault.
Eventually gave up on tracking it down
and ordered a couple ofmid-range
capsules that had a similar frequency
response and other properties. The
firstwas fine and replaced the original
with onlyminormodifications to the
fixing arrangements. I didn’t have an
immediate use for the spare capsule but
noticed that the small secondary coil
had both its connections broken. Not
essential for themicrophone towork,
this coil acts as a ‘humbucker’ reducing
the pickup of extraneous electrical
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noise. Itwasmore than a little strain on
myeyesight and the steadiness ofmy
hands, but I was pleased to be able to re-
connect the coil successfullywith some
finewire and a small soldering iron tip.

Briquette Cutter
Myapologies toNickWebb for
accidentally crediting his ‘briquette cutter’
tip to somebodyelse in the last issue.
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plans and instructions for building this
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Chris Hallaway.

16 Tips andHints, some old,
some new, some borrowed.
BrainWood shares a valuable
compendium ofworkshopwisdom.

26 Companyprofile –Warco.
Behind the scenes to meet two of the
employees atWarco, one of the well-
established suppliers to the hobby.

28 Improving a Tangential
Flycutter.
An update from Howard Lewis with
further improvements to his tool
described in issue 316.

31 IntroducingMulti-Tools
Stub Mandrel gives beginners a brief
introduction to these handy devices.

34 Squaring the circle.
GrahamMeek has tackled the
conundrum of making useful dials
for carriage handles for a variety of
machines. The Emco Maximat proved
particularly challenging.

42 WorkshopTales.
We recall James Crebbin, one of the
original founders of the SMEE and his
workshop.

43 ATiltingMilling Table.
This handy work table by Mike Cox is
held in a tilting vice to allow the milling
of angles surfaces.
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Celebrating 125 years ofModel Engineer
with pages from the veryfirst issue.

50 TheMidlandsModel
Engineering Exhibition.
The latest news a guide to the trade
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see pages 9-15.

3 On the Editor’s Bench.
The editor rescues a microphone insert and challenges readers
to identify and obscure specialist tool.
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40 On theWire.
Ourmonthly round up of news from theworld of engineering.

58 Readers’ Tips
Ourwinner this month has a tip for lathe speed readouts. Send
your tips to meweditor@mortons.co.uk, you could win a prize.

66 Readers’ Classifieds
Another great selection of readers’ sale andwanted ads.

Visit our
Website

Why not follow us on Twitter? twitter.com/
ModelEngineers hashtag #MEW

THISMONTH’S BONUS CONTENT
LogOntoTheWebsite forExtraContent:
All the links in JacquesMaurel’s article on gear design are to be found at:
www.model-engineer.co.uk/filengrene

Otherhot topics on the forum include:
Machinery’s Handbook Is it worth getting a copy? By Dalboy.

All things BeaverMill An open thread for anyone owning or
working on. a Beaver Mill by Robert James 3.
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Compact DividingHead

CompactDividing
HeadPart 1
ChrisHallawaydesigned andmade this CompactDividingHead (CDH) about
thirtyyears ago forusewith hobbysizemillingmachines.

General View (front)

General View (back)

1

2Smallermillingmachines have
limited headroom above the
table, so I designed and built the

compact dividing head inphotos 1 and
2. In order tomakemaximumuse of
existing lathe accessories (3 and 4-jaw
chucks, collet holder, centre, catchplate,
faceplate, etc.) the spindle nose and bore
must replicate those of the user’s lathe,
aMyford Super 7 inmy case. Details for
Myford 7 series lathes are shown. The
mainshaft centre line is 3.1 inches above
themainmounting face and so is able to
accommodate a 6-inch diameter, 4-jaw
chuck.
This CDH is arranged formounting

at the left-hand end of themilling
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Figure 1. Mounted on Base

Figure 2. Mounted on Side

Not as good as a pukka enveloping
Wormwheel but it has survivedmany
years of amateur usewithout noticeable
wear.
If accuracy is important for your

intended use, thewormwheel should
be hobbed like the genuineMyford
item.Wheels indexed and cutwith
Brown & Sharpe cutters which produce
only approximate involute formswill
certainly introduce errors of tooth form
and spacing andwill compromise the
final results.

machine tablefig. 1, as is usual. If
vertical space is tight the CDH can be
mounted on its side,fig. 2, which saves
1.5 inches in spindle height butwhich
also limits the size of theworkpiece and
itsmounting. In this position, in order
to be able to read the degree scales,
thewormshaft and its bracketmust be
repositioned through about 45 degrees
and a different design of zero bracket
fitted. Unfortunately, in thismode, the
handwheel dial and its verniermust be
read upside down.

As is usual, the mainshaft is driven
by aworm andwormwheel. The
wormwheel, which is the onlymajor
bought out item, is a modifiedMyford
60 tooth changewheel. A special tool
needs to be ground to screwcut the
worm profile which mates with the
20 diametral pitch (DP), 14.5 degree
pressure angle (PA) wormwheel.
Because thewormwheel is actually a
spur gear, the matingworm has to be
set at its own helix angle to the plane
of the gear to obtain propermeshing.

http://www.model-engineer.co.uk
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Compact DividingHead

Both themainshaft and theworm
shaft are fittedwith friction setting dials,
the latter carrying a vernier allowing
angles to two places of decimal degrees
to be easily dialled in. Division plates
are not included in the design as, for
model engineeringwhere repetition
work is infrequent, youmay aswell
drill holes, etc. into the job itself rather
than into a division plate and then into
the job. Anynumber of equally spaced
holes, faces, etc. maybe set up from a
table of angles calculated using a hand
calculator, MicrosoftExcel spreadsheet,
etc. as suggested byProfessorD.H.
Chaddock. The Table 1 shows an
example forThirteen equally spaced
features. Because there is a degree
dial on themainshaft, there is no need
to count handwheel turns noting that
losing track of turns is a frequent source
of difficulty in operations of this sort.
A downloadable Excel spreadsheet
which can calculate anynumber of
equally spaced divisions up to 400 is
referenced at the end of the article (and
will be downloadable fromwww.model-
engineer.co.uk).
The original intention was that

the mainshaft would be locked in
position by pulling it axially into the
tapered nose bearing. This proved to
be ineffective in preventing rotation
so a pair of clamping bars was added
to grip the centre section of the
shaft fig. 3. The original locking

4
19

21

20

27

28 29

2

3

Figure 3. Cross Section through Clamping Bars

http://www.modelengineer.co.uk
http://www.modelengineer.co.uk
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mechanism, visible in cross sections,
figs 4 and 5, has been retained
as a useful means of adjusting
bearing clearance and providing

Mounted inclined on an Angle Plate

3

14

13

12

5

119

6

10

Figure 4. Cross Section, vertical through Mainshaft Figure 5. Cross Section, horizontal through Mainshaft

braking when, for example, hobbing
gears. As neither of the two locking
mechanisms imposes side loads on
the mainshaft they are unlikely to

affect positioning accuracy.
The bodywasmachined from 5-inch

diameter forged aluminiumbar and
contributes to the rather low, easily

http://www.model-engineer.co.uk


October 2023 13

Compact DividingHead

36

37

38

39

38

35

34

handled overall weight of 8 lbs. It can
be clamped to amillingmachine table
by studs, tee nuts, nuts, etc. through
suitably spaced vertical holes in the
lower section or, if angledmounting is
required, to an angle plate via horizontal
holes and bolts,photo3.
All detailed parts andmodifications to

the 60-tooth gearweremachined using
myMyford Super 7 lathe andDore-
Westburymillingmachine.
The drawbar, essential for retaining

Morse taper 2 (MT2) mounted items
against side and vibratory loads, is
arranged for self ejection so impact
release is unnecessary. My Dore
Westburymill can only accommodate a
5/16 BSF drawbar so all myMT2 items
carry a 0.500 inch diameter, male/
female adapter to get fromwhatever
thread they came with to 5/16 BSF
female. If your preferred drawbar
is other than this, the Mainshaft
and Drawbar Sleeve will need to be
modified to suit.
It was found later that, with the

addition of a stepper motor and drive,
the dividing head could serve as
the work holding part of a spur and
helical gear hobbing set-up inspired
by an article in MEW 193 by John Pace
(photo 3).

Making the Compact
Dividing Head
At the time this dividing headwasmade,
BAandWhitworth form fastenerswere
readily available. As this ismuch less the
case now,metric fasteners have been
substituted in the drawings. However as
mymachines andmeasuring equipment
are inch based, drawing dimensions
and turned threads conform to this old
system.And I do cheat byusing a full
1 - 10 by0.1mm set ofmetric drills where
1/64 inch steps in Imperial drill sets are
too coarse.Most dimensions are given in
inches to 3 decimal places. No particular
accuracy is thereby implied.
In the light of experience and of

further thought, otherminor changes
have beenmade so the drawings are
showing small differences from the
photographs of the original.
Several cross-sections are presented

for information. This hopefully
helps in sorting outwhatmatters
andwhat doesn’t, see alsofig. 6,
enabling builders to alter parts to suit

Table 2 Parts List

SubAssy Balloon
Number Part Name No

Off Notes

BodyAssy

1 Body 1 3 stages

2 Clamp Bar Upper 1 2 stages

3 Clamp Bar Lower 1 2 stages

4 Capscrew 1 M6 x 30

MainshaftAssy

5 Mainshaft 1 -

6 Circular Lever 1 -

7 Wormwheel Dial 1 -

8 Wormwheel 1
Mod. Myford 60 t.
ch’gear

9 Pivot Screw 1 -

10 Thumbscrew 1 -

11 ThrustWasher 1 -

12 Capscrew 4 M3 x 6

13
Gear Dial Retaining
Plate 2 -

14 Thrust Pin 2 -

15 Tube Nut 1 -

16 Drawbar Sleeve 1 -

Figure 6. Cross Section through Wormshaft
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17 Drawbar 1 -

WormshaftBracketAssy

18 Worm Bracket 1 -

19 Capscrew 1 M6 x 40

20 Capscrew 1 M4 x 10

21 Retainer 1 -

22
Worm Bearing
Block RH 1 -

23
Worm Bearing
Block LH 1 -

24 Capscrew 4 M4 x 30

25 Worm Bearing RH 1 -

26 Worm Bearing LH 1 -

27
Zero Bracket
Clamp 1 -

28 Grubscrew 1 M4 x 6

29
Plain Nylon Plug
M4 1 -

30 Zero Bracket 1 -

31 Zero Bracket Side 1 -

32 Capscrew 2 M3 x 10

WormshaftAssy

33 Wormshaft 1 -

34 Handle 1 -

35 Handwheel 1 -

36 Handwheel Dial 1 -

37
Handwheel Dial
Collar 1 -

38 Grubscrew 2 M4 x 6

39 O Ring 1 BS 1806-116

40
Wormshaft Thrust
Collar 1 -

vice and not very rigid milling machine
consistently produced right angles
that weren’t. The couple produced
by tightening the vice was bending
(happily not permanently !) the vice and
machine table.
Drill and, where indicated, tap all the

holes followed by endmilling (probably
from both sides) the rectangular
through hole which provides access
for fitting nuts to the securing studs.
No spacing or size are shown for the
holes which take the studs clamping
the CDH to themilling machine table,
angle plate, etc. as this depends on the
machine in question and the selected
stud size. Holes will usually be set to
suit tee-slot spacing togetherwith a
centrally placed hole should angled
mounting be envisaged. In the latter
case, additional securitywould normally
be provided by stops.
The eight tapped mounting holes

in the front and rear faces are spaced
to suit the Myford 11 inch faceplate.
If you need to change their positions
to suit your equipment check that
you are not digging into something
important. Care should also be taken
to keep the shaft bore as near as
possible parallel to the bottom and
side mounting faces.
Stage2. Bolt the back face to the

faceplate and adjust so that the bore
position runs true. Face and then bore
from the front to drawing dimensions
using theMainshaft as a gauge. Aim to
have the spigot face on theMainshaft
proud of the front face of the Bodyby
0.125 inches.
Fit the partiallymachined Clamp

Bars and tighten in positionwith the 6
mm cap screw before boring them to
a sliding fit on the 1.000 inch diameter
section of theMainshaft. Remove the
Clamp Bars.
Stage3. Nowbolt the front face to

the face plate and adjust so that the
0.930 inches bearing bore runs true.
Face back to drawing dimensions. This
will removemost of the 4 tapped holes
which, togetherwith similar items at the
front, are redundant oncemachining is
complete.
Finally enlarge the hole for the Clamp

Bar capscrewto drawing dimension
whichwill allow the ClampBars to self-
align on theMainshaft.

l To be continued

their available material, tooling and
preferences. Colouring of parts in the
various figures is for identification only,
there is nomaterial code or artistic
impression intended.
With the exception of the spindle nose

and theworm, sizes are not critical but
of coursewhere parts fit together care
needs to be taken to achieve appropriate
clearances. This is nothing newand is the
usual procedure inmodel engineering.
In a fewplaces, described in the text,
machining sequences need to be
observed to achieve the desired results.
It is suggested thatmajor parts bemade
in the order given below.
Where calculations, explanations

and derivations which do not directly
affect dimensions would interrupt
the narrative, they have been

appended as figures separated from
the main text.
Balloon numbers from Table 2, the

list of parts and referenced in thefigures
preceed part names inwhat follows.

1 Body
Myexperience of aluminium castings
produced formodel engineering
has been poor so, if an alternative to
forged aluminium alloy as noted on
the drawing,fig. 7, is needed, I would
suggest cast iron.
Stage 1. Start by creating all 6

mutually perpendicular flat faces
leaving enough on the length to clean
up both ends in the lathe (the spigot
on the back end is machined down
later). I used an angle plate and clamps
to do this because I found that my

http://www.model-engineer.co.uk
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Part 1. Body Stage 1
Mat’l: 6082T6 or similar forged aluminium alloy

Part 1. Body Stage 2

Part 1. Body Stage 3

Figure 7. Three stages of machining the body
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Tipsandhints, some
old, somenew, some
borrowed
…someengineers’ blue? BrianWood shares someuseful ideas for theworkshop.

Iapproached the Editor recentlywith acouple of tips for publication inMEW,
completely unaware of being the

winner in a previous offering thatwas
about to be issued. I was asked nicely to
accept a differentmethod for these to be
published in Scribe a Line to avoid being
labelled as ‘hogging the slot’ towhich of
course I agreed.
It setme thinking though as there are

several more of these consideredworthy
of passing on and this is the result; a
mixed bag of dodges and the like to be
going onwith.

Trickswithwoodscrews
To shift tightwoodscrews that have
rusted into thewoodwork over the
years, my father used to belt the end of
the screwdriver hard to shock the grip
and then tighten the screw slightly
before undoing it in the normal way.
Themethod helped reduce the frequent

risk of ‘cam-out’ with slot headed
screwswhich chews up the slot, a
curse of the head design and especially
disfiguring on brass screws so often
used in furniture.
Itworks equallywell onmodern cross

head screws and a further refinement I
have found helpful is to grease screws
used in outdoor projects, especially
in caseswherewall plugs are used.
Greasing also helpswhen driving them
home into predrilled holes in hardwood.

Distance collar for confidence
in repetitive batchwork.
Part ofwhat I do is commissionwork
for local businesses. A recent furniture
and glass project required a set of eight
matching length support legs to be
supplied in 30mmdiameter stainless
steel bar.
Therewas otherwork forme to do in

this project, but the length required of

these legs exceededwhatmy lathe could
accommodate. Agood friend offered
me the use of his bigWillson lathewith
its large bore spindle so that I could
comfortably drill and threadM10 holes
for levelling features into the ends. The
barswere sawn a little overlong from
lengths ofmaterial frommysupplier.
Without ameasurement of the spindle

bore beforehand tomake a length stop,
and to be certain they all matched for
lengthwithin 1mm, I turned up a close-
fitting collarwith a side grip screwto
function as a tooling reference stop.
Having faced one end of a bar, the

collarwas slid on and secured for length
at the other end by rulermeasurement
with both the ruler and bar butted up
against a solid surface. Then,with the
length of the bar out of sight down the
lathe spindle, I faced the end gripped in
the chuck to just kiss the outer face of
the collar, knowing that the bar length
would be correct. To protect the collar
from inadvertentmachining and thus
any thinning, I had previously coated the
‘stop’ facewith a blackmarker pen as an
indicator of impending contact.
The remaining seven barswere

all machined as a batch by the same
method to “identical lengths” as required
in the brief I accepted on taking the job,
using thefirst one for reference in each
case; afterwhich I drilled and tapped all
eightwith thework gripped close to the
chuck in the normalway.

Using an angle grinder on
brazed copper and brass joints
This discovery came about bypure
chance. I had extended bothfirebox
sides on a copper boiler for a traction
engine bymaking castellated joints and
completed the joints bybronze brazing,Angle grinder results on copper

1
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leaving excess brazematerial to remove
afterwards. “Try the angle grinder” I
thought. The copper/brazematerial
promptly clogged themetal cutting disc
which then started to tear up the surface
Iwas trying to smooth out.
Thiswas of course at aweekendwith

suppliers closed and all I had left in the
boxwas a partially used disc formasonry
work. Itwas a classic case of choosing
eithermuck or nettles, so I fitted this
disc in desperation. Tomy surprise it
proceeded to do amagnificent job if
gentle strokeswere used,with nothing
too aggressive. Therewas no clogging
at all.
Photograph 1 shows the result I

was able to achieve. It is not perfect
by anymeans, some of the previous
disc damage is evident but it worked
a lot faster than other more arduous
manual methods.

Various aspects ofworkshop
design
Small blackboards on theworkshopwall.
These are just redundantwall cupboards
from an oldWimpeykitchen,with the
doors painted in blackboard paint. They
make great planning features that can be
used repeatedly for notes onmachining
sequences, buying lists, reminders and
so on.
The cupboards themselves contain

masses of stuff, collectively quite
heavy and keep it all clean and out
of the way. Theywere not made to
support the potential weight I would
be likely to store in them, so were

strengthened by strong backs cut
from shuttering ply and screwed to the
frames of each. The bottom edge was
‘footed’ into a length of Dexion slotted
angle secured to the wall with the
mounting leg fitted upright.
Each cupboardwas screwed back

through the Dexion to thewall behind.
To prevent toppling, the topswere also
screwed back to the blockwall behind
the insulation boards using the existing
steel corner reinforcing plates that had
been built into them.
Photograph 2 is a view of the run

of fitted units. After such attention to
detail in fitting them, and despite the
considerable weight now contained
within them, they have needed no
attention at all after nearly 30 years
in position.
Space is at a premium inmyworkshop

(what’s new? I hearyou say), something
probably true ofmost owner’s
workshops and certainly so in this case.
With no space left on thewalls, itwas all
used up a long time ago, some reference
charts aremounted behind Perspex
sheets up on the ceiling. At least they are
well lit up there!
Photograph3 is a viewof them,

between the overhead strip lights. It
doesmean craning your neck to read
them, something I can still dowithout
falling over!
Siting the bench vice. Unusually I

chose tomountmyvice at an angle on
the end of the long andvery cluttered
bench. Having any kind offlat surface in
myworkshop is fatal and tends to attract

whatmywife calls junk but is in fact a
valuable resource to bemined for things.
Photograph4 shows one reasonwhy I
chose to fit the vice thisway so that long
work can poke out of the door rather
than run along thewhole front of the
bench. It also allows a littlemore space
behind the vice for a hacksawor longfile
to operate into

These quick tipsmight be new
to some readers.
• Why do some machine vices have
a Vee notch ground upright in the
fixed jaw? To grip round objects or

Small blackboards

2

Ceiling mounted reference charts

3

Bench vice angulation

4
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short sections of bar for drilling and
mill work.

• Apiece of cotton rag over an oil nipple
makes sure the oil goes into the
nipple rather than squirting down the
outside. Ridiculous as it sounds, this
dodgeworks remarkablywell.

• Sharpen a round centre punchwith it
held in a powerdrill and rotated against
the side of the grindingwheel. Best
results comewith the punch rotating
against the direction ofwheel rotation.
Point angles can be easily seen as
grinding proceeds and canbe adjusted
as necessaryduring the processwhich
takes justmoments to do.Automatic
centre punches, strippeddowntowork
on the hardenedpin, respondwell to
thismethod.

• To sawshapes fromaluminiumorbrass
sheet, oneitherametal orwood cutting
machine (with a suitable blade) put a
sheetofthree-plypackaging cardboard
beneath the sheet. It stops a lot ofthe
ear-splittingnoisemade if just sawnon
the table andtends to leave a cleaner
cutwithout it rattling about.

• Fine tooth slitting sawswork best
at nomore than 40-50 rpmwhile
feeding them steadily into the job.
Run them faster and theyvery quickly

blunt, get hot and distort andworse
still, may rupture.

• Aperfectly acceptable centre punch
can bemade from an offcut of rebar.
Being ofmediumhardness itwill need
sharpeningmore frequently or it can
bemade into a harder tool byheating
to red heat, quenching inwater, and
tempering to a light straw colour.

Recovering frommistakes
For an overmachined round object
intended tofit into a hole for, say, a
brazed joint, try raising the surface by
knurling before assembling the joint. If
you do not have ameans of knurling,
go around the outside diameter (O/D)
with a centre punch to raise up a series
of swellings around each punching. It
won’t centralise aswell as knurling but
maywell be good enough to recover the
situation and hold the joint together for
brazing orwelding.
In the alternative case where the

bore has been made too large, “adding
on” methods are not available, and
a different approach is needed.
Make a sleeve but be bold and fit
a thick-walled version that can be
anchored on the joint line by a locking
screw to prevent later movement.

Photograph 5 shows an internally
stepped sleeve, with locking feature,
fitted to correct a drilling mistake (not
mine) in a wheel spacer to fit a hub
with different bolting PCDs.
On a similar theme, to secure a parallel

locking pin across a joint that is just a
little too easy afit to grip firmly in the
hole, chop a notch across it at about 45
degreeswith a sharp cold chisel and then
tap it home.
An old and cheap dodge to remove

stubborn studs (a good example
might be to remove those holding
exhaustmanifolds) and after soaking
with penetrating oil, is to run two nuts
down on the accessible thread,with a
washer between them if space allows.
Tighten one hard up against the other
and unscrewthe stud using the lower
nut. Themethod takes up no space and
avoids the cost of a stud extractor tool.
Use an old turner’s trick to completely

remove the slightmismatch in surface
height after turning the job around in a
3-jaw lathe chuck to finish thework from
the other direction. At the very least it
spoils the job cosmetically and to hide
the feature, use a vee pointed tool to
machine a shallowgroove at the point of
mismatch to disguise it. If the job allows
it, turn others elsewhere on the piece
to reinforce the “decorative” aspect of
the disguise.Photograph6 shows an
example in theflange that has been
treated thisway.
I fasten housings or such things

that need bolting, startingwith one
hole, tapped, and bolted to secure it
beforemarking out the remainder by
using a transfer punch. It ensures the
job hasn’tmoved in themarking out
process. These are such useful tools in
theworkshop, and they can be bought
in sets ofmetric or imperial sizes. Being
long and of precise diameters, theywill
reach down accurately in drilled holes.
Photograph7 shows another use

for them as precision supports for low
profile items that needmillingwork
doing and are too short to get the
working surface above the vice jaws
when supported directly from thefloor
of the vice.

Some ideas learnt from
YouTube professionals
As thesewere demonstrated publicly on
open-sourcematerial, theywere clearly

Sleeved repair of mistake in hole location

5
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intended to be used byothers. But, even
so, it is courteous to acknowledge the
work of others and thefirst of these
is fromKeith Fenner ofTurnwright
Machine Shop in Cape CodUSA
To tame the upward spray of

unpleasantly sharp brass or bronze
chips on a lathe, he parks awide paint
brush on amagnetic holder to rest over
the lathe tool tip to interrupt the chip
path. I have reproduced hismethod in
photo8. It struckme as being especially
imaginative, delightfully simple, and of
negligible cost.
I have very recently seen the same

idea in use byAdamBooth (Aborn 79)
on bronze bushing. I imagine itwould
workwell on cast iron components too
to limit the spread of the dust generated
in turning the stuff. It is unlikely to be
useful on steel components, if the chips
don’tmelt the brush bristles, curly swarf
will probably strangle it and drag it onto
the job.
From Keith Rucker of Vintage

Machinery.org I would like to share
two of his ideas. He was taught the
first one as a trainee miller in the
late 1980s by an old hand as a quick,
elegantly simple, and reliable method
of centring a cutter over a bar or shaft
to mill out a keyway, without having
to take any measurements.
He demonstrated themethod on his

Kearney andTreckerModel H horizontal
mill, a newtoy recently acquired, but he
first spent some time enthusiastically
describing the control features of it!
A detail I liked at the timewas the
deployment of either one or both
overarm bar supports simultaneously
using a small diameter four-lobe
capstan on the side of themill, engaging
them selectivelywith a rack cut on the
underside of each bar.
On later reflection, I question the value

in deploying one overarm bar. The UK
equivalentwould be to use one side of
a dovetail overarm. I have seen another
example of thismodelwithout the
feature andwonder if that design has
been phased out.
Despite that andwithout anypictures

as thiswas aYouTubevideo,what follows
gives a fair description of themethod
he demonstrated. The componentwas
clamped down along one of the tee slots
in the table and thus parallel with the
tablemotion.

Transfer punches in use as precision spacers

Brush deflecting chip spray from brass/bronze turning work

An example of the vee shaped disguise

6

7

8
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Position the rotary cutter above the
end where the keyway is to be cut, run
the machine and raise the table with
the knee control to just touch the job
with the cutter. Traverse the job across
the cutter.
The newly cut surfacewill of course

bemuch narrower than that of the
cutter. Raise the knee a little, take a
further cut and sweep the job across the
cutter again. Keep doing this in small
increments of knee elevation until the
freshly cut surface can be seen to be
the samewidth as the cutter. Carefully
traverse the job back and forth so
that the two sides are as equal about
the cutterwidth as you can judge.
The human eye is remarkably good at
making such comparisons andwhen
you are happywith the result, lock the
traversemotion.
Wind the job away and raise the

table byhalf the keywaydepth. The
correct depth for a square form keyway
ismeasured from the edge of the cut
surface, not the first touch off. Now lock
the kneemotion, engage table feed, and
cut the keyway in one pass. In a busy
machine shopwhere time ismoney,
this is a sufficiently accuratemethod
for all but themost demandingwork,

adaptable to any shaftdiameter and/or
cutterwidth.
In anotherYouTube video Keith

examined the perennial subject of
tramming the head on a vertical mill. He
demonstrated on a Bridgeport, but his
method could apply equallywell to other
machines. He had a setting gaugewhich
featured a thick basewith a stout central
bar of about ten inches or so in height
fitted into it.
It had beenmadewith some care and

precision and he produced it from a felt
lined box, as befits a gauge requiring
careful storage.
In use the base sits flat on the clean

table surface, the knee is raised to bring
the gauge up close to the head and the
vertical quill of themachine is extended
down by some six to eight inches.
Offer the central stalk of the gauge up
to touch the quill over its length from
first one side and then the front. Any
discrepancy in tram alignment in the two
directions is revealedwith a good light
shining through from the rear and can
be corrected accordingly. Itwas quick,
simple, andmade a very convincing
demonstration.
I realise now, without having seen

this method before, it is the reciprocal

of the approach I favourwith a lathe
face or catch plate mounted onmill
spindle fitting hardware, pieces of kit
mostworkshopswill already possess.
In this variation, the plate is wound
down into hard contact with the clean
table surface. The head can be adjusted
quickly for alignment in both directions
at the same time, whilst maintaining
the contact pressure of the plate on the
table surface.
Photograph9 shows it in use. Here

again, a good light from the rear is
helpful for checking the table and plate
contact to spot anygap in the joint
between them.With thismethodyou
can avoid using anyprops at all on amill
having a large diameter quill and butt
the broad end face of the spindle directly
onto the table instead.
I have seen videosmade byone

Sheffield professional, DavidWilks,
ofTooltek, whomade his living
manufacturing long and large diameter
trepanning tools that involved tilting the
milling head as part of the process; he
made a feature of doing just thatwith a
Bridgeportmill. In this video he returned
a deliberatelymis-aligned tram back to
the engraved datummarks forvertical in
both directionswithinminutes.

Tram alignment aid

9
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These tools are serious special
purpose boring heads andwill hog
out an accurate hole down a 50-inch
length of big bar in toughmaterials
like nimonic and inconel while at the
same time producing a useful length
of “waste” core bar in the process.

Hundredweights of chips are produced
as thework proceeds.
In part two ofKeith’s demonstration,

hewent on to showthe bar and twin
DTImethod that seems tome to be
so laborious. It is also an expensive
accessory to keep for occasional use

and on amachinewith a narrowbed it
also needs a precision groundflat bar
available to check for alignment across
themachine bed.
Mainly out of interest I watched this

part of the demonstration to see how
hewent about it. In real time itwould
take something like 20minutes or so
to include all the checking required to
equate the DTImovements. I guess such
adjustmentswould be needed each time
it is used; the impression Iwas leftwith
was just howfiddly it all was.
He didn’t pronounce on the merits

or otherwise of the two methods he
had demonstrated, but I knowwhich
I prefer.
To finish, an oil filter sealingwasher

makes a very good spacer for any
lathework butted up against the chuck
jawswhen gripped internallywhich is
to bemachined up to the chuck jaws.
They are square edged, of precision
thickness, having been stamped out
fromneoprene rubber sheet andwill of
course stretch across the chuck jaws.
Photo 10 is a rather artificial staged

set up in Perspex sheet to show
the concept. An ‘O’ ring makes an
acceptable alternative. �

To avoid crashing the tool into the chuck jaws

10
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Scribe a line
YOUR CHANCE TO TALK TO US!

Readers!Wewant to hear from you! Drop us a line sharing your advice, questions
or opinions.Why not send us a picture of your latest workshop creation, or that
strange tool you found in a boot sale? Email your contributions to
meweditor@mortons.co.uk.

More OnOldWoodscrews
DearNeil, please see her a picture of awood screw. In our
ancient house (‘new’wing built about 1830) some of the
doors are of ‘Georgian’ era.
This screw is from one of the door hinges. I cannot

remember the year, butwood screwswere firstmade
without a point, like these, youwill note it has only a very
slight taper so a pilot holewould need to be drilled.
Itwas only sometime later, sorry don’t knowthe date,
when theywere able tomake themwith a point on so they
resemblemodernwood screws.
I hope this adds to the shared knowledge of the

discussion.

WilliamWaddilove, byemail.

Magnetic Attraction
DearNeil, I recentlyhadneedtomakea3 inchdiameter
discwitha2 inchdiameterhole in 1/4 inchAli plate.Using
theoutside jawsonthe chuck I neededtobringthewhole
piece forwardofthe jawstoenable a radiusontheoutside
diameter. I have setsofprinted jawpackers fromebay, but
theyonlyworkon inside jaws. Afterseveral goesatusing
someAli packingand it fallingout, I hadthe ideaofusingthe
small rare earthmagnets aspackers. In this case I usedtwo
oneach jawandnoproblemwiththemfallingout!

KeithBeaumont, byemail.

Bevel Correction
DearNeil, it looks like the gremlins got atMEWNo 331. On
p60&61 photos 15 & 18 are the same. The error is entirely
mine; photo 15 should have been as attached.

BobReeve, byemail

http://www.model-engineer.co.uk
mailto:meweditor@mortons.co.uk
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Readers Letters

International
Tips
DearNeil, I’ve always thought it a
little disappointing that the “Readers’
Tips” competition is restricted to UK
readers, only but is obviously implicit
in the limitations of redeeming the
voucher prize offered so I guess I’ll
just have to swallow the bitter pill
that I’m a victim of the tyrannyof
geography. Nevermind, I’ll offer this
tip for readerswhomayfind it useful...
want not, waste not: improve your
environmental re-cycling credentials
byvisiting your local library, say, or
even a large office complex. You
will find thatmany these days have
dedicated recycling bins for spent ink
cartridges. Take a close look, they can
yield some hidden treasure. Contained
inside the anonymous black/grey
plastic container are twovery handy
paddles/spiral paddleswhich can
be re-purposed for a paint-stirrer
(conveniently held in a pistol drill),
say or for the other, an agitator for
an electroplating or etching bath
- and driven by two useful plastic
gears at the endwhichmayfind use
inmodelling projects. The attached
picture illustrates the potential. So,
howdoyou get it out of its ‘jail-cell’?

Underno circumstancesmust
operations be performed indoors,
especiallynotyourhomenorevenyour
workshop (your secondhome!).Wear
PPE tomake sureyoudon’t inhale the
print powderorget it inyoureyes.All
workmust be undertaken outdoors on a
daywith a steadywindblowing; remain
up-wind at all times. Grab a hacksaw, a
single-handle ‘Junior’ type is ideal. Start at
the endwith the driving gears and keep
the cartridgevertical at all times. Start the
hacksawcut about an inch in fromthe
cartridge end, the objective being to cut
around the circumference, i.e. don’t be a
dummyand attempt a plunge-cut or else
you’ll ‘de-capitate’ theverythingyou’re
trying to retrieve; exercise due-care.As
youwill observe the periphery conforms
to the profile of the components inside
and therefor, a continuous cutwill not be
possible due to the presence of at least
a couple ofhairpin crevices. Nomatter,
proceed as far asyou can then switch
to a sharp and stiffcraftknife,making a
series of shallowstabbing cuts (the plastic
is softand thin) so as to join up the ends
of the interrupted hacksawcuts then
carefully slicing along the perforations
to break-through. Donot aggressively
yankthe core out (the inner components
are free-running in the cartridge case,
i.e. the shafts are not captive), instead
slowly liftout in a series of incremental

steps, tapping and shaking asyougo.
Once removed, a fewgentle taps on the
groundoreven a light dustingwith an
air jetwill dislodge any remaining black
ink-powder.Afewsquirtswith a garden
hose, and, Iwould suggest, set aside
and afterfinishingwashing the dishes
ordoing the laundry, bail out the soapy,
detergent-ladenwastewater into a
bucket andgive the paddles a good
scrubbingdownwith anold toothbrush
or sponge, afinal rinse then leave it out
in the sun to air-dry.
I hope this tip proves of use.

AndreRousseau,NewZealand.

Thanks Andre. International tips
are welcome, but Chester point out
that the costs of shipping to the
antipodes make vouchers from a
UK business something of a ‘white
elephant’ – Neil.
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It’sNotAll Tooling!
ContributorMurrayLane shares someexamples of long-termprojects
in hisworkshop.

Heisler bush locomotive.

The Gnome Monosoupape in 2017. In 2023, the engine is virtually complete.

Another view of the 1932 loco.

S tarting in issue 315, Murray
lane detailed his design for a
lever-feedMyfordTailstock.

We don’t normally covermodels in
MEW, but hopefully readerswill excuse
us for sharing thesemagnificent
examples built overfiftyyears ofmodel
engineering.
Thefirst is a 5” gauge 4-cylinder

Heisler bush locomotive of 1932,
photo 1. The original engineswere all
2 cylinders. The build timewas twenty
years from 1973 - 1993: It has 5 bogies all
ofwhich are connected by a geared shaft
drive shaft. Themodelwas designed and
built byMurray. Although a 4 cylinder
enginewas drawn up itwas nevermade.
This locomotive has pulled 14 adults and
a 7¼” locomotive up a continuous 1 in
100 grade,photo2.
The secondmodel is a 1/3 scale

18-cylinder GnomeMonosoupape
rotary aero engine (1913). Only one
experimental enginewas builtwhich
maynever have been run.
The build time so far is 30years to date

1993 – 2023. It is 324mm in diameter
andweighs 13 kgwhich includes the
standMurraydesigned and built the

modelwithwith very little information,
but it is an exact replica in all aspects.
Photograph3 shows progress around
2017, whilephoto4 shows the state of

play a fewmonths ago;whenMurray
estimated itwould take another 6
months to complete, hopefully before
the end of 2023.

2

1
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CompanyProfile
–WARCO

Twin Stromberg carburettor and manifold refurbishment.

Tim Ede

Russ with theWarco super major milling machine.

1

TimEde,Technical SalesManager,
photo 1.

When did you joinWarco?
I joined in June 2022, taking over from
the previous ownerRoger in the sales
and technical support role.

What’s your own background?
I had a 4 year fully indentured
apprenticeship from age 16, thenworked
in aerospace andmodmanufacturing
where quality and reliability of supply
were of key importance. I’veworkedwith
a specialist CNCmiller and turner, 3-4
axis, horizontal and vertical machining
and grinding. I’ve alsoworked as shop
floor supervisor, businessmanager,
managing director, salesmanager,
productionmanager, ownedmyown
business for 10 years.

Describe a typical day atwork
foryou.

What’s the best part ofyour
job?
I love supporting customerswithmaking
the right product choice for their unique
set of needs, and generally helping them
anywaypossible.

What’s so special aboutWarco
machines and doyou have a
personal favourite?
I think what’s really special
about Warco is its wide range of
product choice and the technical
support available to customers.
Our competitors may have similar
products, but they don’t have such
a wide range, or anything like our
level of support and aftercare. My
personal favourite is the WM290v.
Its all-round spec and size is perfect
for so many applications, from
light industry to model making and
hobbyist – it’s crazy value for what
you get!

Warco (also known in the past asWarrenMachine Tools, after its founder RogerWarren), is amachine tools company andUK
brand thatmanyof us are familiarwith. Establishedwayback in 1975 (when Rubik’s Cubes and bellbottomflareswere all the rage!),
theyhave been providing lathes, mills, drills andmuchmore to keen hobbyistswhowant high quality and goodvaluemachines
in their homeworkshops.We found outmore about some of the people behind the scenes atWarco and asked them about their
home projects too.

I’m usually speaking to customers,
supporting themwith technical advice
and product choice, dealingwith any
faults and queries of quality, aswell
as building quotations and processing
orders and payments. I work closelywith
the purchasing team to ensurewe have
continued availability/supply of ourmost
popular products from theWarco factory
– I neverwant to let customers down.
Whenwewere based in Chiddingfold,

Surrey, I would regularly bemeeting
customers and supporting them
with further technical advice in our
showroom. Nowthatwe’vemoved
down the road to a brilliant newfacility
in Passfield, I still meet customers, but
it’s by appointment only until the new
showroomopens in January ’24.
I also visit commercial and industrial

customers and educational facilities (like
technical colleges and universities) to
discuss full install packages and support
from start to finish.

32
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personal favourite?
I have followedWarco and theirmachines
forover20years, and I havevisited
manyWarco opendays and shows. I
have always liked the factwe are aUK
company, still going afterall theseyears,
supplying like-minded individuals.My
personal favourite ismyGH1322 lathe in
theWarcoworkshop. It’s such a nice lathe
to use and ergonomically correct forme.

You say this is your hobby too.
What equipment do you have
in your homeworkshop?
I have a full-blownworkshop at home
which covers most ofmymodel
engineering needs. I have amill (Warco
Minor - 1996 year ), lathe (Harrison 140
- 1965 year), a power hacksaw (Warco
- 1982 year - vintage!), aWarco sander
and grinder and various other gadgets
and gizmos!

Howmuch time doyou spend
in your homeworkshop?
Asmuch time as possible! In reality I try
to balancemyhome lifewithmyyoung
family, so thatmeans probablyone ortwo
hours a night through theweekandup to
eight hours across aweekend (maybe a
little less than this in the coldmonths!)

What are some ofyour home
workshop projects?
I am currentlyworking on a scratch built
1.5” scale traction engine based on the
Minnie engine,photo4. I also likemaking
pens fromvariousmaterials including
stainless steel, brass, aluminium, bronze
and titanium. I really enjoymodifying
motorcycles aswell, including a full nut
andbolt rebuild on aHonda CB400/4,
aHondaVFR400RR, and aTriumph
DaytonaT595. I’m currently about to start
aTriumphTrident 750.

So this is a personal hobby
foryou too.What equipment
do you have in your home
workshop?
I have aWarcowm18mill, linisher,welder,
Warco grinders,Warco 2b12pillar drill,
manymore power tools, air compressor
and air tools, andme!

Howmuch time doyou spend
in your homeworkshop?
I’ll be in there anything from two to six
hours perweek.

What are some ofyour home
workshop projects?
The refurbishment ofHillman imp,
including a full engine rebuild and
carburettors,photo2.

RussTyson,Engineer,photo3.

When did you joinWarco?
May, 2021

Describe a typical day atwork
foryou.
Atypical dayformeatWarcowill be in the
workshop, andusually involvesmaking
something,modding somethingorfixing
something! I canbemakingparts from
scratch,maybemoddingamachineto
haveaDROsystemorapowerfeed, orany
specificmodifications requestedbyour
customers. I alsofixoldWarcomachines
thatwe’veboughtfromcustomers to sell
onaspartofourpart-exchange scheme
andsecond-handoffering.Usually
oldmachines are still in goodworking
conditionbut justneed sometweaks.

Can you give an example of
what youmightmake from
scratch?
Ausual part tomakewould be base
plates for the lathes to fit rear tool posts
andmilling slides, made from a technical
drawing. I alsomake a lot of brackets and
spacers to fitmyDRO systems aswell.

What’s the best part ofyour
job?
The variety! Nearly every dayhas a new
challenge! Also, I get to domyhobby
every daybymanufacturing items on
the lathe andmillingmachine.

What’s so special aboutWarco
machines and doyou have a

Russ’s traction engine.4
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ImprovingA
Tangential Flycutter
Howard Lewis described several versions ofa tangentialflycutter inMEW
number316. Since thenhemade anumberof improvements.

The performance of themk4
tangential flycutter,photo 1,was
still not as good aswas desired, so

further thoughtwas given to thematter.
In the interests of simplifying

machining, the mk. 4 tool holder
had beenmadewith a full-length
trapezoidal shank. It seemed very likely
that this was a feature which could
allow the holder to tip and upset the
intended tool geometry.
Since thiswas effectively a right-

hand tangential turning tool for a lathe,
possibly a left-handversionwould solve
the problem?
Workwas put in hand to produce a

left hand toolholder, but bymilling at
compound angles, machining just a

Mk 4 tangential flycutter in use.

Widened slot in tool holder block.

short distance at the end of the holder
shank to a trapezium shape.
Thiswould entail widening the slot in

the tool holder block, to accommodate
a full¾” (19mm) square shank. So the
blockwasmilled towiden the slot. This
thinned the endwall, but still left a
thickness of¼”,whichwould still provide
an acceptable an acceptable thread
engagement of just over one diameter
for theM6 clamp screws,photo2.

Toolbit holder
Oncemade, it soonbecameapparentthat
usinga left-handtool holder,witha square
shankwhichwasonlytrapezoidal at the
end,wasnotthe solution, sincethetoolbit
couldnotbemounted in suchawayasto

producethe requiredtool geometry,whilst
maintainingthe requirementtokeepthe
cuttingedgeonthe centreof rotation.
So another, butmodified, right hand

toolbit holderwasmade up. Again, the

2

1
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Milling the angled flats. Staged picture of centring the tool holder.

Drilling clamp screw hole. Milling the slot for the toolbit.

rawmaterial for the toolbit holderwas
¾” square bar. Thiswas clamped in
the vice, which had been inclined at 12
degrees so that two opposite faces could
bemachined to produce a trapezoidal
section tool shank,photo3.
This time the trapezoidal section

was only 7/8” (22mm) long, to provide
clearance around the hole for the clamp
screwand its nut.
Having produced the shortened

angledflat, itwas centred under themill
for the hole for the clamp screwto be
drilled. Absolute positional precisionwas
not required so itwas done as shown in
the stagedphoto4.
Staged after theM6 clearance hole

had been drilled,photo5, because
I omitted to take the picture before!

According tomy calculations, the hole
should be drilled 0.454” (11.53mm) from
the end. The vicewas then rotated by
12 degrees in preparation formilling the
slot for the toolbit.
Themill table was repositioned by the

crudemethod of adjusting its position
in both axes until the drill could be used
as dowel that entered the hole quite
freely. This was then usedmas a datum
fromwhich to offset the¼” endmill to
ensure that the slot would break into
the hole. In this way, a flat on the clamp
screwwould bear against the toolbit,
preventing rotationwhilst the clamp
nutwas being tightened.
Care needs to be taken to ensure that

the slot ismilled on the correct face of
the holder!Photograph6.

Having completed themachining
satisfactorily, the hole and all edges,
were lightly deburred, ready for
assembly of the complete tool.

Setting the toolbit
Again, because of the angle at which
the toolbit is set, the protrusion from
the holder will affect the position of
the cutting edge from the centreline
if the arbor. As before, to set the
cutting edge of the toolbit close on the
centreline of the arbor it was set by
resting the shank on a 10mm parallel,
with the tool bearing against another
10mm parallel, whist clamped in a vice.
10mmwas the chosen protrusion to
maximise rigidity. This was calculated
to bring the cutting edge of the toolbit

3 4

5 6



Model Engineers’Workshopwww.model-engineer.co.uk30

The mk. 5 flycutter in use.

0.081” ahead of the toolholder, photo
7. The completed, and set, toolbit
holder is shown in photo 8.
The assembled flycutter was then

tested. It was set to minimum radius,
(1.75” or 44.5mm) and with the mill
running at minimum speed (90 rpm) a
trial cut, made with a depth of cut of
0.005” (0.125mm ) and a slow manual
feed. It was apparent that the cutting

action was improved, since much
smaller burrs, which soon fell off, were
produced, in addition to an improved
surface finish, photo 9.
Increasing the speed to 170 rpm,which

effectively decreased the feed per rev,
produced an even better surface finish.
Thefinal complete tangential flycutter
mk. 5, is shown, ready for use, is shown
inphoto 10. �

7 8

9

10

Using a parallel to set toolbit protrusion. The mk. 5 tangential flycutter toolbit holder.

Mk 5 tangential flycutter.
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Multi-Tools

StubMandrel gives a brief introduction to these handydevices.

IntroducingMulti-Tools

M ulti-tools live in an
interesting area between
machine tools and hand

tools. These tools are basically a
hand-held powered spindle, usually
with variable speed, and fitted with a
collet. The multi-tool name reflects the
bewildering array of different fittings
that can be used with them.
TypifiedbytheDremel brandtheyare

available in awide rangeof styles and
sizes fromslender low-voltageversions
toheftymains-poweredtypes.Anew
generationofhighpower lithiumbattery
poweredmulti-tools has recentlycometo
market, allowingtheiruse in inaccessible
places,photo1. Someofthe largermains-
operatedversions comewith aflexible
drive to a slenderhand-heldunit, allowing
the combinationofhighpowerwith the

abilitytobeused fordelicate tasks. Even
smallmulti tools canhave considerable
torque, so take care tohold theworkpiece
securelyandkeepagoodgrip ofthe tool.
Movethe toolbit steadilyacross thework
andavoid excess pressure or staying in
the same spot too long.

Accessories
Whenyou buy amulti-tool itwill
probably comewith a selection of
different tools, usuallywith 1/8 inch
(3.2mm) shanks. Examples of different
tasks these tools arewell suited to are:

Metal Cutting
Various types of cut-offwheels are
available. The very thin, brown carbide
wheels are excellent for cutting small,
hardwires but are rather fragile and it’s

not unusual to get through several on a
larger cutting task. That said, the ability
to cut hardmaterials in inaccessible
places is probably the greatest benefit
a multi-tool brings to anyworkshop.
More robust fibreglass reinforced
wheels, photo 2, can be used for jobs
like cutting through seized-on bearing

This lightweight lithium-battery powered multi-tool from Dremel is an example of recent innovation in multi-tools.

1

Reinforced cutting discs are thicker but
more robust than the brown carbide type.

2
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races or even rough-shaping and
cutting high-speed steel tools.

Drilling
Tiny carbide drills with 1/8” shanks are
often included in sets of accessories
and are excellent for drilling printed
circuit boards, but must be used with
some form of drill-press accessory
– they are far to fragile to be used
hand-held. In contrast, many people
have had more success using a small
chuck (they screw onto the end of the
spindle in place of the collet closer) to
hole small diameter HSS drills. Down to
diameters around 1mm it is possible to
use HSS drills hand-held with care.

Cleaning and Polishing
Most accessory sets contain a variety
of brushes and felt polishingmops and
points (which oftenfit on a screw-ended
‘mandrel’,photo3. Brushes can be
steel, brass orvarious types of plastic,

photo4, and you need to choose the
right one to suit thematerial you are
working -beware of using steel brushes
on aluminium alloys as they can embed
small steel particles that later rust
and spoil the job. Felts are best used
with polishing compound, this is often
supplied in small containers but you can
also get excellent results onmanymetals
and hard plastics byusing automotive
chrome polish.

Grindstones
Althoughmany accessory sets include
an assortment of different coloured
grindstones, these are often not as
useful as they look. Generally speaking,
they aren’t up to larger sharpening tasks
which are better carried out by taking
thework to a bench grinder, but they
can be useful for things like removing
mouldingmarks from castings. Ideally

a setwill indicatewhatmaterials each
colour of stone is best for, but if you have
to experiment unsuitable stoneswill
reveal themselves by rapidly losing their
shape.

Sanding Drums
Aluminium oxide sanding drums are
intended for usewithwood, but they are
actually really effective on steel, cast iron
and aluminium alloys, both for cleaning
up castings and for blending corners
into neat curves. If you run the tool nice
and fast and don’t force it the drums are
surprisingly long-lived and oftenmore
effective than grind stones as theyhave
a coarser grit-size and cut faster.

Burrs and Rasps
Photograph5 shows a selection of
these tools. The coarsemetal rasps are
best used onwood and softplastics
-with care as they can removematerial
at a startling rate! In contrast, diamond
studded points can be used for delicate
work on hardmaterials, even engraving
glass. One particularly useful task for
such burrs is cleaning upfine details on
iron castings,photo6.�

Rotary rasps and diamond coated burrs.Polishing compound and ‘mops’.

3

Steel and brass brushes. Nylon brushes
are suitable for more delicate materials.

4 5

Using a venerable ‘Woolworths’ multi-tool and diamond files to tidy up iron castings.

6

Multi-tool Safety
Being hand-held, it is easy to break
tools in thesemachines – cut off
wheels and drills in particular, but
also brushes can throwwires in
unexpected directions and even small
grinding stones can shatter if they
are damaged. It is therefore essential
towear good quality eye protection
when using anymulti-tool. Use a face
maskwhen doing any task thatwill
produce dust and ensure you have
goodventilation. Finally, somemulti-
tools can run very fast – always check
that you do not exceed themaximum
safe speed for any tool.

http://www.model-engineer.co.uk
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Squaring the Circle
GrahamMeekmakes some custom gears to solve
a handwheel conundrum.

Itook delivery ofmyEmcoMaximatSuper 11 in 1986. At that time thiswas
only one of two lathes in themodel

engineering world that came with a
handwheel dial as standard. The other
being the Myford 254 lathe. Having
this luxurywas something I had grown
up with in industry, but the 19mm per
revolution graduation was a bit of a
disappointment. Nonetheless I soon
became used to some quick mental
arithmetic to get all those desired
dimensions above 19mm that I wanted.
There had always been an intention
to remedy this shortfall but somehow,

I never seemed to get around to
it. Matters came to a head thirty
years later when a series of mental
arithmetic mistakes, which resulted in
several scrapped components forced
my hand.
Thinking tomyself, thingswould be a

lot simpler if thiswas awhole number, or
even 25mmper revolution. Preliminary
sketches soon showed that the 25mm
dial versionwas going to need a dial
nearly as big as the Emco handwheel,
so nomoreworkwas done on this
design. Thiswas a pity because this
would havemade an ideal base for a 1”

dial version for those readerswith an
Imperial versions of this lathe. The next
design routewas tomake the newdial
read 20mm.Thiswouldmean a simple
reductionwith-in the dial which had a 19
to 20 ratio, or numbers thereof.
However, thatwas until I decided to

check the actual carriagemovement
for one complete turn of the dial. I
was a little surprised to find that the
actual distance travelledwas 18.97mm.
Given the countless thousands of jobs
completed, manyon a commercial basis,
this error had never once scrapped a
component. Evenwhen the dial had

Carriage handwheel and dial just visible.

1
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Squaring the Circle

been used tomeasure off lengths
involvingmultiple turns. It did somewhat
put a “stone in the ashes” as regards
my simple 19 to 20 ratio though. Of
course, I could have just left it at that,
but the opportunity to get it rightwas
beckoning and I do so love a challenge.
The existing dial sits directly on the

handwheel boss, with the face of the
dial in close proximity to the apronwall.
This can just bemade out inphoto 1.
Although this photographwas originally
taken to showmyversion of Jacques
Maurel’s quick retracting screw cutting
attachment. In the Emco design the
handwheel is used to transmit the drive
via awoodruffkey set into the pinion
shaft and any endfloat is eliminated
via a Symonds, orNyloc nut on the
exposed end of that shaft. The dial is free
to rotate on the handwheel boss, but a
semi-circular spring set into an undercut
in the handwheel boss, provides friction
on the dial whichmeans it is possible to
zero the dial at anypoint and the dial will

stay put. That is provided attention is
paid to the endfloat. Slight up and down
movements of the handwheel during
travel can cause the dial to rub the apron
wall if the endfloat is too great. This
rubbing can alter the dial as I had found
out once tomy cost. Itwas in this space
that I alsowanted to incorporate a radial
ball bearing race to eliminate this slight
up and downmovement brought on by
30years ofwear. Therewas never going
to be an easyway to incorporate all that
I wanted to in the existing envelope. This
was beginning to feel as though Iwas
trying to “square the circle”, i.e. trying
to do a very difficult or impossible task.
Finally, I managed to square the circle as
can be seen inphoto2.
Eventually aftermanypermutations

I found that a 37-tooth gear driving a
39-tooth gear gaveme a near perfect
ratio. The theoretical distancemoved
for one revolution of the dial would give
19.995mmof travel, somewhat nearer
than the standard set-up. The only

problemwith this ratiowas the need
tomesh both gears using a common
idler gear. The readerwill see from the
General Assembly, (GA), that these gears
are co-axial. Two standard gears could
nevermeshwith one idler. The only
solution is to increase or reduce the PCD
of one of the gears. Given the design
constraints, reducing the 39-toothwas
not really an option, the only alternative
was to increase the 37-tooth gear.
The problem is that this is only usually

done in industrywith the use of a gear
Hobbingmachine, or unless you own a
Jacobs gear hobber. As I do not possess
any form of gear hobbingmachine,
this needed a different approach. I
have always been comfortable drawing
gear tooth profiles for standard gears
andmakingmyown single point gear
cutters from these drawings. However,
where to startwith an increased PCD
gearwas something Iwas not familiar
with. The timewas ripe for a perusal
throughMachinery’s Handbook, (or

Handwheel with new dial.

2
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the ‘Engineers Bible’). Sure enough, in
the “Gearing” chapter, under a section
headed, “Circular thickness of tooth
when outside diameter has been
enlarged”, page 677 of the Fifteenth
Edition. I foundwhat Iwas looking for.
This section gives the formula:-
t = p/2 + e tan∅
Where, t = Tooth thickness, (at new PCD)
p = Pitch diameter of standard gear
e =Amount the outside diameter is
increased over standard gear.
∅ = Pressure angle
Using the above formula, it is possible

to drawthe required gear and thosewith
AutoCad or similarwill find it dead easy.
Perhapswith the Editor’s indulgence

a few simple notes on how I draw
these might bewelcome, as this is not
something I have seen in article form,
but I am always ready to be corrected.
The first thing to do is to draw the
PCD of the new gear,fig. 1. Which is
the same as the 39-tooth gear, using
the “Circle” command.Which in this
instance because I chose 32 DP for
my gears is 1.2188” or as I choose to
work in metric units this becomes
30.95mm. This circle is drawn aswell,
as a circle on the same centre for the
outside diameter, (OD), which again is
the same as the 39-tooth gear. After
conversion this should be 32.53mm but
I ignored the 0.03 as it is insignificant,
and it makes for a simple OD of
32.5mm. Avertical line or vector from
the circle centre to the OD is drawn
next, (I usuallyworkwith the Ortho
“on”, this ensures automatic verticals
and horizontals). A further vector is
needed in the top right quadrant, (or
approximatelywhere 1 o’clock should
be). This can be easily achieved using
the “rotate” command on the drawing
package and rotating our already drawn
vector. The angle to move through is
the pressure angle chosen, (PA).Which
in this instance is 20 degrees and this is
a minus quantity otherwise the vector
will rotate anti-clockwise, instead of
clockwise. Next draw another vertical
vector to the OD from the circle centre
to replace the one just moved.
The next thing required is the “base

circle” size,fig. 2. A point on this circle
forms the basis of the gear tooth
“Flank” radius.
Again this can be found inMachinery’s

handbook and it is:-

Bc = pcos∅
Where, Bc = Base circle
p = Pitch Circle Diameter
∅ = Pressure angle
This is not how it is written in my

edition ofMachinery’s, I have purposely
altered this formula to keep some form
of continuity going in this article and
thereby avoid confusion. Also the PCD
in this case is for a standard 37 tooth 32
DP gear. If the PCD of the 39-tooth gear
is used it will cause fouling. As basically
wewould be drawing a 39-tooth form,
but there would be only 37 of them, if
that makes sense. I have drawn this to
show the difference, drawing 1. The
readerwill see the two extreme corners
of the 37-tooth gear foul, this is because
the teeth are further apart. The product
of the above equation in this instance
is 27.58mm. A circle is now drawn on
the same centre with this diameter.
Where the 1 o’clock, or PAvector
crosses the base circle is the centre of
the gear tooth flank radius. The length
of this radius is the distance from this
intersection, to the intersection of the
vertical vectorwith the PCD. A circle is
now drawnwith this radius, which is
5.35mm. This is also the radius of the
cutter needed tomake the single point
gear cutter, ie 10.70mm diameter. This
is not an easy cutter size, but more on
this later. The gear tooth form does
look odd, but this is basically the same
part of the involute curve used on the
standard 37-tooth gear. It is that in this
instance the curve being used is a little
further away from the Base circle than it
would be for a standard 37-tooth gear.
Using the “Offset” command the

Whole depth of the gear tooth can be
determined, thiswill givewhat is known
as the “Root” diameter,fig. 3. This is
the total of the “addendum”, the part of
the gear tooth above the PCD and the
“Dedendum”, the part of the gear tooth
belowthe PCD. OnDPtooth forms the
addendumon a gear is 1/DP and the
dedendum is 1.157/DP. The dedendum is
always a slightly larger dimension. The
reason being there needs to be clearance
for the OD of themating gear tooth, the
provision of a radius at the root flank
intersection for strength and some space
to allowdebris or excess lubricant to
go.metric orMOD, (short formodule),
gears are easier inmyopinion in that the
addendum is equal to themodule and

the dedendum is equal to themodule
times 1.157.
So for these DPgears thewhole depth =
2.157/DP.
The product of this ratiowill be in

Imperial units, so to get to ametric
dimension divide by0.03937 and this
gives a dimension of 1.71mm, but again
I am going to ignore the 0.01mm, so the
offset command is for 1.7mm. Selecting
the OD and biasing to the inside of the
OD circle, the root diameterwill appear.
Using the “trim” command select the OD
and root diameters. Remove all of the
flank radius circle except for the portion
that passes through the PCD on the
vertical vector.
At this intersection drawa circle that

represents the tooth thickness, t,fig. 4.
I have added an enlarged view if this
drawn atfive times full size, (5xFS).
From the above formula for the tooth
thickness this gearworks out at 1.19mm.
Drawa further line fromwhere this circle
cuts the PCD on the lefthand side of
the vertical vector to the circle centre.
Measure the angle between this line
and the vertical vector, (2.22 degrees,
two decimal places are plenty accurate
enough for thismeasurement). Make a
note of this angle and select the rotate
command. Select the flank radius as
the entity to rotate, select the circle
centre as the rotation point. The angle to
rotate through is that noted. Theflank
radiuswill thenmove to its newposition
at the tooth thickness circle and PCD
intersection,fig. 5.
Using the “erase” tool remove the

last line drawn, the PA vector and the
base circle. These will only get in the
way shortly. Alternatively the reader
might like to use the “copy” command
and copy the whole view before
deleting the above. That way there
is always a drawing of the original
path preserved for future reference.
Using the “mirror” command select
the flank radius and mirror about the
two ends of the vertical vector. This
command usually asks if the source
is to be deleted, yes or no, press N
and enter. The opposite flank of the
gear tooth appears as if bymagic, fig.
6. Then using the “array” command
and selecting a “polar array” select
the two flank radii. Next select the
circle centre as the polar origin and
enter the number of arrays, 37. Do a
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“preview” to make sure the whole of
the circle has been filled. If it has not
filled the whole circle, check the “angle
of fill box” this should be 360 degrees.
Once satisfied with the preview it is a
simple enter keystroke for the teeth to
become permanent, fig. 7. Using the
trim command select three adjacent
flank radii. Click to remove all of the
root diameter except that portion
between the two adjacent flanks. Use
the same approach on the OD leaving
just the portion between the other
two flank radii, fig. 8. Using the polar
array command and just selecting the
portions of these remaining diameters
and doing a 37 array again, the gear will
then complete itself, fig. 9.
In order to acquire the profile for

the flycutter it will be necessary to get
a tooth space on the vertical vector
where there is currently a tooth profile.
This is easily done by drawing a line
from the “midpoint” of a root portion

fig. 12. Now draw a vertical line from
the end of the vector, the length is
immaterial. This represents the cutter
centre-line. Using the offset command,
offset this line either side by 1.6mm.
Which is near enough for a⅛” square
tool blank. Select these two new lines
with the “extend” command and then
click on the exposed ends of the flank
radii in turn. Using the trim command
select the two flank radii and trim off
the portion of the “toolbit” that is in
fresh air as well as the PCD. The original
vector can now be erased. Because
the flank radius is an awkward size
nowwould be a good time tomake
this more manageable. Mark the flank
radius centre using the “centremark”
button. Draw a line from the PCD line
on the flank to the flank radius centre
mark. At the PCD end of this line draw
a circle 10.50mm diameter. Erase the
two flank radii.Where the 10.50mm
circle crosses the line from the PCD to

of one of the adjacent gear teeth on
the right-hand side of the vertical
vector to the circle centre, fig. 10. A
slight deviation, to get the midpoint
either “tune” the cursor settings,
or by entering “mid” in keystrokes,
plus “enter” before selecting the line.
Measure the resultant angle, (4.86
degrees) and again make a note. If a
rotate command is now done selecting
the whole gear as the entities and the
circle centre as the origin. Entering the
noted angle and pressing enter should
see the whole gear rotate and the last
line drawn become the new vertical
vector, fig. 11. Erase the old vertical
vector this will serve no purpose from
now on.
Again using the copy command select

the newvertical vector, the two flank
radii straddling this line, the PCD and
the portion of root diameter connecting
the two flank radii. Move these copied
items to a fresh part of the drawing
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Drawing 3

16T 32 DP

Modified
37T 32 DP

Drawing 2

the centre mark draw another circle
10.50mm diameter. Erase the first
10.50mm circle, the line joining the PCD
to the centre mark as well as the centre
mark. Using the extend tool select the
10.50mm circle and extend the root
diameter towards this circle as well as
the side of the tool bit.With the trim
tool select the side of the tool bit and
the root diameter. Trim the circle away
outside these lines. Using themirror
function select the newflank radius and

mirror this about the tool bit centre line.
To complete this view the root diameter
and tool bit side need extending to
the newflank radius. Choose a new
layer for dimensions and dimension
the radius. This should automatically
insert the radius centre mark. If not use
the centremark button.Working from
this centre mark insert the coordinates
from here to the centre-line of the
toolbit and to the end of the toolbit. My
drawings of the flycutter profiles for

each gear gives the general idea. These
dimensions will be needed formaking
the cutterwhich I shall explain a little
later on.
This concludes how I drawmygears

and it hasworked faultlessly forme over
the years. Thismaynot be the approved
method, but like arithmeticwe all have
differentways of arriving at the answer.
Drawings2 and 3 give an enlarged view
of the gears inmesh.

l To be continued
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On the
NEWS from theWorld of

Engineering

FerrozincRelaunched
direct fromHMG’s website or their
nationwide distributor network. If you
require further information, contact
marketing@hmgpaint.com.

HMGPaints, amanufacturer of high-
quality coatings and paints, has
announced the relaunch of Ferrozinc,
a revolutionarywater-based rust
converter.With its exceptional
performance and ease of use, Ferrozinc
is a go-to solution for rust conversion in
areaswhere shot blasting, or complete
rust removal is impractical or impossible.
“Ferrozinc has been a popularproduct

forour customers for a numberofyears
andwe’re proud to introduce the new
250ml size” commented JamesBurton of
HMG. “It’s such a handyproduct forusers
in a numberof industries fromdecorators
and industrial applicators to agricultural
and classic vehicle restoration.”
Traditionally, rust removal has been a

laborious and time-consumingprocess,
involving hours ofwire brushing orthe
use of strong acidic chemicals that pose
significant safetyhazards.WithHMG’s
Ferrozinc rust converter, however, this
arduous taskbecomes a thing of the past.
This is the perfect solution to anyone
working in the decorative or industrial
markets, and even classic car enthusiasts!
Users only need to remove loose

debris and poorly adhered surface
rust, followed by a degreasing step to
eliminate any contamination thatmay
interferewith the chemical reaction.
Afterward, a thin coat of Ferrozinc is
applied to the rusted area, andwithin
30minutes, the surface transforms
into a black/navy colour, indicating the
successful rust conversion. Any excess
product can be easilywiped off, and
after just +3 hours, the treated surface is
ready to be overcoatedwith the user’s
preferred coating system.
Ferrozinc’swater-based formulation

not only provides excellent rust
conversion properties but also ensures
a lowodour, making it amore pleasant

and user-friendly option compared to
solvent-based alternatives.
Ferrozinc is available in 250ml, 1

Litre or 5 Litres and can be purchased

http://www.model-engineer.co.uk
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On TheWire

2024MidlandsGardenRail Show
The 2024Midlands Garden Rail
Showwill take place on Saturday 2nd
& Sunday 3rdMarch again at the
Warwickshire Event Centre.
This eventattractsnearly2,000

enthusiasts fromall overtheUKandoffers

visitors theopportunityto see layouts
in the largergaugesandscales including
Gauge 1,OGauge,GScale andmore.
Once visitors have been inspired to

build their own layout, they can visit
nearly forty specialist suppliers at the

showwho are more than happy to
guide them in the right direction of the
best product to purchase.
Toseemore informationonexhibitors
attendingandtobookticketssee
www.midlandsgardenrailshow.co.uk

http://www.midlandsgardenrailshow.co.uk
http://www.midlandsgardenrailshow.co.uk
mailto:camess@mortons.co.uk
http://webuyanyworkshop.com
mailto:andrew@webuyanyworkshop.com
mailto:david@quillstar.co.uk
mailto:sales@m-machine.co.uk
http://www.m-machine-metals.co.uk
mailto:Mickscat@hotmail.com
mailto:camess@mortons.co.us
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Workshop Tales

TalesfromtheWorkshop
James C. “Uncle Jim”Crebbin

a seminal role in establishing our hobby, alongwith Percival
Marshall, who founded our sistermagazineModel Engineer
magazine in the sameyear.
‘Uncle Jim’ Crebbin as hewaswidely knownwas tireless in

promoting and supporting the hobbyofmodel engineering
andmade friends in societies across the UK and around the
world. Likemanyof us, hewas not an engineer byprofession,
but hewas fascinated by steam locomotives. Over a lifetime
in the hobbyhemademany freelance designs, beingmore
interested in innovation and experimentation thanmaking true
to scalemodels.
In 1903hecompletedthe loco ‘CosmoBonsor’, namedfor

his friend, abrewer, politicianandhighlysuccessful railway
businessman.Thiswasa4½”gaugeAtlanticwith fourcompound
cylinders,photo2. In fact, henamedmostofhis locosafter
railwaymanagerswhowereamongsthispersonal friends.He
knewmanypeopleonthe railways fromdrivers andfiremento
greatdesigners suchasG. J. ChurchwardandSirNigelGresley.
This is only the briefest of recaps of his life; more detail can

be found in Roger Backhouse’s book ‘The remarkable Jim
Crebbin and his experimental locomotives’ andAnneHatherill’s
briefer document ‘James Charles Crebbin: an extraordinary
model engineer’. �

Cosmo Bonsor in the 1920s (Anne Hatherill/SMEE).

Mr. James C. Crebbin in his workshop overhauling his model
locomotive ‘Aldington’.

In 1950 an obituary by J Nevil Maskelyne inModelEngineermarked the passing of one of the ‘small number
of distinguished enthusiastswho got together, early in

1898, for the purpose of founding the Society ofModel and
Experimental Engineers. James C. Crebbin,photo 1, was
probably the last survivingmember of a group that played

1

2
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Tilting Table

Mike Cox explains howtomake this useful sub-table for usewith a tilting vice.

ATilting
MillingTable

On one occasion Iwanted to
machine a vee groove in a piece
of steel. The piece had a number

of projections on the back thatmade it
difficult to clamp securely inmytilting
vice due to the narrow jaws. I ended up
making several special packing pieces
to get a stable clamping in the vice jaws
andwas able tomill the vee groove. After
I hadfinished the job, I started thinking
howmuch easier the jobwould have
been if I had a tilting tablewith tee slots.
With a few clamps and some jacking
screws in theworkpiece itwould have
been very easy to set up.
I started to think aboutmaking a

tilting table from scratch. I even started
to drawup a tiltingmechanism and it
suddenly occurred tome that I already
had the tiltingmechanism in the tilting

12.50

50.00

100.00

12.50

1
1
.0
0

1
1
.0
0

5
0
.0
0

3 off M5
clearance holes

6 off csk. M5
clearance holes

Fig 1. The Base Plate
Mat’l: 6mm steel plate

1
0
0
.0
0

The base plate
The base plate,fig. 1, wasmade from a
100mmsquare of 6mm steel cut from a
100 x 6mmbar of EN3 steel. The piece

vice and all I really neededwas a tee slot
table that could be clamped in it.
Thefinished tablemounted in the

tilting vice is shown inphoto 1.

The table mounted on a tilting vice.

1
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was cut slightly oversize, and the cut
edgeswere squared up on themill. This
was carefullymarked out as shown in fig.
1 and hole positions centre punched. The
holeswere drilled outwith a 5mmdrill.

The tee bars
The tee bars,fig.2, weremade from
10mmthick steel bar. Unfortunately I
onlyhad some 150 x 100 hot rolled bar
available, so I used this for the bars. For
the central bar I cut of a 39mmwide
slice fromthe barwith the bandsawand
I removed 24mmfromeach end. This

was set it up in themill vice. After careful
levelling the edge of the barwas cleaned
up using an 12mmendmill. The barwas
turned around in thevice and carefully
levelled again and alignedwith themill
table axis. The barwasmachined to
the requiredwidth of 37mm.The cutter
heightwas set to cut a 5mm rebate in the
edge of the bar. Taking small cuts a 5mm
deep rebatewas thenmachined. The bar
was turned over again and a 5mm rebate
cut on the other edge. The holeswere
not drilled in the tee bar at this stage. The
finished tee bar is shown inphoto2.

The two tee bars for the edge of the
tableweremade in a similar fashion
starting from a 26mm slice ofmaterial
cut from the hot rolled bar. Thesewere
trimmed up in themill adjusted to the
correctwidth and a 5 x 5 rebate cut from
one edge. Two of these edge tee bars
weremade.

The vice grip bar
The vice grip bar, fig. 3, was a 100mm
length cut from some 12 x 25mm bar
stock. The holes were not made at
this stage.

1
0
.0
0

1
0
.0
0

5
.0
0

5
.0
0

24.50

5.00

Drill
& tap M512.50

37.00

5.00

18.50
M5 clearance

Fig 2. The Tee Bars
Mat’l: 10mm steel x 100mm

Underside of the central tee bar.

2
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Tilting Table

12.50 12.50

50.00

1
2
.5
0

2
5
.0
0

3 off M5 clearance holes with counterbore

Fig 3. The Vice Grip Bar
Mat’l: 12mm x 25mm steel bar

100.00

Assembly
The critical part ofmaking the table is
assembly process as it is important for
the tee slot bars to be parallel with each
other andwith the edge of the plate.
Before starting the assembly, I made
up a 7mmwide spacer bar by cutting
a slice from the 9mm offcut from the
hot rolled 10mm bar and thenmilling

it down to 7mm on both faces. The
components are assembled together as
shown infig4.
The base platewas set up vertically

on a surface platewith the holes that
are 12.5mm from the edge parallel to the
surface plate. I used a 90 degreewelding
magnet to hold the plate vertical. One of
the side tee barswas then placed next

Base plate

Vice grip bar

7.007.00

Tee bars

100.00

Fig 4. Assembly

to the base plate and clamped to it using
small toolmakers clamps ensuring that
the edge of the baseplate and the edge
of the barwere parallel. The assembly
was then removed from the base plate
and the hole positions in the base plate
spotted through onto the tee barwith
a 5mmtransfer punch. The edge and
the barweremarkedwith a felt tip
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marker to ensure that theywould be
assembled back together in the right
orientation. The tee barwas removed,
centre punched at the spotted locations
and then drilled outwith a 4.2mm
tapping drill. The holeswere tappedM5.

After cleaning up the tapped holes the
tee barwas attached to the plate using
temporaryM5 socket head screws.
After checking that the two edgeswere
parallel the assemblywas returned to
the surface plate and themiddle tee bar

was placed above thefirst tee barwith
the 7mm spacer bar between to ensure
the correct spacing and that themiddle
barwas parallel to the first bar. The
middle barwas clamped in position and
the assembly removed and the holes
in the base plate spotted through to
the tee bar. The tee barwas then drilled
tapped andfixed to the base plate. This
procedurewas then repeatedwith the
last tee bar.
The vice grip barwasmarked out,

drilled and counter bored to accept
30mm socket head screws. The
temporary screwswere removed from
themiddle position of each tee bar and
the vice grip barwas attached using
30mm socket head screws.
The temporary screws were

removed from the outer edge of each
of the tee bars and the holes on the
base plate side were countersunk to
accept 20mm countersunk screws.
These screws were inserted and
tightened down securely.

Finishing
The assembled tee slot tablewas fixed
in bench vice using the vice grip bar and
the screws protruding from the tee bars
were cut offusing afine hacksaw.
The table was next mounted in the

standardmill (not tilting) vice and
tapped downwith a hammer to ensure
that it waswell seated on the jaws.
Using an endmill the edges of the
table were cleaned up. The top surface
was thenmilled to ensure that it was
completely flat all over. I did this using
a carbide tippedmilling cutter. This
quickly removed the blackmill scale
from the hot rolled bar and levelled
the surface but the finishwas not very
good. The top of the finished table is
shown in photo 3. As a final attempt to
improve the finish I rubbed the surface
gently on abrasive paper stuck down
on a granite tile. In retrospect it would
probably have been better to use a
moremachinable steel than hot rolled
steel for the tee bars as this would
have given a better surface finish.
Photograph4 shows the vice grip bar
on the underside of the table.

Conclusion.
I have used the table on several
occasionsmounted inmytilting vice and
it has proved effective and stable. �

Upper surface of the table after milling.

3

Underside of the table showing the vice grip bar.

4
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FromtheModel EngineerArchive
To celebrate 125 years of Model Engineer magazine
and the Society of Model and Experimental Engineers,
each issue in 2023 features fascinating historic content
from Model Engineer relevant to workshops, tools or
techniques. This month we present something a little
different. It’s the cover of the very first issue and the
first page of Percival Marshall’s introduction to his new
publication, Volume 1, Issue 1, from January 1898.
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anything youmight need foryour
modelling activities.
This year we will see the return of

our lectures which will be presented
by Model Engineer and Model
Engineers’ Workshop to celebrate
their joint 125th anniversary with The
Society of Model and Experimental
Engineers. SMEE will be having a
super-sized stand featuring models
and tools from across its history.
There will also be live demonstrations
of 3D printing by MEW Editor, Neil
Wyatt daily.

Model Engineers’Workshop
andModel Engineerat the
MidlandsModel Engineering
Exhibition
Morenews about the SocietyofModel an
Experimental Engineers at the forthcoming
exhibition atWarwickshire Event CentreThursday
12th to Sunday15thOctober2023

As regular readerswill be aware,
Model Engineers’Workshop
and its sister publicationModel

Engineer are teaming upwith the
Society ofModel and Experimental
Engineers to celebrate our joint 125th
birthday in 2023. Tomark the occasion
wewill be attending theMidlandsModel
Engineering Exhibition, organised by
Meridienne Exhibitions.

News fromMeridienne
We look forward towelcoming you to
the 2023MidlandsModel Engineering
Exhibition, sponsored byEngineering
inMiniature –One ofThe Premier
Modelling Events in the UK.
Wewill have hundreds ofmodels on

display including locomotives, rolling
stock, traction, stationary and hot air
engines, boats, alongwithworkshop
equipment and clocks – virtually every
interest will be represented. There will
be over a thousandmodels on display
for your enjoyment on nearly 30
club and society stands as well as the
competition and display classes and
outside steamers.
This yearwe have the newly

completed 10¼ inch gauge LNER P2
built by JohnWilks - “CockO’ TheNorth”
on display foryour enjoyment.
Therewill also be a full complement

of specialist supplierswith nearly 40
companies being represented so, in
addition to viewing themodel displays,
you’ll be able to purchase virtually

See ourwebsite to book tickets, for full
competition details or further details of
the showand exhibitors present.
We hope that youwill join us and enjoy

the exhibition, meet old friends and
make newacquaintances.

http://www.model-engineer.co.uk
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MMEX is Coming

TheMeridienne Team
Specialist Suppliers at the Exhibition

ABBOTSMODELENGINEERING
Stand: 6

AEROSPACESURPLUSTOOLS
Stands: 50+51

ALUTIGHT/PERMAGRIT
Stand: 59

ARISTOCRAFTCOACHES/
TRAIN4RAIL
Stand: 83

BBENGINEERINGSUPPLIES
Stands: S1+S2

BEUGLERPAINTPINSTRIPING
TOOLS
Stand: S6

BLACKGATESENGINEERING
Stands: 81+82

BRUSHES4MODELS
Stand: S8

COLLEGEENGINEERINGSUPPLY
Stand: 22

CMDEngineering
Stand: 37

CuPALLOYS (METAL JOINING)
Stand: 2

THEENGINEERSEMPORIUM/L.A.
SERVICES
Stands: 58+61

GLOFORCE
Stand: 60
HJHTOOLING
Stand: 56
HOMEANDWORKSHOP
MACHINERY
Stands: 78+79
JB CUTTINGTOOLS
Stands: 42+43
KEITHROBINSONENGINEERING
TOOLS
Stand: 36
KONTAXENGINGEERING
Stand: 57
LIVESTEAMMODELS
Stand: 53
MAMOD
Stand: S5
MINIATURERAILWAYWORKSHOP
Stand: 6
MODELENGINEERSLASER
Stand: 80
MODELENGINEER&MODEL
ENGINEERSWORKSHOP–
MORTONSMEDIAGROUP
Stand: 66
MYFORD
Stands: 38+39

NOGGINENDMETALS
Stand: 63

PNPRAILWAYS
Stand: 21

POLLYMODELENGINEERING
Stands: 7-10

POWERCAPACITORS
(TRANSWAVE
CONVERTERS)
Stand: 41

RDGTOOLS
Stands: 26-33 + 34+35

SOLDERS&FLUXES
Stand: S3

STUARTMODELS
Stands: 46+47

TEEPUBLISHING
Stands: 3-5

THECRAFTLIGHTCOMPANY
Stand: S7

TRACYTOOLS
Stands: 73-75

TURBOTRADEUK
Stand: 62

WALKERMIDGLEYINSURANCE
BROKERS
Stand: 12
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Beginners’Workshop

BEGINNERSWORKSHOP
These articles byGeometer (Ian Bradley)werewritten about half a century ago.While they containmuch good advice, they
also contain references to things thatmaybe out of date or describe practices ormaterials thatwewould not use today either
becausemuch betterways are available of for safety reasons. These articles are offered for their historic interest and because
theymay inspiremoremodern approaches aswell as reminding us howour hobbywas practiced in the past.

http://www.model-engineer.co.uk
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ArtfulDodge

October 2023

ArtfulDodge #12–

Essential reading for beginners andvaluable to old hands, this series by the
late John Smith shares some of hiswealth of skill and experience fromover half
a century in hobbyengineering.

Turning small convex
and concave radii

Aset of radius gauges is extremely
usefulwhen there are radii to be
cut. Imperial,photo 1, andmetric

sets are available, and they can often be
found online.
Small concave radii, such as that

at the root of a wheel flange, can be
produced easily by grinding a carbide-
tipped or HSS round-nosed lathe tool
to the desired radius. Recently, tools
with replaceable circular carbide tips
have become available but you will be
very fortunate if you are able to find
a tip with the exact radius to be cut. A
selection of useful lathe tools is shown
in photo 2.
The lathe will complain when a

profile tool cuts along an extended
edge. This can be minimised by either
using the lowest back gear speed or by
turning the lathe by pulling the belt by

hand. For lathes without convenient
access to the belt, a lathe spindle
handle (also shown in photo 2) works
well, provided that you have access to
someone to turn the handle while you
feed the tool.

For concave radii larger than around
1/8” or 3mm radius, it is hard to find a
suitable round nosed tool. They can
be made - there is one in photo 3 –
but a simple concave radius-turning
attachment will produce a better

Radius gauges.

1

A selection of round nosed lathe tools.

2

A large internal radius tool and several external form tools.

3
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result. My first such attachment is
shown in photo 4. It is basically a tool-
post made from square bright mild
steel bar, which can hold round-nosed
tools made from¼” diameter HSS tool
blanks. If you have access to a local

engineering firmwith a wire-erosion
machine, theywill be able to cut a
square hole; this would make it a little
easier to make suitable round-nosed
tools. This tool is very useful where
space is limited.

A 3/8” bolt is glued into the base of the
tool-postwith high strength retainer,
the unthreaded portion ofwhich acts
as the pivot bearing of the tool. The
pivot fits into a reamed hole in a¼”
thickmild steel platewhich is bolted to
the cross-slide. A little grease is applied.
TheNyloc nut is nipped tight, but not
so tight as to prevent the tool-post
frombeing rotated byhand using a
5/8”A/F spannerworking on theflats
milled in the tool-post. This toolwill cut
concave radii from just over 1/8” to 1/2”
diameters, producing a goodfinish.
I used tomake tools for turning small

convex radii – for example for turning
the outer profile of a locomotivewheel
flange - from 1/8” thick gauge plate by
drilling (at an angle of 5-10º to provide
front relief) a hole of diameter twice the
radius needed, sawing and grinding at
least half of the hole away, and then

Radius turning attachment for small radiuses.

4

Corner rounding endmills.

5
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ArtfulDodge
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hardening the tool, also in photo 3. The
toolswere never totally convincing. They
did the job, if set a little below centre
height, but theydid not cut verywell.
I now use corner-roundingmilling

cutters, photo 5. These are made from
high-speed steel, HSSCO or carbide, are
very accurately ground, and they cut
anymetal beautifully. They are available
in a wide range of Imperial andmetric
sizes. Small cutters can be easily held in
a Dickson-type tool-holder designed for
circular tools, while large cutters which
will not fit a tool-holder can be held
in a V-block bolted to the cross-slide
with some packing to bring the cutting
edge to centre height. The axis of the
tool needs to be at 90º to the lathe
spindle. Alternatively, you canmount
the tool parallel to the lathe centre-line
and cut the rear of theworkpiece with
the lathe running in reverse, photo
6, note that the chuck should be stud
mounted or if threadmounted, locked
so it can’t unscrewwhen the lathe is run
in reverse. �

Using a rounding endmill behind the work (lathe run in reverse).

6

NEXT ISSUE

Content may be subject to change.

The Next Issue of Model Engineer is issue 4725, September 8 2023

Pre-order your copy today!
Visitwww.classicmagazines.co.uk

or call 01507 529 529

www.model-engineer.co.uk

Fire Queen
Luker tackles the lagging, cladding and splashers
for his 5 inch gauge Welsh slate quarry locomotive.
Electronic Leadscrew
Peter Russell fits an electronic leadscrew to a
WM250V lathe, making gear cutting very simple.
M.E. Clock
Jim Clark constructs a ‘Model Engineer’s Clock’
inspired by John Wilding’s skeleton clock and
making full use of modern techniques.
Cambridge
The editor catches up with developments at the
Cambridge Club’s track and attends a celebration
of the life of a prolific model engineer.
IMLEC
Rob Speare reports on the last day of the IMLEC
event held at Bristol in the beginning of July.

http://www.classicmagazines.co.uk
http://www.model-engineer.co.uk
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Readers Tips
Readers Tips

Wehave£30 ingiftvouchers courtesyofengineering suppliers ChesterMachineTools foreachmonth’s ‘TopTip’.
Email yourworkshop tips to neil.wyatt@mytimemedia.commarking them ‘Readers Tips’, and you could be awinner. Try
to keep your tip to nomore than 600words and a picture or drawing. Don’t forget to include your address! Everymonth
we’ll choose awinner for the Tip of theMonth will win£30 ingiftvouchers fromChesterMachineTools. Visitwww.
chesterhobbystore.com to plan howto spendyours!
Please note that the first prize of ChesterVouchers is only available to UK readers. You canmakemultiple entries, butwe

reserve the right not to award repeat prizes to the same person in order to encourage newentrants. All prizes are at the
discretion of the Editor.

Thismonth’swinner isKeithFiskofNewZealandwithasuggestionfora reliabledevicefora lathespeedsensor.
From time to time, as inMEW325, I see articles published for lathe speed sensors. All the designs I recall seeing have either a
magnetfitted to the outboard end of the headstock spindle and a proximity sensor, or a slotted diskwith an optical sensor.
Several years ago I fitted aVFD tomyMyfordML7 (Tri-leva) andmademyown tacho. I took a slightly different approach and

used aHall Effect gear tooth sensor aimed at the bull gear – no additional magnet or slotted disk required.
Hall Effect gear tooth sensors are commonly used in the automotive industry and are available inmany form factors providing

options formounting. The photograph showsmyarrangement.
The datasheets for gear tooth sensors usually specify a low carbon steel gear and a tooth geometry for optimumperformance

howevermine has been totally reliable sensing theMyford gear.

Hall Effect GearTooth Sensor.
TIP OFTHE MONTHWINNER!

http://www.model-engineer.co.uk
mailto:neil.wyatt@mytimemedia.com
http://www.chesterhobbystore.com
http://www.chesterhobbystore.com
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Software forGearDesign

“Filengrène”–Software
forGearDesignPart2

Mismatched gears that run at the same speed?

To help youwith gear design, with neither calculations nor charts, Jacques
Maurel proposes you use this free software designed for industrial use.

L et’s resumemaking the Ferguson’s
Paradox device.
The screws are not shown on

fig 2, but they are described in the part
list with the ISO designation for shape
and material.
Another puzzling gear set can be

made, using a gearset having 29
teeth for each gear (profile shifted)
associated with the gearset having 30
teeth for each gear (same module m=
1 for all the gears) see photo 6, all the
gears are running at the same speed
but the gears teeth seem to move one
aside the others, see photo 7 giving a
side view.
Details for the two new29 teeth

wheels: da =32.1;Wk = 14.06 ; x = 0.55

6

Demonstrating the mismatch.

7
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A left click on “?” in the bottommenu showsyou the cutting rack and pinion definition, seefig. 3.
- The xvalues given are calculated for the sliding condition optimization.
- It’sworth to strike their ref number on each pinion to ease the set up.

Parts list:

Ref Nbr Name Material Remarks

1 1 Wheel Z = 30; m = 1 dural da = 32 ;Wk = 10.75 ; x = 0

2 1 Idem part 1

3 1 Wheel Z = 29; m = 1 dural da = 31.54 ;Wk = 10.92 ; x = 0.27

4 1 Pinion Z = 30; m = 1 dural da = 32.51 ; Wk = 10.93 ; x = 0.26

5 1 Wheel Z = 31; m = 1 dural da = 32.49 ;Wk = 7.64 ; x = -0.253

6 1 Pinion Z = 30; m = 1 dural Da = 31.57 ; Wk = 7.65 ; x = -0.214

7 1 Output axle CRS diam 10mm

8 1 Input axle CRS diam 10mm; 85mm

9 3 Index CRS diam 4mm

10 1 Input bearing Dural Diam 25mm

11 1 Driving knob Dural

12 1 Grub screw Hc M4-6 8-8

13 1 Screw HM4-12 4-6 Galvanized

14 2 Screw F/90 M4-12 4-6 Galvanized

15 3 Grub screw Hc M4-6 8-8

16 1 Bracket Dural

17 1 Screw HM4-12 4-6 Galvanized

18 1 Large washer diamM4 MS Galvanized

α0

ρa
ρf

m0hf0 xm0

r0

definition
line

rack type cutter

contact line

Z: number of teeth
β0: helix angle at r0
δ0: cone 1/2 angle at r0
b: face width

m0ha0

πm0

πm0/2

Figure 3.

http://www.model-engineer.co.uk


›

October 2023 61

Software forGearDesign

Increasing gear strength:
I wanted tomakemy lathemore silent,
so use plastic gears between two
metallic ones as far as possible,photos
8, 9 and 10, two are set in the tumbler
reverse (Z1 = Z2 = 25;m = 1.25; 13mm
wide), one idle in the rear quadrant (Z3
= 51; m = 1.25; 15mmwide), the travelling

Plastic idlers for tumbler reverse. Tumbler reverse removed from lathe.

9

8
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swing arm idle of theNorton gear box
(Z4 = 32;m = 1.25; 9mmwide) and the
driving gear of the self-act shaft (Z = 34;
m = 1.5; 12mmwide).
They are standard gears (x = 0), unless

the travelling idle gear transmitting
the greatest torque (asmeshingwith
the travelling output pinion set directly
on the lead screw shaft, having also
32 teeth) and being only 9mmwide.
I decided to use Z = 31 teethwith a
profile shifting of 0.52 (byfiddlingwith
the software to keep the same centre
distance given by the older gear having

32 teeth). Look at the screen shot,photo
11, showing this gearset.
We are now interested in the strength

results: left click the “strength” table
(to replace the “geometry” one). Fill the
boxes E = 2900MPa (N/mm2) and v
= 0.35 (Poisson’s ratio, no unit) for the
pinionmade of POM; thewheel’s values
are already the steel ones. The torque is
5N.m, appendix 1.

Results
Root stress: pinion 61.16MPa (maximum
bending stress value 110MPa for POM,
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10

11

Plastic idlers in the lathe’s Norton gearbox.

Design for stronger gears with ‘stubbier’ teeth.

so a 9N.mmaxi torque could be applied)
; wheel 136.23MPa (maximumvalue 240
formild steel).
Bymaking the same studywith

standard gears (x = 0) it’s possible to
know the strength improvement given
by the profile shifting, about 20% here.
For a silent running, it’s also

necessary to check and adjust the
indexers for no play.
It’s worth it for an idle pinion to have

a number of teeth odd to themating
wheels to even the teethwear, so 51
teethmeshingwith 60 and 120mating
ones in the rear quadrant. I used 31 teeth
for theNorton gear box travelling idler.
I use POM (acetal) or PETP (arnite)

plastic being stronger and stiffer
than PA6 (nylon). It’s possible to use
fibreglass loaded plastics (this doubles
the strength) but I thought they could be
abrasive formyhob.
To protect the gear (Norton idle one),

I’ve calculated and set a plastic shearing
pin, appendix 2 for the calculations).

http://www.model-engineer.co.uk
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Software forGearDesign

Ød

F1 F1

-F1

Ød Ød

Ødi Ødi

ØD ØD ØD

Figure 4.

Nextmonth Iwill explain addendum
modification,whichwill make it easier
to understandwhat some of thefigure
abovemean.

Appendix 1 – Calculating
Torque to be applied to the
lead screw:
Relationbetween:Ttorque (Nm.);
Axial force F (N); lead screwpitch p (m);
efficiencyn (no unit).
T=Fxp/(2xπxn)Values : F = 1500N;
p = 4mm; n = 0.2 (estimation from: steel
trapezoidal screwon bronze half nut,
and axial friction on cast iron, lubricated
contacts).
T=1500x0.004/(2xπx0.2) =4.77N.m
I used 5N.m for gear calculation.

Appendix 2 - Shear pin
calculation: seefig. 4
Relationbetween: shaft diameterD
(m); pin diameter d (mm); pinmaterial
breaking shearing stress Tr (N/mm2);
breaking torqueTr (N.m).
For a plain pin (fig. 4 left):
Tr=D. (0.25.π). d2. Tr
But if this plain pin is too strong for our

needs, a holemust be drilled inside (fig.
4 centre), diameter di(mm), toweaken it,
the new relation is:
Tr=D. (0.25π). (d2-di2). Tr
It’s also possible to use a “half pin” see
fig. 4 right.The “di” diameter part is only
to give the right axial position for the pin
in its bore.
An experimentwasmade using a

5mmdiameter PA6 pin set on a 16mm
diameter shaftwith a torquewrench,
note2), I foundTr = 63N/mm2 for this
material.
We want the pin to break at Tr

= 9 N.m, the shaft diameter being
15mm. A plain 5mm diameter pin can

12

Using a ring dynamometer to measure spindle torque.

withstand 18.55 N.m so a half pin can
do the job, and this was the solution
I used as it’s easier to make than the
drilled pin.
For a drilled pin, the hole diameter “di”
would be:

di = [d2- {Tr/(0.25 .π .D.Tr)}]0.5= [52- {9/
(0.25x0.015xπx63)}]0.5= 3.6mm
An experiment was made using

a ring dynamometer set between
the saddle and the lathe headstock,
photo 12, the clasp nut closed and
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the spindle then turned by hand until
something was broken. The pin only
was broken for an axial force of 1900
N. (so the leadscrew efficiency is
about 0.134).
It’s worth striking two punch dots,

one on the lead screwand one on the
lead screwhub to ease the removal of a
broken pin seephoto 13.

References
This link and those from the previous
installment are all available atwww.

model-engineer.co.uk/filengrene
Ref4 : Ferguson’s paradox
video: https://www.youtube.com/
watch?v=wPXMDo1oLlw
Pins and bonded joints shearing
video:
https://www.youtube.com/
watch?v=jrSgPwcc_-o �

Marks on leadscrew and hub can be aligned
to facilitate removal of a broken pin.

13
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FREE PRIVATE ADVERTS

Tools andMachinery
 ClarksonMK1Tool and Cutter Grinder,
including pair centres, workheadwith
inch bore spindle and sleeves, tooth
rests, diamond dresser, and unused plate
andflared cup grindingwheels. New
feedscrewfitted to cross slide. £500. T.
07794041638.Huddersfield.

 WarcoWM18miller item3261.Table
700x210. c.w. chucks vices, clamping kit
and vee blocks. More tooling available.
Non-proprietary base and suds pump.
Cannot deliver or palletise. Pallet truck
available for loading. £1300 T.01938
590554.Welshpool.

 MyfordML10, 3¼” centre, 3 & 4
jaw chucks, benchmounted, £500 ono
buyer collects. T.01282415201.Burnley.

 ClarksonAutolock chuck for screwed
shankmilling cutters 3MT shank tapped
½”BSW. Condition as new, used once,

includes 4metric collets spanner and
original tin £90. T.07794041638.
Huddersfield.

 Axminster benchmilling/drilling
machine. Including drill chuck, angle
vice, swivel vice, collets, various drills,
side and face cutter, tee nut set,
holding set and shell cutterwith arbor,
boring cutters. Buyer to collect. £720.
T.07974446321/01443405385.
Maesycoed,Pontypridd.

Parts andMaterials
 New, unused 8.5” X 12” drilling table
for Fobco Star drillingmachine. Bought
fromO’Brien’s but never used. £50.T.
07794041638.Huddersfield.

Wanted
 UNE two speedmotor forUnimat 3
lathe. EMCOMaire stopped production
of these in 2017. T.07783649546.
Belfast.

 Wanted person tofinish offpart built
5” Britannia class iron duke loco. Boiler
and running gear are done and in place
and runs on air. Tender is also finished.
Havemost of the parts to finish and
all drawings. Live in Nottinghamshire
butwill travel to you.mark.t.monks@
btinternet.com. T.07787858369.
Nottinghamshire.
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