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The ‘Potts’ Universal Milling Attachment has been available for many
years, but is still 2 popular project. Advertised in 7946 at £13:15.0
(£13.75] finished or 30/- (£1.50) for the castings, the latter are still
available from Woking Precision, but the cast is now a little higher!
This excellent example won a Bronze Medal for John Slater at last
vear's Model Engineer Exhibition.

Precision blocks are not difficult to make and will find many uses in the home workshop.
Len Walker gives full instructions on page 32
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ack last Autumn, | wrote of our
B interest in horse gins (somelimes

knawn as whims), my wife having
had the task of explaining the purpose of
such a device 1o some young people
visiting ona of our local National Trust
houses. Her task was made somewhat
difficult by the fact that only the cobbled
circle remains. all the machinery having
dizsappearad a long time ago. We had
been told of a working example at the
Acton Scott Historic Working Farm which
is situated near Church Stretton in
Shropshire, 50 we managed to pay them
a visit bafore the end of their season. As
it happened, we were not able to see the
machine working baecause the horges
were otherwise engaged. it baing a
“Threshing with Steam and Flail
Weekend'. We were, however able to
anjoy the sight, sound and smell of a
superbly restored Fowler engine driving a
threshing box. Many other activitios were
in progress, one being a demonstration
of wood turning on a pole latha and
another was brick making, using a nawly
constructed kKiln.

Our journdy was in no way wasted
because we were able to axamine no less
than three gins, one being permanently
installed in the farm yard and connected 1o
a range of farm machinery housed in an
adjacent building. A second geared unit
was set up as a portable machine, able to
be located whearever required, while the
third consisted of nothing more than a mill
stona, frae to rotate on a horizontal shaft
which was pivoted at the centre of an
annular trough in which the stone ran.
This device was to be in use on the next
weekend, crushing apples for a
demanstration of cider making
Unfortunately, other commitments
prevented a return visit to sample the
product.

A few days Ister, we wara surprisad and
delighted to receive a letter from a reader,
offering a near complete horse whim if we
could find space 10 accommaodate it.
Richard Brown, one of the team which
looks after the collection of steam engines
at Combe Mill which is located near Long
Handbaorough in Oxfordshire, said that
they had been given one by a local farmer
some years ago, but had been unable to
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find o suitable location in which to display
it. Negotiations between the National Trust
and The Combe Mill Society are now
nearing & successhil conclusion and,
hopetully, by the time you read these
words, the machine will be installed in its
naw home at Dyrham Park, the NT
property situated just north of Bath.
Replacements for one or two missing
items will have 1o be located or made, but
| hope that, in tha fullnass of limae, it May
be possible 1o see some peariod farm
equipment actually demonstrated under
ong horse power.

All this means, of course, that there is
yet anothar place of interest on our visiting
list. Combe Mill houses, among othar
things, a double-acting rotative
condensing beam engine which bears the
date 1852, The maker is unknown, but
both the boiler front and the boiler fead
valve baar the name “Thomas Piggott,
Birmingham”, The boiler, of the Cornish
type is said to be the original one, installed
ot the same time as the engine, and is
thought to be the oldest one in steamable
condition in the country. The pair can be
seen 'in steam” betwean 10.00 am and 5.00
pm on the third Sundays in March, May,
August and Qctobar of aach year.

Alsa an the site is a breast-shot water
wheel of ‘Poncelet’ decign, General J, V
Poncelet having bean a French engineer
who improved the afficiency of the water
wheel by introducing curved instead of
straight buckets or paddias. This (& of
particular interest because the other water
whaeel with which we are involved, that at
the Saltford Brass Mill on the Rivar Avon,
also incorporates a faature which soma
sources attribute 1o Poncelet, that of the
inclined sluice gate controlling the flow of
water to an undershot whael, This design
replaced the simple vertical gate which
was subject to turbulence, which limited
efficiency. The inclined gate, positionad at
an angle of betwean 40 dag. and 60 deg. 1o
the horizontal and contrelled by a rack and
pinion, forms a variable tapered nozzle
which diracts the water jet in 8 smooth
flow towards the bottom of the wheel. One
raference work | have states that Poncelet
Introduced this system in 1824, but other
authoritative sources are convinced that
the feature appeared a1 a much earlier
date. It would be interasting to find
confirmatory evidence

At Saltford, work has bean continuing
throughout the winter 1o prepare 1o
raceive visitors, the open days ococurring
on the second Saturday of each month
throughout the summer. A major task has
been the replacement of the sluice gate of
tha one remaining water wheel, this job
having bean undartaken by Dorothea
Restorations, This was of particular
interest to me, as one of the directors of
that company was formerly one of our

apprentices in industry and joined the
group of angineers involved in the
restoration of the Crofton beam engines
He became so enthused with the industrial
archaeology scene that, on completion of
his training, he left 1o setup as a
professional restorer. His company now
anjoys a world-wide reputation as experis
in the field, regularly being called upon 1o
undertake the most pragtigious projects.

Unfortunately, at Saltford, very little of
the original machinery survives, so it has
been decided that we should commission
a model of a stand of tilt hammers in order
to better illustrate the battery process. Our
first prablem is to gather sufficient
information on which to base the design of
the modal bacauss all wa have is a sketch
rased on the recollections of a former
waorkar, now deceased, and a very carly
photograph of a mill in Germany, whera
the industry originated. | recall that, In the
1950s, the late W. J. Hughes and a
colleague built a model of a stand of
hammars formarly used in the steel
Industry and now preserved. There is, of
course, also the installation at the Finch
Foundry in Devon, but thisis of a
gomewhat differant farm, If any reader has |
any relevant information, | would be
pleased 1o hear,

Health & Safety
Executive documents
relating to passenger
carrying miniature
railways and miniature
road vehicles

Dr Tarry Williarms at HSE's Glasgow
office reports that the guidance note to be
published as a free information sheet for
miiniature railways, miniature traction
angines and miniature road vehicles has
been delayed and will not now be
published until early June. It will then be
circulated through the trade press,
Associations and Sociaties

The miniature railways llatson group
has also drafted a consultation document
antitled Passenger Carrying Miniature
Railways; Guidance on Safe Operation
which will evantually replace Technical
Note 3. It is specifically aimed at operators
of miniature railways, Copies of the
consultation document (not available until
sarly June) can be obtained by sending
your name and address 1o Dr T.G.Willlams
at the Health and Safety Executive, 375
Waest George Street, Glasgow G2 4LW,
Anyone Is free to take part in the
cansultation process. Your commants
should be sent in by 31 August 2000.




MEASURING
TEMPERATURE

Extending the range of processes employed in the home workshop make it likely that the ability to

measure femperature to a reasonable degree of accuracy will be a requirement. Philip Amos
describes some of the available methods

1. Top: plain tharmomeater scals, Middla: enclozed scals type, Bottom: elinieal
therrmometer

Z. Physical protection for mercury-in-glass thermometers

Introduction

There seem 10 be four main areas of

home workshop activity where it becomes
necessary 1o measure temperature. These

ara-

{iy  Chemical solutions used in such
processes as electroplating

(i) Heat treatment

{ini)  Foundry practice

(ivi Ceramics

This article discusses what equipment
can be used for these purposes under
general headings of:

A. Lower tempearatures [item (i) above]
B. Mid range tamparatures [sterr (i)
above]

C, High temperatures [items (iii) & {iv)
above)

b "
General

Standard tempearature scales derive
from fixed points such as the melting
point of ice (0 deg. C) and the boiling
point of water (100 deg. C). Gas
thermomaters which rely on Boyle's and
Charles’ laws have besn used to extend
the scales in both directions from
182.97 deg. C (boiling point of oxygen)
to «3400 <|I_+9 [ |n||r|hr|t;1 point of
tungstenl. Accurate gas thermometers
are large, cumbersome and difficult to
use, and are unsuitable for routine work
- they are 1o be found only in standards
laboratories.

A. Lower Teinperatures

Liquid in Glass
Thermometers

Solutions normally are of various
chamicals dissalvad in water, which means
the temperatures involved are between 0
deg. C and 100 deg. C. For this range, the
liquid-in-glass tharmomater is wall suited as
It Is relatively inexpensgive, convenient and
accurate,

Thesa tharmometars have a glass
reservoir connectad to a long fine
capillary tube sealed at the opposite end
The liquid contained in the reservoir is
usually mercury and the space above the
marcury in the capillary tube is
evacuated. As mercury freeze: at -39 deg
C, either dyed alcohol or pentane are
used instead of marcury for vary low
temparatures,

At the other end of the scale, mercury
thermometers are available for use up to
about 530 deg. C with special glass and
the frea space filled with nitragen or
carbon dioxide under pressure. There may
ba problems of stem distortion above
about 480 deg. C. Chemical laboratory
mercury-in-glass (vacuum} thermometers
usually have a maximum reading of 360 or
400 deg. C and a minimum reading of -10
dag. C

Alcoholin-glass tharmometers cover a
range -70 deg. C to +66 deg. C, and
pentane-in-glass types -184 deg. C o +21
deg. C. All have the outside of the glass
capillary tube shaped so as to produce a
magnified image of the liquid column
slight rotation of the thermometer will
produce thix effect, whech greatly facilitates
reading

Thermometers are calibrated for total
immarsion; if only the bulb is submerged
corrections may be necessary for extrerme
accuracy. This is also the case if the
instrument is subjected 10 high external
pressues (Reference 1). Hl')Wl.‘\u'i'..‘l thase
consderations will not normally concern
home workshop people

Two styles are readily available and both
are usually 300 10 400mm long, The
cheaper of the two has its graduations
engraved on the outside of the glass and
these lines are filled with some dark
calounng matter. However, many solutions
destroy thig colounng and the thermometer
then becomes very difficult to read, This

Model Engineers” Waorkshop



Drawing 1 - Thermometer Protection
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Drawing 3 Clinical Thermometer
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problem has led to the production of
enclosed scale thermometers, where thers
Is a separate scale attachad to the capillary
tube and both are enclosed in an outer
glass tube, Both types are shown in
Photo. 1.

As these Instruments are quite fragile,
some physical protection is desirable. Mine
are provided with spring mounting in
cutaway stainless steel tubes, as depicted in
Drawing 1 and Photo. 2.
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Whan it is desired to measura the
temperature of a gas or vapour in a pipe, a
thermometer well is used - as depicted in
Drawing 2. The well is illed with a non-
viscous liguid of high conductivity e.g.
water, alcohol or kerosene for low
temperature, oil or mercury for medium
temperatures and molten tin or solder for
temperatures above 315 deg. C.

To digress, tha normal elinical
thermometer (Drawing 3 and Photo. 1) as

found in the home medical kit is usually a
mereury-in-glass type with a very restricted
range of 35 deg. C 10 43 deq. C, but with a
widely spaced scale for easy reading. (A
healthy person’s temperature only varies
slightly from 36.9 deg. C). These
thermometers are made with a constriction
in the capillary near the bulb. As the
mercury in the bulb expands with
temperature increase it forces its way up the
capillary, but as it cools down and the
mercury contracts, the column breaks at the
constriction, leaving the mercury above it in
place, so that the temperature reading may
be taken at leisure. This isolated mercury
column must be shaken down again before
re-use.

Tharmometers recerding maximum
and minimum temperatures in the
workshop may sometimas ba of interest.
A typical one is shown in Photo. 3, It

| comprisas a U-shaped capillary with a

sealed bulb on top of each leg. That on
the left is completely filled with alcohal,
and that on the right is about half filled,
alxo with alcohol. The twao alcohol
columns are separated by a mercury
column. There are also two very thin steal
index piaces, one in each leg, the weight
of which is insufficient to overcome the
friction with the inside of the tube, so that
they stay at the height to which the
mercury column pushes them after the
mercury retracts, They are re-set when
desired by an external magnet, also seen
in the photo. When the temperature rises,
the laft hand alcohol expands, pushing
down the mercury column against the
right alcohol column which also expands,
but the expansion is taken up by the
spaca at the top of the right hand column,
Thus the index in the right column
records the maximum tamparature
reached. When the temperature drops the
procass is revarsed and so the index in
the left column records the minimum
temperature, It will be undarstood that
the alcohol does the measuring: the
mercury merely provides an indication
marker.

Solid Expansion

Thermometers

These are widely used In Industry. Here
the sensitive element is a bimetallic strip or
coil, fixed at ona and and with the other end
moving a pointer to show tempearature on a
scale (see Drawing 4).

The bimetallic strip comprises two metals
having different tharmal cosfficients of
expansion |e.g. brass (L] and nickel (S) in
the drawingl, which are pressure welded
together by rolling. In consequence of the
different expansions, the strip bends when
heated, Quality can vary from room
thermometars costing a few cents, through
the push-in rod-with-dial type for the
Sunday roast 1o laboratory types of fair
precision but greater cost. All nead to be
regularly checked as the zero point tends to
change with use. The ranges are similar to
the hquid-in-glass types bul they are much
more rugged instruments,

The same principle of operation is used
in electrical thermal circuit breakers and
motor starter overlosd protection where the
bimatal iz hoated by the passage of current
through it or through an adjacent heater
coil.

13



Pressure Gauge

Thermometers

These devices are olso widely used in
industry whéra remote reading is desired.
The operating fluid may be liquid, vapour
or gas, and the design is shown in
Drawing 5. Cheap units for automotive
use may have an accuracy of only 510
10% of full scale reacing, but larger units
for industrial and laboratory service can
provide 1to 3% FSR accuracy. As the bulb
is sensitive 10 radiant heal, it is belter
arranged that the bulb cannot ‘see’
surfaces much hotter or colder than that
being measured,

Digital Thermometers

As these are available in a wide vanaty
of ranges they will be covered later below,

B. Mid Range
Temperatures

Liquid in Glass
Thermometers

For tempering salts the normal range of
temperatures required is from about 200
deg. C to 340 deg. C, which s well within
the marcury-in-glass capability. The salt
used is a mixture of sodium nitrite and
potassium nitrate which melts at about
180 deg. C. | use a proprietary brand called
Temparsal which | find malts a1 175 deg. C.

Obviously you can’t put the
thermometer into the solid salt until it has
maelted and the thermometer needs to be
warmed up graduslly bafore this is done
1o avoid the glass cracking. When you
later rémove it theré is a covering of
solidified salt which must remain until the
thermomeater cools to room temperatura,
when (fortunately) the calt can be
dissolved off in water. If you just put the
hot thermomatar into cold water it will
probably crack.

MNevertheless, with these sensible
precautions it is quite practical to use a
mercury-in-glass type for this tempering

e
e it Eie S
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‘{ -
"am“

Drawing 4 Solid Expansion Thermometers
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3. Maximum & minimum thermometer
with resetting magnet

Process.

Thermocouples

These cover (with ovariapping rangas
of temperawures) from about -200 deg. C to
+1760 deg. C. They rely on the Seebeck
effect, in which two wires of different
metals, if connectad at both ands, one and
being hot and the other cold, generate a
small voltage. The circuit shown in
Drawing 6(a) shows tha set-up where the
voltage generated causes a current (o flow
through a galvanometer (millivoltmeter).
The current is propartional to the voltage,
which in turn is roughly proportional to
the temperature difference between the
hot and cold junctions.

Az the cold junction in the drawing is in
melting ice e, at 0 deg. C, this
arrangement will measure the
temperature directly. Accuracy with the
millivelmeter arrangement can be about 1
to 2% of FSR. A more accurate result can
be obtained by using a battery and
potentiomater to balance the voltage
generated s0 that no current flows, as
shown in Drawing 6(b). Here the
galvanometer is a null indicator. The
voltage V across the potentiometer is iR

the temperature difference.
Various metal combinations yield
different voltages:

(a) Copper/Constantan (60% copper, 40%
nickel)

1.11 mV for 10 deg. C difference
16.03 mV for 316 deg. C

(b)  lron/Constantan

1.44 mV for 10 deg. C difference
65.00mV for 1093 deg. C

(e} Chromel/Alumael (90%; nickel 10%
chromium/94% nickel 2% aluminium
+ manganase & sillcon)

1.08 mV for 10 deg. C differance
66,53 mV for 1371 deg. C

(d) Platinum/Platinum with 10% Rhodium

0.748 mV for 10 deg. C difference
17.339 mV for 1649 deq, C

The upper temperature diffarenca
swated above is also the upper limit at
which these materials should be usad (but
see also Reference 4). Combination {a) is
best at low temperatures as the materials
resist corrogion. For mid range
temperatures (b) is suitable and less
axpeansive than {c) but the lawer ks more
stable and goes to a higher uppar limit,
although its output voltage is somewhat
less than for {b). For the highest
temperatures (d) must be used but ks quite
costly [about five times (c))].

Because the thermal capacity of a
thermocouple is small it can be used to
measure rapidly changing temperatures.

In Reference 4, Tubal Cain describes in
detail how to make and calibrate
thermocouples and their meters. He also
listg their millivalt outputs for various
temperature differences (see also
Reference 1 for these, particularly PLPL-Rh),

The use of leads made from the same
materials as the tharmocouples
themselves greatly simplifies the whole
business. These are called ‘continuing’ or
‘extension’ leads. Lead colours can be
confusing; most are to US standard ANSI
MS8.1 - British are different.

| purchased a Chromel/Alumel device
with 5m. continuing leads with US colours
(yellow + and red -) in 1988 when it cost
about $SA30. Total resistance in circuit is 24
ohms, This is used with an analogue
multimeter | already owned with a 0-50
microamp range and an internal resistance
of 3610 ohms. Measuring the latter was a
bit tricky as, of eourss, you cannot allow

where the current

€ ©

i :
R"‘z
The voitage which balances the
thermocouple voltage is
t

- Y
R

so the potentiometar can be calibrated
to read temperature. This approach
improves the accuracy o less than 1%
FSR. In effect, this measures the
generated voltage directly and hence

VAPOUR

LIQUID —

BULB
Drawing 5 Pressurs Gauge
Thermomaeter
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more than 50 microamps through the
mater without damaging it. A friendly J
company was able tg dg it for me with a a) GALVANOMETER b} POTENTIOMETER
high impedance digital multimeter - \
schools and colleges probably have the /m—-‘.‘
equipmant available in their physics T L
depantments, so may be worth a try. My
outfit is shown in Photo. 4.

| calibrated my set-up as suggested in
Reforence 4, using boiling water and meited -
tempering salt, with a mercury-in-glass
thermometer with seven points from 25

£
e

dag.c?twmg.crihnmiutcrfwnm nﬁ,‘%ﬂ 77 % @2y

closely followed a straight line which was .

then ':xtandad from 400 deg. C 10 1400 deg. @»}“ [/// H’,\.}gg ///

C. From the currénts and resstances in the - : RHEOSTAT

gircuit, the millivolts generated were MELTING UNKNOWN  MELTING UNKNOWN

calculated and found to be in close ICE TEMP. ICE TEMP.

agreament with the published figures. @
From 2 1o 12 microamps corresponds o Drawing B Thermoeouple Circuits

180 deg. C to 1060 deg. C. | keep &
calibration chart in the warkshop to allow
easy determination on the day of what
termperature differance is nesded above
ambient (read from a mercury-in-glass
thermometar) and 50 what current 1o alm
for on the meter. It seems to work quite wall,

Digital Thermometers

Instruments are available which show
tamparature directly an the digital read-out
using thermocouple inputs. The
instruments cost about SA200 and the
thermaocoupie, loosa sheath, leads and
powar pack about anather SA110, so
although convenient they are not cheap.
These prices relate 1o Chromel/Alumel (up
1o 1200 deg. C max) and NicrosilNisal (up
to 1300 deg. C max). For Platinum/Platinum-
Rhodium (up to 1400 deg. C max) the price
goes up anather $A135 which makes it a
viry costly axercise. These inslrumants are
vary accurate,

Electrical Resistance
Thermometers

Using a bridge circuit and a null indicator
as shown in Drawing 7, the change in
resistance of a coll of fine wire af nickal or
platinum can be measured 10 very close
limits, and this change can be used to
measure temparature. Such thermometers
can measure temparature differences to
one ten thousandth of a degrea C. The
scheme is useful for distant reading
installations, where only a few degrees of
temperature change is to be covared.

In this Wheatstone bridge circuit, the
measuring coil “A' ohms and its leads, "L
ohms are in one arm, and matehing
dummy leads ‘D’ ohms (= ‘L' ohms) and a
variable rasistor ‘R2' ohms are in the
adjacent arm. Resistances 'R3' ohms and
‘R4° ohms are equal and form the other two
arms. ‘R1' ohms is another resistance with
a variable connaction. The null indicator will
show that the bridge is balanced and then

AsL+RI-r o R4 -l
RZeDor |-k}

so A=R2-Rl+2r

If R2 is untowched after initial setting,
then variations in resistance ‘A’ with
temperature will require variations in
resistance ‘v’ to maintain balance in the
bridge, snd hence the device can be

Junafduly 2000

calibrated to

show resistance @
vanations in ‘A

as tamperature
changes. Heating
of coil ‘A’ is
minimised by
anly conneacting
the battery while

1aking a reading,

and DUMMY
thermoslactric LEADS D
oltects

eliminated by

revarsing battery
connactions and
taking a turther
reading, with the
avarage of the
two being taken

COIL A

a5 correot.

The electric resistance
tharmometer is usually calibrated
using malting ice, boiling watar
and boiling sulphur 444,60 dog.
C). It is mainly used in the range
-40 deg. C to 600 deg. C when its
accuracy is equal to that of a gas @
thermometer. Outside this range

|
”?l |

additional calibration points are
requirad.

Colour Temperatures

Long before temperaturs scales were
invantad, blackemiths usad colours of hot
steel as a guide to temperature in
hardening and tempering operations. This
is discussad in considerabla detail in
Reforence 4 and illustrated with colour
plates, which form a most useful guide,

Crayons

Some years ago ‘Temparature Indicator
Crayons’ were available from a number of
manufacturers. These are also described in
Haference 4. They seam 1o be difficult to
find on the market nowadays, and some
manufacturers have certainly discontinued
making them.

Magnets

The Curie point or temperature at which
steels cease to be magnetic is about 50
deg. C below the ternperature from which
10 quench, which gives some indication of
the temperature of the workpiece - see
again Reference 4.

Drawing B Optical Pyrometer

C. High Temperatures

Devices 1o measure high temperatures
are usually referred to as ‘Pyromaeters’. The
temperature ranges coverad by the (b), (¢}
and (d} thermocouples mentioned above
and the digital thermometers in their
upper ranges really foll into the category of
pyrometers.

As cast iron melts at about 1100 deg. C
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Drawing 10 Pyromaetric Cones

and steal at about 16500 deg. C, it is pretty
obvious that no metallic contact devices
would survive to measura very high
temperatures, and indirect means have to
be uesd. Thus thers have amerged optical
and radiation pyrometers,

Optical Pyrometer

This is a device to measure the brightness
of the radiation received from an object in 8
narrow band of the visible spectrum, by
comparing it with the brightness of a
standard light source. They have been in use
since about the tima of World War [

Tha instrument is shown in Drawing 8.
The radiation from the source passes
through a lens “A’ to form an image in the
plane of the filament of lamp ‘B". This is
observed through the eyepiece: ‘DY, 'C' is a
fitter of red glass which removes all the
radiation except that of a narrow band of
wavelengths. The filament temperature can
be vaned by varying the current through it
When it is hotter than the source, the
filament appears as a bright line against the
background; when cooler it is a black line.
The current is adjusted until the filament
disappears, which means it is at the same
temperature as the source. The current is
then read off a millammeter in series with
the filarment: this meter is calibrated in
degrees C. By placing neutral tinted glasses
“E" in front of the lens 'A’, the range can be
extended to tamperatures much higher than
thosa to which the filament can be heated.
For its lower temperature range the
instrument can be calibrated by sighting it
an sources of known temperature; for
higher temparatures its calibration depends
on Planck’s law of radiotion, but that is
beyond the scope of this anicle.
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smoke or gasses
eauss arrors. For luminous flames some
SUCCeSS resuits from using two different
wavalengths - red and green. The
instruments can be used down to about 850

deg. C.
Radiation Pyrometers

The design of this instrumaent is depicted
in Drawing 9lal. Radiation from a hot
source falks on the concave mirror A’ and s
reflectad towards diaphragm ‘B’ located
near its principal focus, Behind this
diaphragm is a strip of blackened metal 'C’
which recaives the radiation passing
through the hole in the diaphragm. The
measuring element is a thermocouple or
thermopile which has its hot junctionis)
attached to 'C’,

A thermopile comprises a number of
thermocouples joined electrically in series
with their hot junctions all at one end and
the cold junctions all at the other end - sea
Drawing 9(b). The hot junctions are
exposed to the radiation while the cold
junctions are shielded from it
Bismuth/Antimony is a typical
thermocoupls combination for tharmopiles.

The mirror can be racked backwards and
forwards to enable the image to be focused
on the hole in the diaphragm, and the
ayapiace ‘D allows this adjustmant. The
instrument is sighted on a large area such
as an incandescent fuel bed or a hole in a
furnace wall (black body radiators). The
temperature attained by the hot junction(s)
will be a function of the temperature of the
source; it will be almost independent of the
distance to the source provided that the
antire field of the diaphragm hole s
covered, The instruments are calibrated for
black body radiation and can read 10 to
50% low when sighted on light coloured ar
metallic surfaces in the open,

Portable Infrared
Pyrometers

With the surge in electronic and salid
state technology since World War I, optical
pyromaters and radiation pyromaeters have
been largely superseded by portable
infrared pyrometers which provide digital
read-out. They utilise the two colour
principle referred to above 1o overcome
problems of dust and. other contaminants
in the field of view, diny viewing windows

and grey body sources. Typical temperature
ranges available are 0 deg. C to 500 deq. C., -
50 deg. C to 1000 deg. C, 700 deg. C to 2000
deg. C and 800 deg. C to 3000 deg. C. with
accuracies of the order of 1% or less. Some
come equipped with laser aiming to ensure
the exact target is having its temperature
read, Prices for the simplest ones are of the
order of SA 500,

As many companies have replaced their
old optical pyrometers with this new gear,
one might expect the optical pyrometers
to be available a1 reasonabla prices on the
second-hand market - it is certainly
warthwhile being an the lookout for such
items,

Pyrometric Cones

Originally callad Seeger cones, but now
produced by a number of manufacturers
(e.g Orton, Wengers and others) these are
an inexpensive form of fusion pyrometer.
They are small pyramids, abaut S0mm tall,
made from mixtures of oxides and glass,
to each give a definite malting point. A
series of 36 canas with melting
temperatures from 600 deg. C 1o 1400 deg.
C is available, and the range extends up to
about 2000 deg. C. The malting point
depends somewhat on the heating rate
and different melting point figures are
given for different heating rates of 180
deg. C per hour and 60 deg. C per hour -
2.q. cona 09 figures are 930 deg, C and
915 deq. C respectively, The cone shape
collapses when it softens and bends, as
shown in Drawing 10. They are mainly
used in the ceramic industry, but can also
be used 1o calibrate pyrometers. They cost
about $A 0.30 each from caramic supply
companias who can give complete details
of the range of characteristics available,
Each cone can only be used once.

Conclusion

The home workshop can be
ecanomically provided with temperature
measuring equipment to suit all its likely
naads with:-

Mercury-in-glass protectod scale
thermometer -10 deg. C to 400 deg. C
range

Chromel/Alumel thermocouple and 0-50
microamp meter

Set of Seeger cones

The use of radiated colours for furnace
temperatures and oxide film colours for
tempering steel avoids the need for any
measuring apparatus for these processes -
but better results can ba obtained if
instruments are used. &
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Hugh Smith of Norwich
acquired a device which he
was unable to identify until
Philip Amos revealed all

en | bought my 1948 vintage
Myford ML7? lathe a couple of
years ago, ona of the main

attractions was that it cama with an
enormous amount of tooling; milling
culters, taps and dies and a very large
ammunition box containing naarly a
hundredweight of reamers of avery
description, The same week | bought my
first copy of MEW, No. 49, which contained
an article by Philip Amos about the Quorn
and sharpening reamers, It aroused my
interest and so my first engineering project
just had to be a Quorn. After a very
enjoyable two years and after much head
scratching, by some miracle, | have nearly
complated a machine that sharpans things
brillianthy.

| was most interested to read Philip
Amos’ latest article about Work Holding
Mandrels in MEW No. 64, particularly the
LaCount mandral that ha constructad from
a phatograph, It looked rather familiar, so
after a quick rummage in a box full of old
adjustable reamers, | found that | owned
the genuing article. To the uneducated aye
it looks like some kind of adjustable
stepped reamer, SO that's what it is!

It is obviously of pre-war vintage, and
the jaws/blades show the signs of heavy
use (misuse?). It will accommodate work
from about 0.4in. to just under 1.0 inch.
Whaen naw, | imagine that it's nominal
capacity was from 0.5 to 1.0 inch

My mandrel differs slightly from the one
that Philip Amos made in that the included
angle of the taper is anly 5 dag. to his 14
deq., 50 its grip 18 tenacious, Like his, there
I NO screw 10 axpand it, the work-piece is
slid on the blades up to the appropriate
shoulder and the heel of the shank
bumped against someathing solid. In the
case of my device, not 100 hard, bacausa it
is next 1o impossible to release it if you do,
Because of wear to the blades and the fact
that the blades were in the wrong grooves
(marked W, X & Y) it was also atrociously
inaccurate and any thin sectionad material
wobbled all over the place. | trued up the
gshouldars on the Quorn and this improved
things somawhat, but | will have 1o set the
Quorn wheal-head up on my lathe and
gnind the edges parallel at some tima in
the future if it is gaing to be of any real
use in the workshop,

The only other detail in which my
imandrel differs from the one dascribed in
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A GENUINE
LeCOUNT MANDREL

oo

1. Hugh Smith’s mandrel clearly shows the legend C. W. LeCount. Norwich stamped on
tha coliar

SSSSS S S 4

2. The components, showing that the blades are housed in shallow tee slots

3. The mandirel set up for truing
un Hugh's 'Ball Handled Wonder”
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4. Grinding the steps on the blades

5. The Lecount in use

the article is thaot the blades are held in
their grooves by minute T-slots only
0,020in. deep and can only ba
disassembled by pulling them out one by
one at the small end of the taper.

| would like to thank Philip Amos for his
many interasting articles over the time that
| have been taking M.E.W. and especially
for inspiring me to try my hand at making
the “Ball Handled Wonder’, Yes, | know he's
taken them off his machine and | don't
blame him as they are very fiddly, /
but they look wonderfull ﬂ

HAND TURNING
Part Two - Wood

Occasionally, an engineering

workshop pro'lfct can be

enhanced by the incorporation
of some turned wood
components. Robert Newman
describes some tools and
procedures which may assist
readers who are not
experienced in working in this

medium
1. The wood turning toals described in this article

any years a9o, an old clockmaking made him up some decent handles in omission now. The handles of my metal
M friend of mine surprised ma when | raturn, which he was kind to admit were hand tuming tools in Photo, 5 of my article

found that the fine looking matal far mora comfortable in the hand and on metal hand turning weré turned on my
hand wming tools he had forged, easier 1o contrel than the file handles wood lathe. The handles you see in this
hardened and tempered had been stuck in In & couple of my articles | have article ware turned on my metal warking
some tatty looking file handles. As | had suggested that a nice handle would not iathe using the tools and methods | submit
borrowed, pinched, whatever, the general coma amiss, but did not explain how to for consideration
idea of my metal tool holder from him, | achigve this aim. | hope 10 reatify that It should also be pointed out that the
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2. The components of the cone drive

metal hand turning tools can also be used
1o turn wood, it will take just a little longer.
The cutting tool should have approx.
2'zin, extending from the holder for this
purpose. By tho same token, the
woodturning tools | describe can be used
to turn matal, admittedly they are & bit
long but will do the job.

The turning tools

There are various ways in which tools
can be obtained, Firstly you can visit the
local tool shop with five-pound notes,
(minimum of five) clutched in hand and
purchase a 'zin, half round and a square
face scraper tool, that's without handles.
Secondly, il the skills are possessad,
carban steal, 1zin. wide and 4 to Snsin,
thick can ba used to fashion, harden and
temper the necessary tools. A third way is
to scour flea markets, garage sales, boot
sales atc. for old mortise chissls in the
lzin, to dsin. wide range, These make fine
tools; | have two of theso as finishing tools
on my wood lathe. The final way is to
make the tools | suggest.

So-called scraping tools are the advised
type to make, Why? Simply put, they are
easy to make, easy 10 Use, asy 10
demaonstrate. it must be admitted that |
prefer to use edge tools to turn wood;
most wood turners do, but practice is
required to become reasonably proficient
in their use. Having said that, | certainly do
not look down on so-called scraping when
it is handled with some thinking behind i
There are times and with certain woods,
when only scraping will produce an
answar and this applies to turners the
whola world over. A properly sharpened
and honed seraper, held at centre haight,
will produce a very acceptable finish in
hardwoods.

Obtain two pieces of frea-cutting bright
mild steel, 8in, long, '2in. wide, "4in. thick.
Machine 212in. of one end so that you
have a 4 x win. section. This is clearly
shown in the front tool in Photo. 1 Two
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Fig. 2 Woodturning rest

pieces of High Spead Steel, 'zin. wide x
1zin, x at least 3azin, thick are required.
“Where?" | can hear some of you ask,
“Does ane get that?”. Answer: From the
same type of place that both my friend and
| got ours. | knew someone who worked in
an engineering environmant and | askad
him il they ever broke or wore out the
blades on the industrial hacksaws, (of
course they do). | was rewarded with three
large pieces of machine hacksaw blade, he
with a bottle of plonk. My friend did
likewise. An acquaintance, also a home
machinist and an Accountant by
profession claimed he knew no-one in
engineering. It was pointed that the local
industrial estate had no fewer than five
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2. Tiwo vary sirple wood turning rests

mild steel. The piece of HES now needs 1o
be silvar-salderad to the end of the mild
steal. Suggest silver solder in paste form
for this job, together with plenty of flux. it
is & sensible precaulion 10 have some

- means of holding the HSS in closa contact
with the mild steel while heating. | used
copper wire for this job. Even if it gots
saldered 10 the work, it i easy 10 remove.

In the items shown, the HSS has been

soldered in place on the top of the shaft;
you can, of course, set it into the metal,
Using thickar HSS material, | would do

just
‘When all hos cooled down grlnel tha
100ls 1o the two shapes shown in Fig. 1.
Photo. 1 shaws only one angle tool, which
incidentally is called & Sticer; | would
suggest you make a mirrorad pair - you
~will mot regret it. Edge clearance on these
wols is 25 1o 30 dagrees. The tap of the
HSS should be polishad and, together
-with the edges. honed o a very sharp
edge for itis irn.endad that these tools will

cut, not scrape. The underside of the tool
should also be polished and the two
bottom edges rounded off and polished.
This is to allow smooth passage of the
tool aiong the rest.

This article was finished in early
September and then put aside for thinking
tima. This was just as well for, a couple of
weeaks ago, the latest catalogue from
Kirjeng dropped on my doormat. On
glancing through its contents, on page 8, a
heading caught my eye - Rectangular High
Speed Tool Bits. Third item down, 31 x 12
»x 1z2in., cost 60p. | was straight on the
phone, ordering some samples. They were
axactly what was wanted. | am told that
they have quite a few more. To make tools
using these bits, | would use ¥nsin. thick
mild steel and sink the bit into the metal
by about 1sinch,

The tool rest

The hand rest, Fig. 2 and shown on the

right in Photo. 3 is designed to fit the
adjustable rest detailed in my anticle on
hand metal turning. The rest on the left is
an efficient, simplistic version, fitting on
tha cross-slide or tool post of the
compound slide; it is simpla to maka. No
measurements are given as it will have be
made to fit the lathe for which it is
intended. The height to the top of the rest
is the centre height less the thickness of
the turning tools, Method of securing the
round bar to the angle ron is the same as
shown in Fig. 2,

The rest shown in Fig. 2 is scaled to fit
the Mvyford series. A slot is machined in
the red to take the support blade, Fig. 2 ‘B’
It warked out that the blade in the sample |
made was a very tight fit and had to be
pressed in place, which was fine, Pan '8’
is silvar-solderad lo par 'C’, only then is
part ‘A’ attached. The blade is shorter than
the slot in the rod to allow spot welding at
each end if 50 desired.

Why a round bar rest? As soma
gxperienca in wood turning is gained, it
will be found that it is helpful if the tool
can be manipulated so that the cutting
edge is up or down in relation 1o the
centra haight, and a round shape is the
best for this, This form of rast, albait more
substantial, with a machined and
hardenad 34in, diameter reat is my main
choice for use on my wood lathe. This
configuration also allows a finger to be
hookad under the rest to allow better tool
control.

The cone drive

This is the simplest and the easiest
wood drive to make. It has the advantage
for the tyro wood turner in that, should he
have a ‘dig-in’, the wood will come 10 a
halt without any damage being caused.
Photo. 2 and Fig. 3 show the construction,
leaving anly a couple of points that need
expanding. The taper on the cone is best
done with a suitably sized countersink; if
nit available, sat over the top shide in the
usual way. 30 deg, is the angle. A razor
edge is not necessary, a 5 thouw. thick edge
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finish will do fine. The Ysin. inner diameter
of the cone and its fat base is best dono
with drill and ‘D’ bit ar mill.

The 'uin. hole to take the cantre also
needs a flat base, again a ‘D" bit or mill is
ideal for this task, When making the
centra, a littie extra length will not come
amiss and will allow trimming, When the
centre is fully seated home the base of the
small cane at the tip should be level with
the rim of the main cone. Using a grub
sCrow, mark tha cantrs at this position
Withdraw the centre so that "sin, of the
shank shows above the cone, again mark
with the grub screw. A flat should now be
filed uging the axtremities of the marks as
the total length of the flat. It would be
politic 10 be ganerous towards the tip, just
to ensure that the centra saats properly.
The through hole is to allow a "=in, drift to
be used for shifting sticking centres

The handles

First prepare some ferrules. These need
to be 1in_ long and between 3u4in. 1o 1in,
diamater, 16 to 18 gauge. Material - mild
steel, brass, ally or copper. Wood for the
handles, in order of preference, can e any
of the following:- ash, hickory, boxwood,
oak, beech or any of our native fruil tree
woods, The wood needs to be in the
round if possible, with the grain running
along the length. Quality garden tools
normally have 17= to 1hain, handles in ash
or hickory and a replacement handle is
ideal to make handles from. Don't expect
ta find such handles in supermarkat DIY
areas. Try good garden centres which
stock plenty of tools, and independent
hardware stores are also a possibility. The
alternative is 10 turn the round and for
that, billets of wood 13min. square by
8%4in. long are wanted, Find the centre of
the end of each billet end and, with a No.
3 centre drill, drill the ends, but anly far
enough for the taper to begin to cut

The cone drive should be set so that the
centre is on its seat, with just the tip
showing, and locked by the grub screw.
Mount the cone drive in the 3-jaw chuck
and, in the tailstock, insern a Hve centre. A
dead centra can be used, but remember to
grease the tip. Mount the billet between
these components, locating on the end
contres. Lock the tailstock and use the
handwheel 1o press the cone homae into
the wood, so that it just biles

Obtain a half-round lathe tool, hone the
tap face and the adge of the tool and
mount it in a tool post at centre haight.
Start the lathe, setting a speed of approx,
500 rpm, then advance the tool into the
wood until it just begins to bite. Note the
cross-siide reading before withdrawing the
tool and running the carriage to the nght
hand and of the billet. Add 0.020in, to the
noted reading, setting this on the cross
slide prior to running the carriage to the
left 10 take the first reducing cut. Add
another 0.020in., then move left to right
for the second cut. Continue this process
and If all is going well and thére is no
splintering, increase the depth of cut by
0.010in. When it is seen that the billet is
taking on a rounded shape, stop the lathe
and set a pair of spring callipers to the
raquired maximum diametaer of the billet
plus Y& inch. f you ook at Photo. B you
will see what is Intended. Advance the
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Fig. 4 The handle shape in half form

4, Curtting the seat for the ferrule. The tool is being traversed from right to left. The

£y -

ferrule which is to be fitted is positioned over the centre of the cone drive, ready to be

tried on rhe turned seating

5. Sizing the sighting groove which will determiné the maximum finished diametar

latha tool with the lathe running and cut
into the wood, allowing the callipers to
ride the groove, stopping the cut when the
calhipars pass over the wood. Take a falt
pen and mark the bottom of the groove far
thiz whole of the circumference. All that
has to be done now ta bring the wood to
size is 1o keep sweeping back and forth
alang the: billet, increasing the cut by a set
amount, till the mark disappears, The
round billet in Photo. 1 was produced
using this method, the sweep being pratty
fast; you can claarly saae the tool cut
marks. Remamber to give a cinch on the
tailstock handle a couple of times in case

the billet tends to work lose on the cona.

Tha trick is to take il easy at the start
whan the corners am being removed, As
the billet begins to assume a rounded
shape, it is less likely that it will split off a
sliver of wood, 50 a higher wood remowal
rate can used. If you try to be too
ambitious and remove too much, the
wood will spin on the cone drive.

With the billet 10 size, remove from thie
centres; ramove the cone drive and insert
tha hillet in the chuck with the end marked
by the cone outwards, Drill a “ain. hole
2in. deep in the and of the billet, remove
from the chuck then dismount the chuck,
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6. Shaping using the half round tool The white background allows the generated profile to be seen clearly

7. Using the Slicer

Do not use the normal lathe chuck for
wood turning unless you must as there is
a risk of gotting & clout from it whan
working with hand turning tools;

Se1 the cone drive with maximum
wetension of the centre and lock it in
position. Mount tha drive tool in a milling
cutter holder, drll ehuck or what have you,
mounted in the headstock taper, Slip a
ferrule over the drive (that is why the
maximum diametar is so long, see Photo
No. 4}, than mount the biilet of wood
between centres again, the extended
cantre of the drive fitting in the 'uin.
drilled hole, driving the wood into the
cone with the taistock. With & pencil, mark
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the principle positions of farrule,
maximum diameter atc, axtanding the
marks all round the billet. They need to be
vigible whan the lathe is running

Hone the top and trailing face of a left
hand knife tool, No mistake - left hand - all
will be made clear. Moumt it in the tool
post at centre height Set your spring
callipers to the internal diametar of the
ferrule plus Vezin, then advance the tool to
the wood, lining up the right hand edge
with the end mark for the ferrule. Start the
lathe, speed about 500 rpm, feed 20 thou
into the wood and traversa left until clear
of the wood. Get the idea? The trailing,
haned adge of the tool shears off the

o R

wood - Photo, 4 makes it clearer, Continue
like this until the callipers slide over the
wood, then carefully pare away the wood
until a drive fit for the ferrule is obtained
Did | mention that the ferrule neods to be
slightly longer than the seat cut for it?
Prass fit the ferrule and remount the billet
then, using the latha tool, trim the ferrule
level with the and of the wood

Set the spring callipers at the minimum
diameter of the handle then, at the
appropriate position, advancea the round
nase tool into the wood untll the correct
diameter 1s obtained. Photo. 5 shows this
operation. The tool post can now be
dispensad with, substituting the wood
uwming rést adjusted 10 centre height less
the thickness of the turning tool, When |
first started wﬂmﬂu.’mn(j, some twanty
years ago, | had to learn from what few
books were available. Thesa books stated
that scrapers were ground to leave a burr
on tha ground edge, the ool baing held
painting slightly down, tha burr daing the
cutting. This works fine for soft wood for a
tima, but in hardwood the burr disappears
right sharpizh, the cutting stops or
becomas difficult. The tool is hiked to tha
grindstone again, and so it goes on. It is
not surprising that scraping has a poor
nama when the suggested method i that
one tears at the wood with a blunt edged
tool. My method, when | use so-called
scraping, is 10 use a tool whose edges
have been honed to a razor edge and
which is presented st centre height. This 15
the methoed | suggest you adopt, especially
on hardwoods. It will not produce the
firngh that a competently handbed knila
ecige tool would, but it will be very
acceptable and markedly better than a
scraped effort with a burréd tool, which is
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agsentially a blunt tool, Think on it.

It should be pointed out that if carbon
tools are used, a finer finish still can be
obtained, simply because one can obtain a
sharper edge in this matanal than can be
worked in HSS, The only trouble is that it
does not last as long as the edge on a
High Speed tool. Photo. 1 shows a
completed handled (ool which was worked
and finished on my metal turning lathe,
using the methods and tools baing
described. In case of comment, the correct
clearance angle had yet to be ground on
the tools. | did some experimenting with
clearance angles to see how shallow |
could get. The Answer, Zero, but | prefer
the 26/30 deg. angle.

Turning the handles

Set tha wood rast at cantre height less
the thicknass of the tool at the tip. You
have polished the top and honed the
edges of your tools, have you not?
Paosition the tool rest roughly central to the
waod billet and abaut 1nain. from it and
run the lathe at about 500 rpm. Starting
about an inch to the left of the
dimensioned centre and with the tip of the
half round tool touching the wood,
traverse the 1ol to the right, gently
pushing on the handie to make the tool
cut, You do not have a built-in aid like the
metal turning rest to find centre - you have
to find it. If the tool fails to cut, your
handle is too low, you are trying to cut
above cantra. Raise tha handle a bit and
try again, the round rest allows this.
Should you raise it too much the wood
will let you know by trying ta grab the
tool. Practice a bit; it becomes a reflex
action after a while. Once you have got the
hang of getting the teol to cut, angle the
tool rest to follow the line you wish the
tool to follow. Now, with the index finger
providing a guide by sliding along the
underside of the round rest, you can work
left to right, cutting downhill at all times.
Photo. 6 gives the idea. You will find that
you will get a much better idea of the
shape you are achieving by placing a light
coloured sheet of paper behind the wood
and looking, not at the tool cutting, but at
the top adge of the wood.

The suggested speed of 500 rpm s
deliberately low just in case you get a
catch when starting out. As confidence
increases, | suggest you try the speed
range 750 10 1000 rpm.,

Using the slicer tool

Photo. 7 illustrates the use of this tool,
Notice | have stopped short of the high
mark. this being so that | will be able to
finalise the shape better, latar, Set the
Shicer tool halfway between the ferrule
and tha high mark with the small flat just
touching the wood, Isthe speed about 750
rpm. Gently move the tool handle to the
left pivoting about the fulcrum of the
thumb and forefinger on the rest, and as
the tool bagins to bita, move It to the left,
aradually Increasing the amaunt of cut
until you run free of the wood, The idea is
1o use the small flat to maintain control of
the cut - in woodturning parlance it is
known as riding the bevel. The photo
shows that one cul has been taken, with
another in progress. The last cut should
astart 'nsin, to left of high mork and finish
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at the ferrule jain to the wood, in a
graceful curve. Watch the top of the wood
and do not attampt to take big cuts. Thin
shavings, litile and often is the rule. If your
tool is nice and sharp, you will understand
why | call it The Slicer

Now use the same technique to blend
in the down slape to the centre, only this
time you do not push tha tool, but pull it. It
wiorks like this. Line up the rest with the
cut and, starting at the high point, lay the
small flat of the Slicer against the wood.
Raisa what will be tha leading edge about
0.002in. from the wood and, keeping the
tool at that angle, work your way down
the slope to the minimum thickness point,
shaping as you go. Sounds difficult does it
not?. Study the action of the tool; properly
executed, the slightly raised leading edae
slices off the unevenness as the tool
maoves along the wood, This may hava to
be done twice, remembering to shape as
you go, Practice makes perfecl. Remember
- watch the top of the wood.

Should you have made a mirror pair of
thesa tools, than you will find that the long
faces of the tool are ideal for working
extarnal curves, with the short faces
waorking the internal curves. All you have
to do now is to shape the right hand side
of the handie, but this time you work from
right to left. The finishing cut is again
made with the Slicer tool

The shaping cuts to the and of the
handle are made with the long side of the
Slicer, starting at the extrema right of the
winod, Remove the wood in thin slices,
stopping short of the live (or dead) centre.
Simply push the tool into the wood at
centre height to make it cut.

A 120 grit abrasive can be used to finish
the job, followed by diminishing grits to a
360 grit. If you have taken care you should
not need excessive sanding. First use the
abrasive against the grain at a low speed,
250 rpm, then work along the grain,
rapeating this with each grit. It is & mistake
to use high speeds for sanding, it only
work hardens the surface of the wood, If
you want to decorate, do it now. Rings, as
in Photo. 7 are made with the Slicer point.

Muount a 5nsin. drll in the drill chuck
held in the headstock taper. As a Tuin. hole
exists in the handle, it is a simple matter
to push the handle on to the rotating drill
without it going astray. If in doubt with
this procedure, then use the tallstock with
céntre mounted to guide and push the
handle on to the drill.

Finishing

The finish is up to you. May |
recommend the use of spirit or water
based grain filler, three coats, each applied
with a brush and allowed to dry between
couts, preferably overnight? When sach
coat is thoroughly dry, sand the filler using
180 grit. After the final coat, sand again
down to 360 grit then usa 1000 grit steel
wool, or 3M synthetic steel wool
{proferrad) with the lathe at a low speed,
working across the gramn at first, then
along it to gat 8 smooeth fimsh. With a soft
cloth, polish the handle. No other
treatment is required, this finish will last
for years. If it gats dirty, give it & wips with
muthylated spirits to restore it to pristine
condition,

As a matter of interest, the handle
shape | have advocatad is known as &

8 Another use for the tool rest -

supporting the torque arm of the tailstock '
die holder when threading

Fishtale by the wood turning fraternity, .
Wood can also be turned by using the half
round tool in the shear position, When

you sharpen a pencil with a sharp knifa
youam shear cutting. Tha knife is held ot
an angle to the wood and one works

- downhill. With a turning tool, the 100l is.

tilted s0 that the edge lies on the rest. Tha
tool must be sharp. The angle at which the
tool is to be held you find by experiment.
sround 30 deg. from the vertical is the

‘starting point for most hardwoods. Work

downhill at all times. Nicely roundad and
polished tool edges are a must for this
mmthod of cutting. The finish, properly
aexecuted, is genarally superior (o normal
scraping. Two points to remember, always.

“work with the grain, always work downhill.

The tool rest has another use,
demonstrated in Photo. B Fittad to the
cross-slide it saves having 1o remove the
tool post assembly to facilitate the .
use of threading tools, 2

= .
Suppliers
Kirjeng M. E. Servicas, 17 Gables
nington, Laics. LE12
W Tel. 01509 672025 High Speed
Suenl toolbits

Tilgear, Bridge House, 69 Station
Road, Cuflley, Harts ENB 4TG Tel

01707 873434 Heavy duty hacksaw
blades

GLR. Distributors Ltd., Unit C1
Geddings Road, Hoddesdon Herts EN1Y
"J'q-l s GTQ@E JTOOQ:. hliﬂ-ﬂl 7‘;.
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A TESTING PROJECT

) mmmmmmmnm idlrawlredaprwoctunwhm to
test its capabilities

er completing my freelance
precision milling machine (recently
ured on the front cover of lssue

of Model Engineer’s Workshop) | necded
a project on which 10 put it 1o the test so
that | could get a feel of the maching in
action, Maybe some problems needed 1o
be ironed out while it was in use. The
‘FOBCO” Str drilling machine came to
mind. It seamad a fairly simple
straightforward machine to model, but. as it
tumed out, not so simple in 12 scale.

After making a few skatches, | decided
that the best approach would be to produce
sach component part on the end of a small
square cast iron block, thus obviating the
problem of holding each small iterm. When
all necessary machining operations had
been completed, the component would be
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removed from the block and finishad by
hand, This was my plan,

Preparation

Thae first thing to do was to prepare
eight blocks of high grade cast iron on my
Raglan milling machina. Thesa blocks
were of variaus sections according to the
components to be produced, but all made
to V'zin. long.

The test

MNow on to the new maching. A new
thres flute '4in. diametar cutter was
secured in the spindle, and block number
one logked in the machine vice, | switched
on the motor and took a touch on the top

Barry Jordan needed o test
project on which to confirm the
capabilities of his small home-
built milling machine. The
resulting model won a Silver
Medal at the recent Model
Engineer Exhibition

surface of the block. After winding out from
tha revalving cutter, | lowered the spindle
0.050in. and proceeded to cut a channel
across the block, No problemn. The next trial
cut was 0.100in., again straight across the
block wathout difficulty. The third cut was at
0.180 inches and this time the little motor
coughed and spluttered. It did not like this
at all - in fact it stallad several imes. | now
know its limitations while cutting cast iron. |
intend to find @ mare powarful motor in the
future, but for now the currant unit is fine.

When the milling machine was
exhibited at an exhibition in the Autumn of
1849, the judges’ report cast doubts as to
the rigidity of the machine’s work head. |
can now assure them that their fears were
unfounded. As can be seen from these
photographs, the work head and spindle
are quite adequate with na chatter or
flexing in use,

The project

Each of the component parts of the
"FOBCO” drill was now milled on the
remaining blocks: the base, table, mamn
head, motar platform and the two halves
of the top cover case. Profiles were filed
and finished by hand and any holes
drilled. Finally, each piece was cut from s

2‘ nur 'mfh sca!a modeln!a FOBCO
‘Star® bench drill which was used as the
test vehicle
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3. The milling machine set up_!nr m- first
test

Sketch 1 The drill base formed on the
end of a cast iron block

host block and finished ready for painting

Facts about the model
‘FOBCO’ drill

All the main parts are made from cast
iron, The main column is of mild steel and
i hollow. The wooden basa conceals a
small electric motor and its 12 voli
battery. Through bevel gears, the motor
drives a vertical spindle, which runs ingide
the mamn column, the final drive inside the
top cover being by two small pulleys and
o belt. Pressing a button on the wooden

Juna/July 2000

4. A close-up of the test
biock. Tha firet two
grooves (0,050in. and

0. 100in.) were machined
without difficulty, but the
third (0.7501n.) caused the
motor to stall

5. The base of the Fobeo’ Star being form

base brings the machine to life, the motor
rotating the drill chuck st a stately 90 rpm.

The model is displayed in a replica of a
clear pill bottle complete with label. The
bottle’ provides protection from sticky
fingers at exhibitions and is made from
acrylic rod {Perspex). This bottle is the
final one of three produced as the first two
ware not to my liking.

A few sketches and fifty seven hours
latar - hoare it is - THE PERFECT TESTING
PROJECT.

Since this article was written, the Miller
has won a Gold Medal and the Bowyer
Lowe Challenge Cup at the International
Medel Show and the Drill in 8 Bottle has
won a Silver Medal

Just as a tailpiece,
some mole gripping
stuff!

As with all model engineers, | never
pass by a chance 1o add 10 my collection

ed on one of the cast iron blocks

of topls in the workshop. On a fine Sunday
maorning a few months back, | was
travelling along the 88013 in Derbyshire
and spotted pair of Mole grips lying across
the white line in the centre of the road. By
the time | had stopped the car | was about
fifty yards further on.

As | was getting out, another car, geing
in the opposite direction, pulled up about
the same distance beyond the grips. Both
the athar driver and | staroed 10 walk down

ﬁ‘mmmdiupingﬂn
component as part of the host block for
as long as possible can be clearly seen
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7. Machining the top and
bottom belt covers for the
drilling machine

the centre of the road. The pace quickened
until we ware both in a full gailop. We
arrived at the Mole grips at the same time.
Skidding to a halt, too out of braath to
speak, we simultaneously looked down at
the bounty, and then each other. He looked
raal mean. Shaven head, large ear ring and
the infamous camoufiaged jacket. You
know the type. He thrust his hand down

into his pocket. My first thoughts were “Oh
no! He's got a gun. Surely he wouldnt
shoot me for a pair of Mole grips worth
£87

He slowly pulled his hand back aut. By
this time my legs had turned to jelly, to
weak to turn and run, | will never forget
the look on his face as he opened his hand
to reveal a ten pance piece.

8 An abortive aﬂompr at prod
suitable bottle from Perspex

ng a

9. The completed machine in its pill
bottle

There, in the middle of the road, we
flickad the coin, As he strutted away with
his prize, he punched the air with his fist
and shouted "YES”™

I now drive around in & pair of Nike
trainers, just in case. Anyway, what did |
want a pair of Mole grips for? No self-
respecting model engineers use them, do

thay?. °
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/TURNING FOR BEGINNERS ) /.

Harold Hall brings us the
first instalmant of an
instructional course in the art
of wrmning.
Each article
will detail the
manufacture of a useful
item, prograssively
introducing the various

facuts of lathework o
that, by the end of the
Ccourse, newcomers to
the hobby will have
gained experience on
the full range of
capabilities of the screw

wlling centre lathe. J

Issue on sale 14th July 2000

st KA Ry

AN APPRAISAL OF THE WABECO
CNC MILLING MACHINE

IMPROVING THE \
VERTICAL MILL
By adapting a simple device,
inventad by a well-known model
snginser over 40 years ago, David
Machin has improved the location
of the head of his milling machine,

( A TOOLPOST GRINDER \

Designed to fit a Harrison LS lathe, Enc
Eadon’'s adaptation of a mini drill could be
modified to fit a wide range of machinas

(Contents may be changed)
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Turning a

Torus

mﬁw worked like a charm,
; mmmm mn: na inunM

 into gesr and came up with m’fﬁm gl

foraste of Honduras and fell a fine
mahogany trea and cut from it the suitable
blanks, tuming the outsides to the correct
diametar and drilling the centres i, for a
draw balt; the grain direction of the wood
must be across a diameter. Face off the
front of the woodan disc to finished
thickness for the torus and place the
blanks on ane side to season while you
make the tool for cutting the radius.

Radius tool

For a toroidal section of &sin. you will
need a short length of gauge plate say 34 x
Tiain, The philosophy is to provide a
clparance on all aciges of 8 deg. The first
operation is to face the end at an angle of
8 deg. and 1o follow this by machining tha
two gides to a similar clearance, so that
you have formed something like a giant
exaggerated parting tool.

Now set the blank horizontally in a
machine vice, the corner of whose jaw is
set as the datum point of the machine,
Next move the Y slide exactly 0.375in. in
order that any cut may be precisely on the
cantre line of the tool stesl, With a 5zin,
and mill in the spindle collat or tool-holdar
advance the X slide to remove metal
0.313in. deep, forming a perfect semi-

circular shape, In
this form the tool

R 5!18'

Form Tool
Harden & Tempsar to Straw

Bottem of Tapers “washed away" »

would not cut,
since we have
not provided any
clearance, so
clamp the
embryo tool to
the lathe
faceplate using
two clamps for
\ salety and
counter-balance
the assembly on
the faceplate with
say a couple of
changewheels in

order to achieve

- Potential Conflict Point

a good balance

/_,—"_ = _ Crosz Saclion o! Torus and avoid
> ~ o vibration. In
75 R order to mount
vt S the tool with its

semicircular
scallop running
true, provide a
Swin. dia, former
sticking out of
the tailstock
chuck for a
reasonable
degree of
location, Before
finally tightening
the clamping
bolts the semi-

circular surface

can be clocked, any sccantricity being
corrected with the aid of a soft hammer.
S0 we now have the tool running true on
the faceplate. Set over the top-slide to

8 deg. and with a sharp boring-tool taper
the haif bore until you just clean up the
whole of the original paraliel section to the
naw tapared profile.

If you now carefully examineg the tool
you will see that all relevant surfaces are
relleved to the same extant. To make it
ready for usae, harden by raising its
temparature for a faw saconds to bright
(cherry) red and plunge vertically into
water. Now rub on a carborundum stong
until bright all over the top surface.
Temper to mid straw colour by heating
slowly, avoiding flame impingement
anywhare near the business end of the
tool. As the temperatura rigses you should
see the colour of the unmachined mass of
the blank gradually change to straw, If you
withdraw the heat source the colour fromt
should ¢creep towards the cutling edge.
When it reaches it the job is ready for
quenching again. Examine the cutting
edge; a final hone on a diamond plate or
abrasive block ensures that the cutting
edge is kean.

Cutting the Torus

Mount the form tool exactly at centre
height in the lathe toolpost and maka sure
that at its innermost point the lower edge
of the tool will clear the wark. If relief
should be necessary, provide this by hand
grinding. As an aside, you can check by
geometry whether there is a nisk of the
tool fouling the job as indicated in the
second sketch, thus: if the tool height is
1ain, and the clearance angle is 8 deg., the
radius at which conflict stans 1o actur is
given by 0.25/(sin (8x2)) = 0.907in. This
means that in the example under
consideration the inside radius of the torus
(2in. - %gin = 1 3win.) s well clear of the
ingide adge of the taol and no further
clearance is necessary.

The blanks of wood can now be fixed to
the faceplate by means of a single draw-
bolt through the lathe mandrel. If the bolt is
steadied by a bush inside the mandrel so
that it runs true, then the wood will also
run true when it is reversed on the
faceplate. Move the cross-slide out so that
the tool is at the correct radius for cutting
the circular section and LOCK the cross-
slide rigid. With the lathe turning at about
800 rpm feed the carriage in slowly fora
distance of 0,313 in. This should give a
perfect semi-circular section to the job.
Now turm over on the faceplate and repeat
to the same depth, at which point the torus
should pan parfactly and reamain supportad
in position, crwblmg the ring to be
removed and admired! How is that for job

gatisfaction? 91
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A SPINDLE CLUTCH
'FOR THE SMALL LATHE

(14)

ONE INCH

Fig. 1 Motor end of countershaft showing new eluteh assambly

ere must be many readers of MJEW.

who have enjoyed the extra

convenianca of a latha equipped with a
headstock spindle clutch, The present wriler,
who spent many retireament years in front of
his Myford Super 7B lathe, moved into a
smaller house and was ‘down-sized’ to tha
Myford ML10 model. Cartainly, this
excallent small lathe has many desirable
features, some of which are lacking in
certain models of the Myford Series 7
machines. Nevartheless, much teo often,
thie writer found his hand reaching up for
the clutch lever to arrest the chuck’s rotation
for a moment. As a result he decided to
wequip his ML10 lathe with a headstock
clutch. The present article describes the
construction of the clutch which, in some
ways, the writer feals is superior to that on
the Super 7.

The drive of the ML10, and the Myford
Speed 10 lathe, is o pulley system, mounted
On a separate cast-iron countershaft anm

1 and Z, tlem 1). The countershaft
pulley of tha ML10 lathe has a flat outer
surface, whoreas the Speed 10 pulley is
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smaller and recessed on its outer surface to
pravide a depression for a grease nipple.
This depression can be deapened and
medified so as to provide the female
surface of a metalto-metal cone-type clutch,
similar to that on the Myford Super 7
machine. The deepaning of the pulley
racess and the tapering of the walls of the
depression leave more than adequate metal
for the satisfactory operation of the
countershaft, yet provide sufficient conical
surface on the pulley for geod clutching.
The countershaft of the ML10 lathe is a
solid Sain. diameter rod, carrying at the
‘motor end’ the pulley mentioned above (2}
and, at the other overhung and, a three-step
diacast pulley which drives the headstock
spindie (3). Rather than attempt to axially
drill this countershaft, the writer ‘shopped
around’ and was given a langth of barral
staal with 8 0.32in. bore which, after
reaming, provided a satisfactory hole to
accommeodate the ®nein. dia. clutich
disengagemant rod. No doubt an alternative
shaft could ha made from any suitable
heavy walled tubing of acceptable size, the

When Professor Reg. Cane of
Tasmania exchanged his
Myford Super 7B lathe for an
ML10, he missed the headstock
drive clutch, so constructed this
effective replacement

bore of which could be bushed down, In
appropriale positions, (o supporn the
disengagement rod. The replacemaent shaft
{4) was turned down and sized smooth to
Szin. dia. so as to be a satisfactory fit in the
two ‘Oilite” bearings already fitted to the
countershaft arm. However, the langth of
the replacement countershaft has to be
about 10'zin. for reasons which will
become clear later in this article.

It was necessary to construct a suitable
base for the declutching mechanism on the
far side of the countershaft arm, and also to
provide a third bearing which needed to be
collinear with the existing two ‘Oilite’
bearings, but mounted on the far side of the
three-step pulley which drives the
headstock pulley. Because of the cross-
sectional configuration of the countershaft
arm, after much thought, it was realised that
the returned edge of the casting would
readily accept a langth of 1in. x Tin. x 'sin.
angle-iron (5) which could be directly bolted
along, and on top of, the right hand flange
of the casting. By this means, a firm flat
surface, at right angles to the plane of the
countershaft arm, could be provided to
mount the additional bearing and the
declutching mechanism. In order to allow a
sultable clearance for the additional ixtures,
the motor was removed from its original
position and remounted on a separate base,
hinged at the bottom, and the hinge bolted
to the bottam of the countershalt arm. This
‘swinging’ motor mount had another
advantage as, by putting a multi-sheave
pulley an the motor shaft and altering
motor distances, a variety of spindle spesds
could be obtained; of much use in milling
operations.

Although thought was given to the use of
cams for clutch disengagement, the final
simple solution was to use a screwed rod,
termed ‘operating rod” (6), which could be
slightly urmed in, or out, to provide enough
lateral rmovement to operate the clutch,
about Lein. baing ampla. The final choice for
the operating rod was a 3'zin. length of
*rin, dia. 8 tpi square-thread rad. Two Tin. x
1zin. rectangular pieces of steel, "2in. thick,
ware sandwiched and boltad together to the
face of the top of the angle-iron. One piece
{7) carnied the third bearing and the other
piece (B) carned the operating nut of “top-
hat' shape (9), hoth fixed in position by
Loctite. The method of mounting the
bearing and the nut is shown in the cross-
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The male portion of the clutch consisted
of three parts. The clutch plate itself (14),
which was a truncated-cone disc of
aluminium alloy, ®1sin. thick, bolted 1o the
backing plate {15). The backing plate, of
Inin. hard brass, 3'zin. dia., was provided
with a domed central bass (16) which
housed the inserted hex. socket mentioned
earlior, Tha general assambly can ba
deduced from Figure 1 (holding bolts not
shown) and from the photograph of the
whole clutch shown in an ‘exploded’ view in
Photo. 1. The small fitting on the far laft of
the photograph is a steel insert (17) into
which the disengagement rod (18) was
scrawed and upon which the
disengagemant thrust was axerted.

In order to install a spring to maintain
aood compression between the clutch
plates, the bore of the countershaft at the
distal end was enlarged to 3ein. for a depth
of about 6in, The declutching rod was a
length of Bnein, silver steel rod threaded at
one end and screwed into the clutch boss.

Fig. 2 Headstock drive end
with operating mechanism

section drawing of Figure 2, and can be
soen in Photo. 1. The right hand end of the
operating rod was shrouded in a shaped
piece of 1in. dia. aluminium, provided with
a cantral hole to accept the end of the
operating rod and fixed in position by a
grub screw, In addition, a length of %ein,
dia. steel rod, with a hand ball, was fitted at
right angles to the shroud to act as an
operating lever. The arrangement can be
seen in the photographs.

The bolt holes for the sandwiched
mounting plates carrying the bearing and
the operating mechanism were made
slightly oversize and the holding bolts
barely tightened. After the new countershaft
had been fitted and the assembly adjusted
for minimum rotational friction, the bolts
were firmly tightened, thus assuring
collinearity of all bearings and the nut. After
final adjustment, the plates ware pinned in
pasition with metal dowals. In Photo. 1the
operating rod has been deliberately
serewed out 10 axpasa the thread and the

1, The countershaft arm and motor,
showing the new clutch arrangement. The
clutch and its operating mechanism are
seen in an ‘exploded” position, so as to
illustrate the construction
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nut. It is in its normal
position In Photo, 2.
The lower lever
shown in the
photograph is the
balt tightening lever,

somewhat modified 2 The lathe headstock and drive assembly with the new clutch

from the original
Myford shape to
allow for extra
clearance.

The recessed Speed 10 pulley, in the
declutchad condition, needs 1o ba freely
rotating on the countershaft whereas, in
the engaged state, the pulley needs to be
connected to the shaft. To allow smooth
rotation during disengagemaent, the centre
bore of the pulley was enlarged and a
bronze shell-bearing (10} fitted in the
larger hole. After sizing, the pulley was a
free fit on the countershaft and kept in
lateral position by a pair of recessad
circlips and washers (11). The next
problam was to provida a mechaniam to
parmit movement of the male clutch-plate
for disengagement. Often such movement
is allowed by a spline but this was not
possible with the available facilities. The
alternative chosen was the usa of a short
length of hexagonal steel ("zin. across the
flats) sliding in a corresponding hex.
sacket (from a socket wranch set), the
latter being made part of the clutch plate
backing. By this device a powerful drive
could be imparted to the shaft, whilst
parmitting sufficient lateral clutch
movemant for disengagement. The hax.
stub {12) was fitted into a hole in the end
of the countershaft and brazed into
position, The female hex. socket (13) was
forced into the boss of the clutch backing-
plate by a press,

pufleys to be used

components in their normal operating positions. The additional
swinging motor mounting plate allows a wider range of drive

The other end was countersunk to accept a
small steal ball (19) which impinged on the
end of the operating rod. Lateral movemeant
of the operating rod was thus transmitted,
with little friction |, to the far clutch plate.
The compression spring (20), fitting over the
declutching rod, was held, at one end, by
the inner shoulder of the countershaft bore
and by a fitted collar (21) on the declutching
rod at the other end. Some adjustment of
the strength of compression could be made
by altering the extent of the ‘screwed in’
position of tha rod into the cluteh boss.
Thus the clutch could be made to slip under
excess load, if found desirable.

The clutch is operated by swinging, up or
down, the oparating lever seen in the
photographs. The position of the operating
lever could be adjusted by slackening the
grub screw in the shroud and refixing. For
reasons of clarity, the belt guards have been
removed and the spindle drive belt has
been tied. The replacement adjustable
molor basé can be seen bebind the
countershaft arm.

The clutch has bean in oparation for a
number of years and, apart from remaoving
traces of oil from the clutch faces, it has
given very satisfactory service; an asset 1o

ny ML1 he. ;
any 0 lathe 165
|~
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Making a small

Newcomers to model

engineering frequently choose
a small steam engine as their
first project. Harold Hall gives
some suggestions on
machining one of the more
difficult items

etting on for a couple of years back, in
Issue 51, | described the use of some
simple Jigs and fixtures as an aid to
lathe work. The vehicle on which the
machining operations were carmied oul was a
simple steam engine, the Stuart 10V, One
major componant | didn't mention in that
article was the crankshaft as | had decided to
take a different approach to the manufacture
of that item than that suggested by Stuarts.
The drawings suppliad with the casting sat
suggest that it should be fabricated Trom five
piecas of steel, and that these should be
fixed by silver soldering or an adhesive, The
five parts ane, the two jourmnals, the crankpin
and two webs. Neither soldering nor
adhesiva appealad to me as | lackod
confidence that | would get the components
aligned accurately. An earlier T0H kit was
supplied with a one piece forging and as |
found the machining of this an interesting
procoss, | decided to maka this new shaft in
@ similar manner, but this time from a single
piece of mild steel.

The machining of crankshalts seems to
be somathing atempted quite frequently
in home workshops, and as the simple
single cylinder steam engine is a project
frequently ehosen by neweamaers o the
hobby; | thought that there may be a
significant number of readers who would
be intarestad to see how | tackled the job.

1. Drilling each end with two centres for use as in Photos 2 and 5

One piece construction

The ends of the contral webs are
radiused and these, with the two journals,
were (o be machinad betwoen contros. For
this, both eands would have to be centred
twice, A special fixture was also to be used
to turn the crankpin.

A pisca ol steel was sawn, both to
length and width, and from this the
positions for the two centres calculated, as
was the amount of packing required (o
bring the shaft to the height for centring,
as shown in Photo. 1. For such operations,
| have measured the lathe centra haight
above the lop shde surface and noted this
for reference whan required. After
mounting in the top slide, the edge of the
matenal was moved 1o just touch the

largar diametar of tha centre drill, and then
wiound clear using the top slide. The cross-
slide was then advanced by hall the centre
drill diameter to align it with the edge of
thie matarial, The dimensions calculated
above were used to traverse the cross-
slide, and the two cemtres drilled. The
othar ond was centred similarly.

Turning between
centres

This project provided the opportunity
for making two small driving dogs, one 1o
1ake tha rectangular matarial from which
the crankshaft was madea, This is sean in
use in Photo. 2 whilst the radius on the
ends of the webs were being machined. It
is termpting to make do with somoa
available item, maybe a small toolmaker’s
clamp In this instance. Thera is, though, &
sense of security in having @ proper el
for the job.

It wag unnecessary to raversa the shaft
10 wrn the radiue from both ands, as it is
only required in the central portion. As the
cut is intermittent, the dog is firmby wired
to the driving pin, Even with a continuous
cut | feel that this worthwhile.

At first glance Photo. 3 appears to be
identical to Photo, 2. Closer examination
ghows that tha shaft is now mounted on
the other two centres and a small portion
has been turned close to the tailstock
cantra. This is a little larger than the
aventual journal diameter and acts as a
guide for cutting away surplus material.
Both ands ware similarly wrned. The two
joumals could have been machined fully at
this setting, but the imtermittent cut would
have made it a lengthy process, so the bulk
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3. Turning a short portion of the end journals to use as a ﬂ‘l.dddf when sawing away the
excess material to bring it to the form shown in Photo. 4

Gisle ' R MR L
of the surplus metal was sawn away, as
shown in Photo. 4. A hole was also dnlled,
as a stantar for ramaving matal batwaan
the two webs, The shaft was returned to
the lathe and the first journal machined to
diamater and length, as seen in Photo, 5.
Note that the single hole between the two
webs was left in this form for this stage of
thé machining. The reason being that, had
it have bean sawn out as will aventually ba
required, it would have make the shaft
considorably less rigid. A second lathe dog
was made for the smaller diameter now
being held. The shaft was then reversed
and tha second journal machined, m_;m'n to
diamater and lengath,

Crankpin turning
fixture

It was now time to tum the crankpin and
for this, the fixture seen in Photo. 6 was
made, and used ag in Photo. 7. Tha hola in
tha fixture has 10 be off-centre by an amount
equal to the centre distance between tha
journals and the crankpin. This can be done
by mounting the fixture in the 4-jaw, and
using a dial 1ast indicator set the total
indicator reading 1o twice the centre
distance. The hole can then be drilled and
borad 1o &lze. Two grub strews, from the
side, hold the crankshaft in the fixture while
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the crankpin is being turned, A soft brass
slug should be positioned at the bottom of
aach hole so that the grub screws do not
damaqe the finished journal surface,

This fixture works very well, but |
cannot claim that the idea is mine,
However, like s0o many things, once the
sot-up has been used, o possible
improvement can be racognised. If doing
this again, | would make the slot across
the fixture almost as deep as the sventual
finished dimension of the web. A grub
screw could then be provided to grip the
sida of the wab, in addition to the two
gripping the journal, This would result in a
significant increase in rigidity

Turning the crankpin was carried out
using a narrow parting type tool and the
sides of the webs faced with left- and
right-hand knife tools. | did have some
problem with chaltér, but using o narrower
parting tool would have helped, as would
the additional screw mentioned above,

Photo 8 shows the finished crankshaft
with the two dogs and the crankpin
turning fixture. This was an interesting and
satisfying project, and a method that | can
thoroughly recommend.

Other methods

Of course, the mathod described above
is but one of many, some totally differant,

| required

4. The crankshaft roughly out
to shape to minimise the
amount of machining

soma
only

varations.
One variation
would consist of making it
from three pieces, each end
journal with a single web, plus the
crankpin. The single end journal and
wab radius would be tumed between
centras, genarally as in Photos. 2 and 5.
Tha web would ba much thickar to allow
for the centre drill impressions. Each end
journal would then be mounted in the
fixtura in Photo. 7 and the web machined
to width and also drilled for the crankpin.
This hole would be smaller than the
crankpin 1o allow the crankpin 10 be made
with steps in the diameter, thus ensuring
that the webs were easily assembled at the
correct spacing. A crankpin would then be
turned and fitted using adhesive and the
two journals placed in vee blocks to
ensure correct alignment, Finally, the
crankshaft would be mounted between
centras, generally as in Photo. 5, 10 skim
over the outer faces of
the webs and the
crankpin.

7. Machining the crankpin using the
fixture shown in Photo. 6

8. The compni;l“'i;!r with two
driving dogs and crankpin turning fixture,
all three iterns being made specially for
the project

N



provide
combination of heights on to which to set
a workpiece

Precision Matched
Blocks

Thasa blocks (Phots. 1) are vary ugaful
for layout work on a surface plata, (raising
work up to a comfonable height), or as
pracision packing an the lathe cross-shide.
They can also be uged as parallels on the
milling machine or drill table, offering the
choice of heights of approx. 1in., 1'zin.,
2in, or 25min.

Ideally, they should be case hardened
and ground but, with care, they can be left
soft, provided that they are carefully used
(and stored!) My own blocks are soft.
Construction is straightforward, but a few
words may guide someone out there, The
essential dimensions are shown in

Figure 1.

Detail 1

Usa 2in. x 1in. bright mild steel stock
which should be cleaned up and the ends
brought square by milling or filing - a5 a
pair. Accurately mark off all hole positions
on both sidas, then centre dot and centre
drill deaply, again on both sides,

Flush off all faces with a fine Swiss file
then with the block standing on a 2in, x
1in. end face, clamp to an angle plate
which will fit an the drilling machine table.
After lining up one hole, clamp the angle
plate to the table. Using a sharp '4in. dia.
drill, drill halfway through and follow up
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BLOCKS &
TRAMMELS

Len Walker suggests that adding these simply made items o the
workshop inventory would aid marking out and other operations

with an Maz2in. dia. drill - without moving
the work.

Repeat for the ather two holes, and
lightly chamfer all three. Again flush off
wsing a fine Swiss file.

Raverse end for and and repeat the
drilling sequence as before, breaking
through into the existing holes. The
reason that these three are drilled first,
thraugh solid metal and from both ends, is
that they are the longest and we want to
minimise the chance of ‘run-out’.

The four side holes are drilled next,
wsing the same mathod (i.e. from both
sidas). Go easy - the drill has to cope with
an imerrupted cut,

Finally, drill the twelve holes in the
25in. x 2in. face, with the work firmly

clamped 1o the drill table, this tme with
great care. You can drill right through from
one side, but watch out for turbulence
halfway! Clamping is essential,

Next, using a sharp cutter, lightly
countersink all holes neatly, as shown,
Prove on an odd piece of BMS - nathing
laoks worse than a group of badly
countersunk holes. Neatly chamfer all
edges and corners, then a light rub on 600
grit wet or dry paper (on a surface plate)
will remaove any burrs from the six faces.

An alternative method of drilling
Datail 1 is to clamp the block, packed up to
centre height, to the lathe cross slide and,
using the three jaw chuck, drill from each
side as before. This offers more room for
drill changing, which may be restricted on
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 Fig. 1 Pracision matched blocks - 2 off each, mild steel
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a small drilling machine. Each face of the
block is set parallel to the chuck face by
trapping a stiff 12in. steel rule between the
chuck and the work before clamping.

Line up each hole using a centre drill
held in the chuck, Lock the cross-slide and
drill halfway as before. around all four
edpes.

The remaining 12 holes can now be
drilled, the block being clamped to the
drilling machine table, as before. Again,
with care, these can ba drilled right
thraugh, but do clamp securely.
Interrupted drilling always calls for a
steady hand on the tiller. Countarsink,
chamfer and deburr as before.

Whichever method you have used, the
blocks can now be casehardened, if you
have the means. As | have mentioned in
previous articles, if you are lucky enough
to have a fnandly local Technical College,
hardening and grinding may not be a
problem.

Grinding

The majority of the grinding should be
carried out with the blocks set up as a pair.
First grind the top and bottom (298in, x
2in. faces) parallel, then grind the two
edges (254in. x Tin.), with the blocks
clamped to an accurate angle plate. Next,
grind both 2in. x Tin. end faces square and
parallel.

Clamp one block to the angle plate and
sel tha 2%sin. x Tin. face square to the
magnetic chuck face, using a trysquare,
then grind. Reverse and grind parallal.
Finish the other block to match. If your
anglo plate is fitted with an end fence, this
is where it comeas into its own - for
squaring up work - no sweatl

Detail 2

The procedure 1o ba followead is, of
course, similar to that used for Detail 1,
but this time using 2in. x Tin. stock

Clean up and mill both blocks 1o the
1'zin, dimension, as 8 matched pair. Mark
out the position of the 5ain, dia. hole on
ona end of each block and centre dot. With
each block hald in turn in @ four jaw chuck,
set the centre dot to run true, centra drill,
drill 1in, dia, right through then open out
to ¥a2in. diamaeter. Finally bore to Sgin,,
dia. and chamfer the bora. Reverse in the
ehuck, sot the bora running trus and
chamfer the other end.

34

2. The beam compass or trammel may be used with a pencil for drawing purposes or with the alternative scriber points for marking out

Neatly chamfer all edges and corners,
then the blocks can be casehardened and
ground, using the routine described for
Detail 1 {grind the top and bottom faces
parallel, as a pair etc.). A very light
‘matching’ lick on the surface grinder, over
the completed pairs of blocks, will
Quarantes sccuracy.

I hope that you enjoy making and using
these useful items of basic kit. | store mine
|as usual) oiled, in a strong plastic bag - all
in a cigar box (| usually scrounge one at
Christmas!).

A Beam Compass or
Trammel

This is a simple davice, shown in
Figure 2, which can be used for work on
the drawing board or, by ¢changing the
‘points’, can be used 1o scribe radii on
mietal (Photo. 2).

During a move from a house to a flat. |
had to "'unload” s0 miesch stuff, including a
Myfard lathe (now happly bought back),
and some drawing equipment, which
included a nice beam compass.

Some time later, we bought & new spin
dryar {a smaller round one) and in order to
make a worktop, | had to mark out a series
of circles on plywood and on the stumpy
supporting legs, Always a glutton for
punishmaent - just to "get it nght” - | made
this gadget. Who said that the snag about
starting jobs was that you always needed
to make something elge firgt? Anyway, it
does tha job.

Being easily set and very rigid, so much
$0 that | added the altarnative matal
scribing points, the length of the ramin
wood beam allows a 12in. radius 10 be
struck, It could even be made longer to
Suit larger work.

Construction hardly merits much
commant, but the sequence of oparations
may guide mewcomars to our hobby.

Make Detail 7 first, bent up around a
piece of 1in. thick bright mild steel with
nicaly radiused adges, This can than be
ueed ag a gauge for tha baam (Datail 1),
aiming for a nice sliding fit along its whole
length.

Transfer the two holes for the Visin. dia.
pins from Detail 7 to Detail 9 to maka sure
that they match up. then fit the threaded
bush, Dotail 8 to Detall 7. The %22 spigot
needs ta be turned so that it is a drive it

Next, assamble tha pins (Detail 10) 10

Detall 9, using a "nein, dia. hole in a scrap
of Tuin thick steel as a guide, 10 ensure
that the pins are truly square. Make sure
that the thread on the clamping screw
(Derail 11) is a close fit in the bush (Detall
8l
Make Datails 2 and 3, soldering them
together and drilling for tha 'nain. dia. pin,
but don't fit the pin yet

Now make Details 12 and 13. | used a
‘shoulderad point’ fram an old pair of
compasses for Detail 13, Araldited in
position. Don't bé tempted to use the
deadly ‘spike’ found in school compasses,
as they go on boring their way through
the drawing paper and into the board for
everl

The beam (Detail 1), now to width, can
be drilled to take Detail 12, A piece of
spare ramin, clampad to the end of the
beam in a drilling vise, will allow the off-
centra hole to be drilled accurately. Drill
a clearance hole for the 4BA countarsunk
screw as shown than, with Detail 12
clamped in position, drill the 1ein. dia.
hole in the beam, using Detail 2 as a jig.
and fit the pin (Detail 6). Tha nut (Detail
5) is partly pressed into the beam, as
shown in the G.A., in order to prevent
rotation.

The beam, aftar adding chamfers and a
final rub over with fine glasspaper, should
be given two thin coats of polyurethane
wvarnish (satin coat) This will give a durable
finish.

A humbile ‘dog-and’ of pencil is all that
i§ required for detall 14. | used one with an
hexagonal section - a flat fits nicely
against the beam. In use, Deatail 7 slightly
indents into the hex, cornars, providing &
secure anchorage - all for freel

For metalworking

Make Detail 16 from silver steel,
hardening the tip and tempering to straw
eolour. For the other and, form and drill
Detail 16 to take a 'nein, dia, silver steel
scriber, hardened and tempered to pale
straw. Araldite the scriber in position,
along with tha aluminium sleeve, as
shown on the detail, Machine or file the
flat, keeping it parallel along its length.

A useful tip, (sorry about thanl) is te fit
corks over the shouldered “drawing-point”
and the metal scriber, to protect them (and
yourself) from injury.

Wall, thare tis -Happy marking out.
Good luck, and work safely.

Madel Engineers’ Waorkshop



CNC FOR PRACTICAL
ENGINEERS

= Acquiring data for CNC

In a previous series of articles (Issues 41 to 47), Richard Bartlett introduced his “Compucut’ CNC
system and showed how it could be used in the home workshop. Subsequently, Peter Rawlinson
built his CNC machine, described in Issues 53 to 56, around this system,

Richard now describes some recent develo

To recap

In the Introductory articles, the control
files were composaed in one of three ways:

® by entering the number of steps
diractly in the taxt editor, as one
would when typing an operation sheet,

® by drawing the component and then
the required cutter paths in a CAD package
and saving these to a .PLT file

® by drawing out the component 1o a
large scale on graph paper and

counting the squares to arrive at the
required sequence of steps, which could
then be edited into a control file.

What all three of the above methods
hawve in common is that they can produce
‘hard data’, by which | mean that each
cutter path can be checked back from the
component specification or drawing and
be re-calculated to plus or minus one step.

The dimensional accuracy and therefore,
the success of many metal cutting projects
obviously depends on maintaining this
quality of control data. If you are going to
produce a batch of con-rods for a Vee-12
engine, then drawing in CAD is the way to
derive the data. Similarly, if your are cutting
clock gear wheels, the program can darive
the data directly from the parametnc
equation of the tooth form. Even then it is
somatimes required to improve on what the
entry level CAD packages offer in circular
resolution, for exampla when milling arcs.
Post processing programs for drawing data
such as Compucut’'s CIRCDATA can provide
higher resolution for the production of
smoothly milled arcs and circlaes.

Going ‘soft’

Not all CNC users need to accept the
constraints of ‘hard data’. Many
anquiries/quaries over the past couple of
years have been made by modellers,
sometimes working in matarials other than
muetals, whose machining parameters are
based on ampirical data, the results of
which may be assessed on a quite
subjective basis. For them, if it looks night,
and it can be reproduced axactly, then it is

June/July 2000

1. WoliCraft adaputl;r:ra & 3-axis router

rightl, This article is aimed at describing
ways in which the ‘soft’” data for thesas,
often 3-D applications, can be conveniently
acquired.

‘Soft’ data will be taken to mean: “Data
that is derived by a computer program in

ts and describes the process of digitising from a
template or similar solid model.

coenjunction with external hardware aids
whan usad to digitise a two or three
dimensional template, model, photograph,
tracing, or aketch”™, :

The aids to be described include self-
build stylus copiers, digitising tablet,
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scanner, and digital camers.

There are several formats for CNC data
files, bur as the examples shown here ane
producaed under the Compucul systen,

oty those formats will be described in any
detail. However, the techniques described
should be ransferable 1o any other 2 or 3-
axis CNC system, but it is essential to hold
the final machine configuration in mind
when deciding on how best to digitise the
required profile.

Althaugh this first article s not about
machine design, it is worth noting at the
“outset. that once wa go from manual
‘operation 1o CNC, the factors which affect
‘the compromise between rigidity, cost,
accuracy and ease of production are
welghted very diffarently. The photographs
of two differing machine configurations
will emiphasise this point.

Photo, 1 depicts engraving using a
small averhesd router kit based on a
widely evailable compound table, built in

.z,ACouwuudtwmadrﬁwmwfonﬂﬂaﬁ;rbi

ne rotor
the usual XYZ ‘rectilinear” configuration
(this simply means that all axes are
mutually perpendicular). Photo. 2 shows
the DIY Campucuttar built in the lass
common configuration of “curvi-linear’ - |
have borrowed the word from chart
recorder terminology. It means that one
axis moves in an arc. If this were a
manually operated mill, we would need
to convert each true vertical movement
against a calibration table 16 arrive at the
actual vertical leadscrew turns plus a
correction n the horzontal axis. As the
computer can be made to do this for us,
the obvious advantages of greatly
improved rigidity and ease of
construclion are l"-U'H as L!IIT!CJS[ fFl.IIJ
beneafits, There is the ‘once-only’
overhead of producing either a
calibration file or @8 compensating
digitising board.

The following axamplas will be
produced to run on oneg or the other of

3. Compensating digitising board set to 5x scale of the Compucutter
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these machines. Note, the demo jobs are
examploes of ‘How it might be produced’
rather than "What shope to make it’

A worked example

A typical example of projects which
involve digitising from a template is the
manufacture of a twurbine rotor for a maodel
gas turbine engine. The rotor will be milled
from circular blanks of alloys of nickel,
chromium, molybdenum and manganese
which are very prong 1o work hardening if
the cutter is allowed 1o rub. The configuration
of the Compucutter was chosan to make it
vary ngid and with ample powar for milling
wrbines up 10 4in, diameter,

Getting the data for
the control file

You start with an idea for & prototypa
turbine blade profile, In this example, the
blade section is uniform with a root radius,
Because it is easier and cheaper, the radial
indexing will be done manually by using a
gear whesl with a tooth count which is an
integer multiple of the number of blades
on the hub. This is located together, with
its indexing pin, on a ‘bed plate” in the
Cross vice

The terminology for the Compucutter
motions is Vertical, Horizantal and Axial to
the spindle. This means that the ‘chord’
{leading exige o trailing edgeal of the blade
profile lies approximately on the vertical
axis, the thickness of the blade is generated
n the horizontal axis and the blade length
{tip to roat) lies in the axial axis.

Skatch your blade profile at a size that
is easily cut with tinsnips. This limits the
smallest size, as the larger the template
the easar it is to cut, Increase this size to
give an integer value for scale, | find that
five times is convenient, Cut the super
scaled template lor your protlotype blade
from Tmm aluminium alloy shaet and
smooth the edges. Drill a hole centrally
for 8 mounting screw of a size whose
head s contained within the template
profile

Mount the template on the digitising
board (Photo. 3) at the angle of attack you
think appropriate. Mark the position of the
tail of the tampiate on the board to give a
datum for this anpie. Mount a stylus of
diameter equal 1o your proposed cutter
thamatar multiplied by the digitising scala
{6x in my case). Check that one of the
limit wires from the interface is connected
to the stylus as the "SENSE’ and that the
template is connected to Ov.

Check that the template is not upside
down. It is eaasy 10 make this slip, but the
turbine rotor will have been designed to
spin ona way only (laft hand threads
atc.). Move the stylus to the datum
position, with the top edge of the stylus
level with the trailing edge of the
lemplate and to the left of the lizmpl.lln
Aun the digitising program to progress
around the template in a CLOCKWISE
direction; this is important as this will
produce the desired ‘climb’ milling. The
rule is to digitise clockwise for an
external profile, anti-clockwise for an
intarnal profile,

Follow the program prompts and you
will hinally be asked to name the hle which
will be saved to disk

Model Engineers’ Workshop



The Digitising Board

As the photo shows, the digitising
board mimics the Compucutter in vertical
and horizontal motions at soma
convenient value of scale, effectively
logging its data with the same non-linear
characteristic as the machine which will
use the data, this being the auto-
compensation feature. The digitiser can be
lightweight, low powared and is
conveniently mounted on a wall, where it
will take little space. The stepper motors
can be size 23 which are small and cheap.
The table is carried on a linear slide using
two tracks. each track carrying bwo
recirculating ball camiages. These nicely
engineéered units are made lor supenor
filing cabinet drawers, and move smoothly
with no clearance and very little friction
when loaded, The radial bushing and
column an the prototype digitiser were
leftover from a cheap banch drill bought
for its motor head. With hindsight, |
consider this digitising board to be rather
‘over enginearad’ and have realised since
that a pair of bicycle front wheel hubs
would make an elegant and cheap linear
rolling carnage, with the part frame and
bottorn bracket bearings plus chain ring
giving a satisfactory radial motion,

in theory, (and the only theory is that of
similar triangles), the leadscrew pitches of
the digitising board should have been
super scaled up from the pitch used on the
machine, but in practice the program
prompts for your value of scale and makes
the necessary allowance. This way you
only need ome set of threading kit.

Proving the program

We now have the control data in units
of motor steps for the verticalhorizontal
profile. This can be imported to the text
editor for the number of passes around the
prafile and the cutter axial feed per pass to
be added. A screen prompt (SCR) tells the
operator 1o manually index 1o the next
blade space in order (o repeat the
roughing cut, a procedure which is
repeated for all blade spaces.

My preférred way to program a
finishing <ut is to program/digitise for
axample, with a 'sin. diameter cutter, to
rough out with a 3mm diametar endmill,
leaving 'nein. short on depth, withdraw,
then SCReen prompt for a change of cutter

'-ul
& ..

5. Test rotors showing a variety of biades
shapes machined in polyester resin (rear),
aluminivm alloy (centre] and stainless
stoel
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4. Related sets of data at various ‘angles of attack’ are lu'yw i-mnﬂn mm

to Ywin. ball nose before repeating to full
depth. This gives a finishing cut equal 1o
the difference in radii between roughing
and finishing cutters, using the same data

These blade spaces are all exactly
similar, so one can expect a blank of
homogenous material tumed concentnc
from its reamed bore to be very close to
balanced when the blades are machined
using the bore as a datum.

Rapid prototyping

Sets of related data can be digitised, for
axample with the template set at differing
angles of attack (see Photo. 4) or by
varying the number of blades on the hub.
Since it takes approximately ten minules
to change the set-up and re-digitise a
template, this method might be considered
a viable 'rapid prototyping” system, as the
socond and subsaquent turbines can ba
produced in one day. (| emphasize ‘second’
because the first run through a new
system will always take longer than this.}

It should ba noted that although the
turbsing blades produced above are three
dimensional objects, the process is not 3-D
milling. | think of it as 'multi-layered 2-D°
because we use two axis interpolation plus
an axial incremant on each pass. Real 3-D
will be considered later,

In the above example, the digitising

tlbh was mqulmd to mimic the ‘curvi-

finear’ characteristic of the Compucutter 1o

achigve the necessary compangation.

Stylus digitising can also be performed on
“the eutting machine which will be used 10

produce the component. This eliminates
the job of making a special digitiser and
also, if the template scale is 1:1, .
fundamental accuracy is achioved without
leadscraw calibration, due to the fact that
the sama section of screw will be used to

_bmh digitise and cut a feature.

Photo. 5 shows some experimental
blade shapes in different materials. The
two at the rear are polyestar tum. thn
middla row are aluminium alloy and
actual ‘running test’ material in the
fmeground 4 stainless 316_ It is worth
machining at least thrae adjacent blades to
check on the cutter clearance between the
previous blade, the currently cut blade and.
the pext to be cut. This is still famty

inexpensive davelapment as one un

ascommodate about five drﬁawut proﬂbs
nn srrv test. bhmk.

An alternative
technique
- The above technique is mi\v

implemented with a simple two axis CNC
router to produce aero wing ribs. The



6. A system based on the reconfigured
Wolferaft components cutting clock

.mmmcmmamwasiimpioé :

it can get- the template or 'broken
specimen’ s lightly clamped to the table. A
cutter-sized stylus, hald in the collat, is
connected 1o one probe of & low voltage,
low current ‘buzzer’ or continuity tester,
#nd the conducting template is taken to

- the other, The cutter is set to datum X0,Y0
and the manual digitising program is run,

- mumfpmnummmtomn-
the stylus to the points of interest along

“the profile. As the buzzer indicates contact

between stylus and template, the user
presses a key to log that pair of co-
ordinates in X and Y. At the end of the

_ profile, the resulting data is saved (o disk
file. This data is imported to the text aditor
] wbomhmninmnmntrolﬂlsnsinm
previous example.

“The template is then substituted for a
wnrlplmmdﬂmstvlusmpllmdwhha
cutter. The cutter is set to X0.Y0 and
Compucut and Dremel do the rest.

To summarise, dista acquisition using a

. mechanical digitising stylus offers
p ademn,wiﬂufawdlsad\mnmu,
follows:-

Pros:- It offers simplicity, accuracy and -.'

could well be the mathod of choice for
thase who are less than comfortable with
CAD. If a replacement for a broken
component was machined from data
! mﬁmdbvdlmm!vdiolﬁsinnﬂuhmhn
- specimen, as above, then this
mulhod,mmym is & more elegant
solution than drawing in CAD, By

- mimicking any machine configuration it

can frae the machine tool design from the
ubiquitous XYZ rectilinear arrangement, to

whatever best suits the cutting situation,

©or the mechanism you miglualmdvhm :

under the banch.
Cons:- These mm:mlwmllmanﬁ
- ﬁmromﬂrodtohuiidt!uligiﬂunn table,
plus the fact that the data is ‘soft”.
~ However, the usual connotations that

“accompany terms like hard and mm; :

be avoided in this case. Anylmpﬂmhon

that soft data is somehow inferior data and
that hard data is conseguently better is not
intended. The photos show fairly typical
applications of each type. The turbine
wheels are accurately produced in a
difficult material on a rigid machine buil
to do jus1 this sor of work, but the data is
soft - it is based on a subjective idea.

Thwe clock wheels shown being
machined in Photo. 6 are being made on
the two axis adapted table which can be
built in a few hours, and although the
phywood wheels are rated less accurate
than the turbinas, the parametric equation
of the cycloidal tooth based on the full
ogive is followed by the computer every
step of the way. This is as 'hard’ as daia
qgats.

The Digitising Tablet
and Electronic Stylus

These digital electronic / electro-
magnetic devices are typically 12 x 12in. or
12 x 1Bin. (sold as A4 & A3) by approx.
T1tin. thick, The tablet creates an sccurate
electro-magnetic field across its surface,
which is sensed by o puck or stylus
(Photo. 7). The sansed data is returned to
the PC where it is used to determine the
position of the puck or stylus on the
working surface of the tablet. The tablets
are driven from the saerial pornt of a PC, and
wers developed to replace the combined
mouse/keyboard as the pointing device for
CAD programs. In this example the stylus
(Photo. B), which is rather like a fibre tip
pen whosa tip is spring loaded away from
an electrical contact within the barrel, is
used as the sensing element. In addition to
the ‘nib’ there are two buttons on the
barrel which can be used in a similar
manner to the mouse buttons, The stylus
senses up 10 an inch above the tablet’s
surface and will sense through paper,
wood or plastics.

The tablet and stylus can be used to
produce an almost immediate control file
for Compucut to rout out a 2-D shape such
as an apro-wing rib, fuselage bulkhead,
helicopter chassis panel or whatever, The
control file data is generated by tracing
around the broken model or cardboard
cut-out of the desired shape whilst running
the Compuecut trace control program called
STYLUS.exe. The stylus can be fitted with
a small plastic sleave, the diamater of
which is equal to the diameter of the cutter
to be used at routing time multiplied by
whatever scale value you have chosen for
your template. This provides the required
cutter path compensation.

It is clear that the technlque s not very
different from the mechanical digitising
stylus described previously, but the 2.D
data received from the tablet is fixed in
rectilinear format.

Set-up

This brief explanation refers spocifically
to the Trust’ brand of digitising tablets and
the ‘Wintime®' (WT) software supplied with
tham, chosen as an example because they
are affordable at around £70, Other makes
of digitising tablets which follow the
‘Sumagraphics’ standard may be found 1o
wiork.

The procedure may be described, as
follows:

Make a directory called \TABLET and
copy the DOS drivers supplied with the
tablet into it. Alse capy in tha Compucut
programs STYLUS.exe and TABCAL.exe.

First. a hardware test. Connect the
digitiser 1o the PC using the stylus as the
input device, rather than the puck. Power
up the PC and at the DOS prompt, log in to
the \TABLETWITILITY directory and run the
WTSETUP program by typing WTSETUPR.
Al the screen, type 1 1o select COM1 then
ESC to exit.

Log in to the TABLETRUNNER directory
and type WTRUN. You should see the
program fatch the WTINIT file and stream
the default parametars down the screen,
finally stating "Driver installed
successfully”. The PC and TABLET are now
nitialised to 9,600 Baud in relative mode.

Now log in to the TABLET\DRAW
directory and then typa SKETCH. This will
test the tablet hardware and you can
follow the screen prompts to check the
stylus switches.

Assuming the tablevstylus is fully
funetional, log in to the \TABLET\UTILITY
directory.

The digitising tablet and stylus can ba
used to trace around a profile (Phote, 8).
The data is logged via a Compucut
programme called STYLUS. exe, which
uses the tablet in ‘'mouse systems’
amulation mode at 1200 Baud. To enable
this, at the DOS prompt type the DOS
command: MODE COM1:1200,N,8.1. Run
the STYLUS program by typing STYLUS
from the \TABLET directory than enter,

Follow the screen prompt for a data
filenname (JOB.DAT), and scale factor then
entar and you are on your way, Be
prepared to start logging data at this stage
or you will be ‘timed out’ by the DOS serial
controller. If this happens, just rerun the
STYLUS program and get going.

To set a convenient scale such as 1
thou. eéquals aneé motor step, run the
calibration program TABCAL.exe and trace
out the inside perimeter of a circular
template of diameter equal 1o 3 nominal
value plus the stylus tip width, say,
2'na inches. This will return a cutter centre
path of 2in. diameter.

Starting with a scale value of 1, keep
taking traces and observing the results by
listing the .DAT files until the required
steps are shown in the REM stataments in
the .DAT file. These "absolute” moves are
included for calibration purposes. Alter the
scale value until the digitising is suited to
your choice of scale.

Note that "as supplied’, the stylus
probing tip may be a ‘wobble’ fit in the

7. The ‘Trust” digitising tablet with puck
and stylus
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barrel; mine certainly was and this can
cause an Involuntary movement of the
barrel quite independent of the tip at lift off
time. Remember that it is barrel
movemants that are sensed, not tip
movements, the tip just does the switching
and provides a visual reference to the
probed point. The tip/barrel fit can be
bushed either intarnally or externally to
reduce the corruption of the last fow
samples of collected data due to relative
lateral movements of lip and barrel. The
bushing can algo carry a mounting for a
‘cutter compensation’ ring of plastic, turned
1o equal the proposed cutter diameter.

The digitising tablet can also be vsed
within the drawing environment af a CAD
package. This example assumaes the use of
DiraftChoice for DOS which supports a
Microsoft mouse. Connect the digitiser to
the PC and boot up. At the DOS prommt
type MODE COM1:1200,N,7,1

Log on to your TABLET directory and
run WTSETUP. At the opening screen type
1 to establish COM1 as the serial port for
the digitizer, then type capital N for
Microsoft mouse emulation mode, escape
1o guit the set-up program. (DrafiChoice
appears to work satisfactorily in either
Microsoft mouse mode or Mouse Systems
mode, but you must set the mode for one
or the other in both DOS and DraftChoice.}

Run DraftChoice and select CONFIGURE
from the FILE menu, select SERIAL and set
the serial port to 1200 baud, No parity, 1
stop bit and 7 data bits. Accept these
options and leave the configuration, Select
COMPLEX from the DRAW menu. Pull
down the SETUP menu and select LINE.
Accept these options. Choose to PLACE a
complex line and follow the screen
prompts, These tell you whether the pen is
UP or DOWN and this condition is toggled
by pressing the stylus down onto the
digitising tablet. With PEN DOWN and
stylus lifted trace around your shape and
terminate the line with a dip of the stylus,
Escape, escape 1o tarminate the complex
line snd choose PLOT from the FILE menu,
Change the device 1o the HP7475 plotter,
and send the output 10 a PLT file. Choose
to PLOT and the HPGL data will be written
to your PLT file using a scale factor set in
DraftChoice configuration file,

Again, you will need to practice your
stylus technique as it is very sasy o
terminate tha line by dipping the stylus as
you trace. Advantages are to be gained by
reworking the stylus tip to reduce the
lateral play and allow culter compensation
just as in the STYLUS program. Keep
producing your test tracing of a circle of
nominal diameter plus stylus tip diameter
until the scale is set to return the HPGL file
units equal to your drawing units. | prefar
one thou, of an inch equating to one motor
stop, as this suits my preference for
Imperial leadscrews of 50 thou. piteh.

The accuracy of tracing by stylus on a
digitiser will always be subject to your
kesping tha stylus vertical, My tendency to
laan the stylus whilst proceeding around
the profile is vary marked. ldeally, a twin
parallel link system such as those usod on
a draughting head or tapping guide would
carry the stylus to keep It square at all
timas. You will find the accuracy increases
greatly with a little practice.

When editing the .PLT files to construct
your control files, do look for the PU and
PD commands to show where ong
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complex line ended and the next begins,

Remember, Compucut does not respond to

these and you will need to put in CUnnn
and CDnnn mowves to control the
movemeant in the 2 axis.

A simple application which shows the
possibilities of the stylus method would be
to digitise the components of a new aero-
kit, and then rout them to a new scale.
Editing

A CAD program can be used to adit our
digitised scans, in the same way that the
test editor EDIT is used 10 edit our control
files. An example of this is where we wish
to make a mould for reproducing the
scannad model, rather than cutting around
the outside of the periphery. We cannot
use the easy fix of a cutter sized collar on
the stylus because the requirad cutter path
is within the area of the template,

An external scan using a nominal collar
on the stylus is taken as a polyline in CAD
and saved in DraftChoice drawing format
as 'YOURJOB'. The next drawing layer s
opanad and the snap disabled. Circles
equal to the cutter diameter are placed
around the inside of the profile, such that
they ghare tangents with the profile at the
points of interest. These would include
stan, finish and mid points of sach curve
atc, Save this and open the next layer
which we will call 'YOURJOB.3' indicating
layer 3. Select a Bezier line and draw
around the centres of the construction
circlas in the direction and sequenca
required for cutting. Save this out as a PLT
file for editing into your control file.
Complex moulds can be milled using
multi-layered 2-D profiles produced using
the "TWEENS® facility in CAD, which could
use YOURJOB.3 as a base profile and the
plot of YOURJOB.4 as the apex profile.

When the test routine SKETCH is
running the absolute values of X and Y are
displayed on the monitor. SKETCH is
intenclad as a hardwara tast facility, but it
can also could be used in ‘guick and easy”
applications such as 1o digitise the centres
of an odd hole pattern or any feature that
can be located by some form of tapered
dowel or stylus. There is no provision for
storing the data in this mode, so the user
would make a note of the XY co-ardinates
of each feature, use STYLUS if storing of
co-ordinates is required.

Also in the ‘quick and easy’ vein, the
tablet and the 'SKETCH' test routine can
make up a 2-axis digital readout lo be used
with, for example, 8 modellers A3 router,
With the routing machine mounted firmly

above, but well clear of the digitising tablet,

# deep "C’ bracket is fixed to the end of the
routar table so that it locates the stylus
undernaath the router, just clear of the
surface of the digitising tablet, and at an
XY lecation that s close to digitiser X0,Y0
whaen the router is at its XY datum. The
tablet is covered with a polythane sheet to
stop dust entering the cable sockets and
tha SKETCH routine is run, The table is
hamad and tha tablat moved in XY until
the readout is X0,Y0, the table is then
lightly clamped on its edges and you are
ready to reproduce the drlling co-ordinates
of the praviously digitised hole pattem,

It is worth noting that this could be
done manually, and whilst this is not
actually CNC, it is data acquisition, and is
in my view an interesting example of how

 tablet.
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AN ATTACHMENT
FOR A BOSCH
ROUTER

Norman Hurst tells how he
used his metalworking facilities
to extend the capabilities of a
friend’s woodworking

machine.

The requirement

My woodwarker friand, Ernest, wanted
10 cut an arc in a wooden plaque that he
was making. When he found that hus
Bosch POF 52 router could not be adjusted
down to the radius that he required, he
wondered il an altachment could be made
to enable the router to cut arcs of smaller
radii. The Bosch standard fitting gives a
minimum radius of 7Smm. This is shown
in Fig. 1 and is the distance between the
centring pin ‘C’ and the router cutter
centre line. There is no problemn with the
maximum available arc, as this can be
adjusted oul to 215mm by reversing the
parallel guide ifencel. The inner limit of
the pin “C' adjustment howaver, is when it
touches the edae of the base plate P’ (Fig.
1), If the pin could pass under the baso

1 I Bosch system set plate, the distance to the cutter centre line
shiding plate with its own centre pin could
ba fitted underneath the router and he

e P e )

End view in direction of arrow

Fig 2¢ {
|

Fig. 2 Atachment fitted and set |
at minimum (7mm)| radius I

View from undemeath
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Fig. 3 Attachment set at maximum (75mm) radius

asked me if | could produce such an
artachment for him.

This routar is a pontable hand machine
and would be used for straight cuts uging
the fence, as well as for args and circles;
therefore an arc cutting attachment would
need to be removable. In the illustrations, |
have only shown the lower, relevant, pan
of the machine which will have the
attachmant fitted to it. In Fig. 1, the fence
is in the upside-down position, which iz
the nacessary orientation for cutting arcs
and circles.

The router base plate ‘P’ is made in an
aluminium alloy cast matarial and is quite
thin {(2.4mm}. It is stiffened with a flanged
edge and bosses for screws - see the
detalled inset in Fig. 1. Because of its light
construction, Ernest was reluctamt to have
any more holes drifled through the bottom
and hoped that the existing four Mé
tapped holes would be sufficient. He also
mentionad that any plates or other fittings
positioned under the base plate would
reduce the effective depth of the curter,
and this plate thickness should be kept 1o

a minimum.

The solution

| decided that the attachmeant would
consist of three plates positioned
undarnaath, and that these would have at
least the same area as the existing base
plate. If possible, | would alse make it to
accommaodate fromv about 10mm radius
up to 75mm radius, thus giving a potential
range from about 10 up to 215mm! The
three plates would consist of a centre plate
with theé new pin attached and two side
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plates. These side plates would be placed
one on e@ach side of the centre plate 1o act
as guides. All thres plates would be in
contact with the work-piace, instead of the
base plate.

In order to keap the underside
completely flat, M8 countersunk screws
wiould be used in the existing tappad
holes. The depth of head of an Mé
countersunk screw is 3mm, so that would
be tha minimum thicknass of plate
required - see detail inset in Fig. 2a. The
existing centring point is 4mm diameter
and it was decided to retain this siza.
Because it usually fits into a small hola in
the surface of the wood, Ernest felt that it
need not be hardened, which would make
the job easier for me.

To keep the weight down - and bacause
| had some - | decided to use "sin.
{3.178mm) aluminium plate for the side
plates - see Figs. 2a, b and c. The cantring
pin would be fixed parmanently in its
position in the centre plate, and because |
fedt that it would be difficult to achieve this
in aluminium, | decidad that "sin. mild
steel would be the best material, and
again, | had some available.

Because of the dinmater of the existing
base plate &t 140mm {70mm radius),
obtaining both a small cutter radius, along
with the required 75mm radius was not
straightforward. | achieved this by having
a ‘long’ centre plate at its edges, with a
‘short’ plate - measured along its cantre
line - whare tha centra pin is located. This
permits the plate to still be in contsct with,
and supported by, the circular base plate,
whilst the centre pin has gone out to the
necessary 75mm radius, as shown in Fig.
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Fig. 4 Additional components

Wondcmmhulo.hutdon'tmrlpopl
_Clamp the plate In place on the base, as
shown in Fig. 2b, making sure that the
centre lines are in alignment. Bring the
meﬁmwihnmwmu

'ﬂnmnmmmmww

 parallel strips an your drilling machine
table and, using a 6mm drill, spot through
the. to the plate, If you are satisfied
that the 'spot’ Is on, or very close 1o, your
mark, drill right thraugh the plate. Then
drill through the second hole. Remove the

clamp and counterzink both holes. The
centres should be 38mm, but it is better to
spot and drill through in the manner
described. All holes in the plates and in
the distance pieces will be drilled Emm in
order to keep the clearance to an absolute
minimum; this is a precision job and any
sloppiness will be detrimental.

Make the centring pin fram dmm or
Srazin, mild steel rod. it will extend out
from the centre plate by 7mm, including
its point. | took the aasy way out and
waelded it in its position, but it could be

t. mmmmmmMMMg that the new pivat pin can be
mmmwwmm

screwed, rivated or brazed in; they all have
their advantages and dissdvantages. The
mathod | used, is as follows:- After
making sure that the pin weuld be on the
router cantre line, | drilled a Sazin, hole in
the centre plate to ensure a tight fit and
countersunk it on the upper (flush) side of
the plate. | shortened up the pin to about
8 or 9mm long, and tapped it through tha
hole from the upper side till the point was
in its correct position; the top of the pin
then being approximately in line with the
bottom of the countarsink. This left an
indent which would be filled with weld
matal (Fig. 4d). | did this using a small
electrode with an arc welder, but it would
have been just as satisfactory with a MIG
welder and also - probably - by brazing or
silver soldering. Because of the heat
produced by the walding, the pin itself and
its surrounding area had a blue finish
which was removed with emery cloth, and
no sign of having been heated remained. |
then filed off the surplus weld metal on
the upper surface to give a flush finish.

If you haven't got walding or brazing
facilities, the pin could be screwed in as
shown in Fig. 4e. Drill and tap the centre
plate 4BA and very lightly countersink it
on the upper side. Screw a prece of 4mm
diameter steel rod with a 4BA (3.6mm
diameter) thread for about 15mm - this
will be long enough to grip the end
without damaging oo much of tha thraad,
Cut off the unthreaded part to the required
length (7mm) and form the point by filing
or grinding. If necessary, saw off the
aextrame screwed end whare you gripped
it and may hava damaged the thread.
Screw In the pin from the undarside as far
as you can, and tighten, using pliers or a
maole grip etc.; then saw off the protruding
thread, just proud of the surface by a
millimetre or so. Using a small ball-pein
hammer, lightly peen over the end of the
pin until the small countersink is filled. The
top surface will then be filed flush, in the
same manner as the above welded pin,

After making the welded pin as
daseribed praviously, | made a (test)
scrawed onae in a piece of scrap 'ain, plate,
using the above method. Not only was it
successful, it was also quite
straightforward and didn't leave the blue
finish,

The next job is to turn up two
aluminium distance pleces (‘D' in Fig. 2a),
aach 12mm outside diameter by a little
over 3bmm long, say 36mm, The 35 mm
langth is about the same as the plain
section of tha Bosch centring pin and the
extra length allows for some material to
be machined off to bring the distance
pieces to their exact length. Again clamp
the centre plate in its innermaost position,
as shown in Fig. 2b, making sure that the
holes are approximately in line with thair
respective holes in the paraliel guide.
Tighten the guide wing nuts and then,
using inside callipors, carefully measure
tha distance between the plate and the
quide, adjacent to the and hole. Also
measure adjacent to the inner hole. These
dimensions should both be 35mm, and
tha guide surface should be parallel, but
remember that this guide is mades of
sheet metal and may not be completely
‘trug’. Machine one distance piece to the
firat langth and position it as shown in tha
left hand ‘D’ position in Fig, 2a. Place a
B6mm countersunk screw through the
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plate/distance placa/guide assambly and
tighten up, Now remove the clamp. The
centre plate should be lying Mat, touching
tha basa plata. If it is hanging down
slightly, don’t worry; ramamber that thera
is probably some "spring’ in the guide,
Clamp the centre plate again, and again
measure the second distance, You will
probably find that this is diffarent from
your previous dimension, Turn the second
distance plece to this length, Assemble
with anothar 6mm screw, remove the
clamp and test the system, When the
plate/guide assembly is slid in and out, it
should stay fat against the base plate and
kaap on its ¢centre line, If it does not lay
flat, the distance pleces should be
adjusted by lengthening or shortening.
The lengthening can be achieved by
placing a gshim under one end. If this
cures the problem, make up another
distance piace 10 tha correct langth, and
assemble.

Making and fitting the aluminium side
plates is straightforward. Dimensions are
shown in Figs. 4a and ¢, but the screw
cantre dimensions ara for guidance only,

It is especially important that the inner
adges be made straight and true, as these
act as the guide to the centre plate.

With the centre plate secured and
located at its innermaost position, one of
tha aluminium platas should be clamped
to the base plate with its inner edge
resting against the centre plate, as the
position shown in Fig. 2b, and with the
cutter cantre linge aligned 10 a point 77 mm
from one end (see Fig. 4). Spot through
the centra M€ tappead hole in the base with
8 Inein, or No 13 drill. Remember that the
base plate is made of a cast aluminium
material, 50 be especially careful, Unclamp
the side plate and drill right through it with
the samea drill. Offer the side plate up to
the base to make certain that the drill
hasn't wandered and that the holes are in
lina with each other. This can be
ascartained by pushing the drill through or
by sighting through the holes. If the holes
are not in line, draw over the hole in the
aluminium plate with a small round file
When you are satisfied with this operation,
drill through with a 6mm drill and secure
the side plate with a screw. It should lay
with its edge touching the centre plate, the
aim baing to have 3 fairly tight sliding fit
A gimilar procedure would be carried out
with the other 8mm holes, keaping in
mind that the side plates will be secured
to the base sccurately and with the
minimum of slop. The holes in tha
aluminium plates should now be
countersunk and the M6 screws fitted
15mm long screws will just stay clear of
the guide rods, whilst still going all the
way through the threaded holes.

Bafore fitting the M3 screws, test the
systam by sliding the assembly in and out
If it is tight in some places and slack in
others, check with a feeler gauga or
engineers blue, and ease the tight spots
on the side plates with a file, Alternatively,
it may ba nacassary to move the plate
with the single screw, around slightly.
When this latter plate is correctly and
securaly positionad, drill two holes right
through the side plate and the base plate
with a tapping drill (?22in.), Remove the
plate, open up thase holes to 3mm and
countarsink. Tap tha two small M3 holes in
tha bage plate, As was previously

June/July 2000

2. The components dissassembled, showing that minimal modification to the machine is

required

3. The router in use

mantionad, this is a cast aluminium alloy
and It is a bit "sticky” 1o tap. Replace and
tighten up the plates and the job is almost
completa,

Round off the edges and comers of the
three plates to cut down the possibility of
scratehing the surface of the wood. Lightly
file the plate surfaces to ramove any burrs
and w0 ensure that the screw heads are not
protruding,

Phulu. 2 SI:HWH the routar attac ment
dismantled, and Photo. 3 shows a test cut
being made, The spiral in Photo. 3 is
formed by using two centre holes; these
can be seen in the middle of the figure.

Materials list

2 off, 142 x 48 x "ain. aluminium

1 off, 131 x 42 % Yzin, mild steel

2 off, 12 dia. x 36 aluminium

1off, 4 dia. x 30 mild steel

20off, M6 x 50 steel c/sk screws and
nuts

4 off, MBx 15 stoel o/sk screws

2off, M3 x 10 steel c/sk scraws

Dimansions in millimetres axcept where
indicated.
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this topic in the August '99 issue of
EW. (No. 80) by Tony Jaffres, |
decided to look into the electronic
momnmulmmmun is o rev
countar having two ranges, 0 - 1000 and
0 - 10,000 rpm (Photo. 1), which is battery

powered. It is designed to view a single Ly e
-mark on the rotating shaft. ‘5;

The device consists of thras parts:- st L
1. ATransducer

2 WN&IHMMW Convarter
~ (DAC) Circuit

3. Anindicator

Transducer

This is 8 JA26D as suggested by Tony. |
tried twa other types but, ta inla
‘agcount performance, price
avuihhlilw. the choice of mmW

confirmed.
! © BATTERY Converter
Once again, the suggestion by Tony of
the LMZ2917 was ideal, It was designed for
this purpose, is inexpensive, available and
| SENSOR _— works very well,
‘ ' s e -
[ Teansoucen —o o ,T\ Indicatox
i Er——— = Various indicators can be used « Moving
NDICATOR Coil Voltmeters of 50, 100 micro-amps or
—e Ty 1mA; Digital Voltmeters or additional
alactronies driving a series of LED lamps.
| My final choice was @ TmA full scale
f deflection (fsdl meter having 10 major
™o divisions. These are generally less
{ POSITION axpensive than more sensitive types and
] GE are morg robust,
| WIT | PO il .
, S Circuit description
- _ ————— ——— e —— Fig 1 is a block diagram of the system,
Fig. 1 System Layout The following points should ba noted:-
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Transducer

The circuit produced by Tany worked
well, s0 | would suggest that it is used. For
those who may not have access to his
original article, Tory has produced an
abridged version which s included here as
Appendix A,

Converter

The LM2817 consists of an 8 or 14 pin
integrated circuit, able 1o carry out all the
electromc functions necessary to receive
an input frequency from a few Herz
(eyeles per second) to several thousand
Hz. This signal is converted into a
praportional DC voltage, able to drive a
meter, solenoid, relay etc. at a currant of
up to 0.05 amps. Fig. 2 shows the internal
layout of the LM2917,

The first stage is an amplifier/
comparator which conditions the signal,
resulting in a pulse of almost constant
shapé and srea. It is then fed to a charge
pump where the number of identical
pulses charge a capacitor. The charge is
then a measure of the number of pulses in
@ given time. A constant resistive blesd
ensures thai the capacitor does not
become fully charged.

This is then fad to an oparationsl
amplifier/emitter follower combination,
able to provide output drive, An intermnal
voltage stabiliser of 7.56Y is incorporated
to reduce the effact of voltage changes.

Indicators

The design produces an maximum DC
oulput voltage of 5.5 volts which is
sufficient to drive any envisaged meter or
indicator and permits adjustment.

Construction

Transducer

Please refer to Appendix A or MEW.
Issue 60, August ‘88, page 47.

Photo. 2 shows the JAZ6D sensor
mounted on a piece of Veroboard. | intend
to mount this in a redundant pen body so
that the cap can be used for protection.

Referring to Tony's circuit, | omitted the
warning indicator, LED 1, and incorporated
A2 and A3 in the leads connecting the
transducer to the convener peb, but these
would fit on the Veroboard if desired.

Converter

Table lis a parts list of required ems. |
have included a ready-made pcb (Photo.
3) which has component positions clearly
marked. The items in the list marked * are
polarity sansitive and must be orientated
correctly. Do not insert the IC until
soldering is complete.

Table Il is the resistor colour code, 10
assist component identification.

Assembly

Insert the IC socket. The identification at
one and should line up with tha white
mark on the pcb. The diodes (three types)
are marked with their type number, and
the black band should line up with the
white mark on the pcb. The remaining
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Fig. 2 Internal layout of LM2917N

2. The JAZ6D sensor mounted on a small piece of Veroboard. This needs to be housed in
such a way as to be able to be directed at the rotating component. This one is to be
fitted into a redundant pen body.

B AN NS S oo

3. An example of the specified printed circuit board, shown with one which has been
firted with the components to form the printed circult assembly (pca)
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Fig. 3 Digital to analogue converter circuit



* itemn, C3, has a band with a -ve sign, the
othar wire baing +va, which must go into
the hole marked + on the pcb. The
remaining items can then be inserted. The
companant leads can ba bant with a small
pair of pliers to line up with the holes,
taking caré not to crack the component
body. Té retain the components, their
leads can be gently bent back.

At this stage it is prudent to double check
prioe to soldering. If OK, solder the peb,

Fig 3 depicts the theoretical circuit,
while the pcb layout can be seen in
Photo. 3. The rangs components are not
fitted to the pcb, being mounted on the
Varoboard at the rear of the meter
(Photos. 4 & 5),

The range switch, battery leads,
transducer wires and indicator leads can
now be connected, Fig. 4 being the overall
wiring diagram,

As previously stated, the maximum DC
output voltage is a nominal 5.5 volts, so
moving coll maars will have to be ranged.
We therefore need to calculate the
resistance required to produce a full scale
indication with an input voltage of 5.5 volis.

Using Ohms law
Resistance (R} = Voltage (V)/Current
(Amps).

In the case of a 1 MA fed meter, we have

5.5
R= 0001 = %500 Ohms

This is the total circuit resistance and
includes the resistance of the mater. This
is a small proportion of tha total circuit
resistance and is catered for in the
adjustment,

Anather way of expressing meter
sensitivity is in Ohms par volt i.e. the
value of resistance required to produce fsd
with an input of 1 volt. In the case of our
meter ;

R= D007

Therefora, 8 1mA meter is 1000 ohms
per volt.

If a Digital Vol Meter is used, VR1
should be fitted to the pch, no further
range resistors being required. Fig. § gives
circults for various indicators and
suggested resistance values.

One last point - it would be preferable if
the unit could ba oparatad uging only ona
9V battery, but the internal reference of the
IC is 7.88V which, allowing for battery
deterioration, is marginal. The solution s
gither two 9V batteries in sarise or the
unconventional (but cheaper) method of
another coupla of cells in series. The unit
will, however, function corractly on a frash
9V battery.

Calibration
Indicator

Having decided on the indicator to be
usad, it neads to be set to 5V fsd. If you
possess a reasonable meter - good, no
prablam. Il not, a suggested circuit is
given in Figure B. If you intend (o use a
ferrous panal for the mater, fit the meter
bafore calibration as they can be affected
by ferrous objects.

= 1000 Ohme

4. A rear view of the meter, showing the range circuit components. To the right is the

small motor which features an integral speed sensing device

e

Converter

The indicator, transducer and battery
ean now be connected. Fit the LM2917,
ensuring that the cut-away on the IC and
the IC socket line up with the appropriate
white mark on the pcb.

Calibrating the 0-1000 rpm range
The circuit measures frequency in Hz
(eycles por second), whilst the indicator is

to be calibrated in rpm, so for an
indication of 1000 rpm, the required input
frequency to the transducer is

?-é? Hz = 16.66 Hz.

Il we use a composite strobe disc as
Fig. 7, the pattern will be stationary in 50
Hz fluorescent light at 1000 rpm and, if the

5. This view shows that the pca fits snugly below the range circuils

transducer is looking in the area of the
single mark, the transducer will be sensing
168.66 Hr. VR2 should therefore be adjusted
to give full scale deflection.

Calibrating the 0-10,000 rpm range
This calibration uses a standard 3,000
rpm disc (Fig. 8) st 3000 rpm. In 50 Hz
light, place the sensor aver the disc when
it will recaive two pulses per rav, so the
input frequency to the LM2917 will be

%ﬁ‘“_"xzrlmm

which equates to the 6,000 point an the
scale. Adjust RV to give this indication
which, in the range under cansideration is
quite a good calibralion point.

| chose this method because none of
my devices could achieve 6,000 rpm. You
could of course use another combination

Model Engineers’ Workshop



CIRCUIT

Fig. 4 Overall wiring diagram

©
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%

C. 100 MICROAMP (uA)
10,000¢2 / VOLT

F;g 5 Indicator circuits
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C. DIGITAL VOLTMETER
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IMPEDENCE

of discs and marks to achieve the same
result, and may wish to do so in order 1o

check the linearity. | have used a signal
genaerator for !hnumm
Operation

I have used my unit over & of

wuhmfmmd itto ba h.:;mulgn
agree Tony's comments
siting of the sansar. -

General comments
The equation for the system is

Vioutl = flin) x 7.56 x C1 x R1

where
Viout) = DC voltage into the indicator
(cakculated to be 5.5V, this
a little mare than
8l for devices such as
LED line of light indicators,
allowing adhmmhnu
flint =«  Frequency input in Hzlcycles
per second)
788=  Tha value of the IC intarnal
reference voltage.
C1= : Value of the range capacitor in
i Farads _
{1 microfarad = 10-9F)
. {1 nancfarad = 10%F)
R1= Value of the range resistor in

ohms

The two values of capacitance weare
chosen to be available 1o the best

‘tolerance and to ensure that R was in the

ragion of 500,000 ohms to ensure the best
output linearity. The quite large
adjustment of R1 caters for componant
variation.

Sample Calculation

For 5.5V out, 1wm11um|-pmnnml-
Capacitance chosen - 7.8 x 109F

55-  1686x758x78x10%
Rl  55(16.66x7.56x7.8x 109)
= 5.5/0.982 x 108
- 5.6 x 105 = 560,000 ohms or
560 Kohms.
Safety
Apart from the very obvious dangers

of rotating machinery, if you intend to
operate this device from the mains, the
mains layout and wiring should be

carried out by a compatent parson, and
any metal enclosure MUST be correctly
earthed.

Postscript

| recently purchased a small dc motor
lmmarudiunlly Thesa rallias ars hald st
various locations mmnmamram :
are a wonderful source of i
electronic and electro-mechanical items.,
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6. The meter assembly, now in its protective box. connected to the sensor.

" This motor had an in-built tacho-sensor at sine wave of adequate amplitude. The

ona end, consisting of a circular magnet graph output frequency versus shaft CDIICIU.QEOII

rotating Inside n multi-pale stator. This speed is depicted in Figure 9. | have used o

motor may be seen in Photos. 4 and 6. this as a sensor into the LM2917, using The total cost of this project, less

There are no brushes or moving the equation to recalculate the range indicator, batteries, meter range resistors
~contacts, the only wear being in the resistance and capacitance. It worked and enclosure, but including the items called

bearings. The frequency output is a good  very well Ui By Tony i R asescar designe £14.50.

8 Model Engineers” Waorkshop



Fig. 7 Composite disc for 1000 r.p.m calibration

Details of Tony Jeffree’s
simple Digital RPM
Sensor

Figure 5 of the original article
(reproduced here) shows a simple circuit
that will allaw an infra.red sensor device 1o
generatle a [m|5t,~ train suitable for feeding
into a multi-meter with frequency
maasuring capability. Components and
part numbers are shown in the table

The mimature DIN socket serves two
purposes; firstly, to connect the external
mater, and sacondly, to switch on the
powar supply 10 the circuil. The red LED
simply reminds you to unplug the meter
(thus switching off the power) when you're
dane. The sansor device used was
Maplins Photo Reflector SY-CR102 (Part
numbar JA28D), which 1s physically
smaller than tha one mentioned above -
its package is about 2mm square,

Component Values for the
Infra-Red Sensor
COMPONENT VALUE MAPLIN

PART No.

PR1 (Photo
Roflector
SY-CR102) JAZGD
LED1 (Red LED) PDO2C
R1, R2 470 Ohms G470
R3 10K Ohms GI10K
SK1
{Mini: DIN socket) 3 pin JX13P
PL
{Mini DIN plug) 3 pin JX01B
Strip Board 100mm x

26mm JP46A
Battery connector  PP3-type  NE19V

June/July 2000

Although the circuit diagram shows a
supply voltage of 9 volts, this is not critical
and can ba varied for other supply
wjltgu]e-g I)trr choice of different resistor
values. The sensor is quoted as having a
rise and fall ime of 1 millisecond, so this
would seam to place an upper limit of 500
Hertz on the pulse train that it can
generate. With six marks on the rotating
shaft, this reprasants a maasuring range of
up to 5,000 RPM; with a single mark, it
should be possible to use this device to
measure spindle speeds up to 30,000 RPM

The photo reflector comes in a square
black plastic package that has two
rectangular indentations on the active side
(the side you point at tha rotating surface)
and wo pairs of wire leads, One corner of
the package s chopped off to mark the
ANODE lead. The lead directly in line with
it, amerging from the opposite side, Is the
CATHODE. These two are the leads for the
IR emittar choda, The other lead that
amerges from the same side as the anode
is the EMITTER of the IR detector
transister. The fourth lead (in line with the
amitter) is the COLLECTOR of the detector.

The main componants can conveniantly
be mounted on a small rectangle of strip
board. Tha following assembly
instructions usa letter and number co
ordinates (o indicate the holas in the strip
board where the various connections are
made, Looking from the component side
of the board, with the copper tracks
running from top to bottom, the tracks are
labelled A through E with A being the left-
most track. Holas in each track are
numbered 1 through 12, with 1 being the
top-most hole. With the exception of the
photo reflector (see instructions below), all
of the components are mountad on this
side of the board; the leads are passed
through the holes and soldered to the
copper strip underneath. The construction
proceads as follows

Fig. 8 3000 rpm disc for 6000 point calibration

Cut a rectangle of stnip board to give 5
usable copper tracks with 12 holes in sach
track. This can easily be done using a
lunilll' hacksaw,

Caraefully bend back the four leads of the
photo reflector (PR1), and note which lead
is which by reference to the diagram In
Figure 5 and the description above. The
Anode lead is soldered to A1, the Emitter
and Cathoda to B1 and B2, and the
Collector to C1. The choice of orientation
of this compoanant, and whether you
choose to mount it on the companeni side
or the copper side of the board, will
depend greatly on your chosen mounting
arrangements. It may gven prove
appropriate to mount this companant on a
flying lead so that it can be located
remotely from the rest of the circuitry. if
tha companant is mounted on the board, 1t
shauld be mounted so that its active face
will be close to the rotating shaft (i.e.,
apgprox. Tmim from the surface) when the
baard/mounting brackat is in its final
position on the maching.

Fit the red LED (LEDT} with the Cathode
in B4 and the Anode in D4. The Anode is
tha shortar of the two leads, (If you are
unsure of the oriontation, it can be tested
by temporarily connecting R1 to one of the
leads and connecling the assembly across
a PP3 battery, Reverse the battery if the
LED does not light. The LED lead nearest
the -ve terminal is the cathode.)

Solder R1 between A6 and EB,
Solder RZ between D8 and E8.
Solder R3 betweaen C10 and E10.

Soldar a length of connecting wire from
812 to Pin 3 of the DIN socket (SK1).

Solder a length of connecting wire from
C12 10 Pin 261 SK1.

13



Tnblel Commmnt list | | Table2 Componenl identification
il No. Supplier :
e m R? 47K M i
; |R3 22K M
- |ra oK ik M | o i
|rs 0  METOR M ; e D
i - |Ré K MIK M ' 0000
(i rths (o) With range switch i Z \ ™ @ G 41 “(47’!(1}]
s | e 001F WW28G M | [
ity [cae 2.2F FFO2C M | r= T =a]
- |uHosc M i
' [see Nate 1) ' .
D1* INOOT QL0 M | A R
D2* 1N4148 QLBOB -
ZD1 BZY88C12 J - R T j_
oHes, M | 0 WA 0 1 BLACK
PCE YOEIX M : 1 1 1 10 1% BROWN
|Pins PL24B M '
IC Socket BLIBU M = : S e N e
Switch (SPST) FHI7TF M | 3 3 3 1000 : 34 ORANGE
Note 1:- Fit this item if you intend to use & : 4 4 4 10,000 YELLOW
Digital Voit Meter. If not, an equivalent is i 5 5 5 100,000 GREEN
ountod on the range switch
i i 8 6 6 100,000 BLUE
- |Range resistors ; 7 7 7 PURPLE
i u-1,m0rpmmnxgn .15 i 8 8 8 0.1 GOLD 5% GOLD GREY
I_ g; ﬁ TT§4:U M i 9. 9 9 001 SWVER|  |10%SIWVER] WHITE
- |VR2 200K 348326 Fameil | 15t 2nd 3rd MULTIPLYER  TOLERANGE
~ |0-10.000 pm range . DIGIT DIGIT DIGIT
 Ins 390K TXSIF M K -
- |vrs 200K  348-326 Famell S Peee o8
) 5 BAND CODE
Range capacitors
= 1000 rpm range — o e s =T
| 0.068F WW3SN M '
, 0.01F  JAS2A M | N
: GREEN \ BROWN
{0 -10,000 rom range ' (5) BROWN
l 0.0088F JASTY M BLUE ©) pep VN
At IO 0.0016F JASTU M ® ©0)
i EXAMPLE - THE ABOVE RESISTOR IS:
R e . s Vg GREEN BLUE BLACK RED
v HF28F M 8 A 9 R 1
56,00062 (56KLH £ 1%
M =« Maplin Electronics 2 I i = a
" A:mtfrom obtaining 5% capacitors
. ~ |and 1% resistors, none of the components
o - |is critical —
fiexible. i 72?&%
Maplin type Maplin # LED1
PDO2C
Snﬂwmmhldofhblﬁﬂw ! Anode athode
.mwsim . e
Som&m*hadof&nbum
Wr 1o Pin 1 of SK1. Battery -ve
L Finally, make up a cable to connect the Collector | | Cathode
L mblytomeﬁwummmm Maplin #
 meter. Connect pins 1and 3of a . ol PR1 |
: m‘:n’iID:«I :iug mmhubyaddm . JAZED
~awire lin mmm_ | Emitter | | Anode
~of the meter leads to the wire link. Solde : '
 the other meter lead to pin 2. F 'm | "
_ the other ends of the lead to ault the |
- meter, (Note that the polarity of the meter ‘ ?

nonnaukms is not important.} . = = =
; m Appendix -Digital RPM Sensor Circuit
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A WIRE BRUSH
SUBSTITUTE

An ingenious adaptation of a
domestic cleaning product has
given a new lease of life to the
Minidrill owned by

Nevil Frewin of Fontainebleau,
South Africa

leaning small tems, whathar thay are

for a modsl or parhaps some

domestic chore can be a drudge.
Often, | reach for my Minidrill and stop
when | see the sad and motley looking ik ¥ F e

collection of wire brushes in the bottom — i 0
drawer. Wire brushes are not cheap and
soon lose their effectiveness, the small ; i
ones intendad for Minidrilis being 1. One of the abrasive discs mounted in a flexible drive
particularly ineffective and quite

axpensive. There has to be a better, more = —
cot-effective solution somewhere -

The answer lay in the kitchen, A plastic
scrubbing pad cut to make small discs and
mounted on a small mandrel proved to be
tha answer (Photos 1 & 2). This led to
other ‘designs’ as can be seen in Photo. 3

The plastic pads are made of a very
tough material. When used as a ‘wire
brush’ it wears away gradually, the
advantage baing thal, ss it does g0, it
axpases fresh hard plastic. The cleaning
effectivensss does not deteriorate as it
wears down. A further advantage s that
this “ablation’ or wearing away means that
the plastic does not clog easily and can be
used on some jobs where other cleaning
mathads waould be susceptible to clogging

The fine particles which are constantly
flying off are a very real danger and it is
absolutely essential to wear eye
protection.

With the pad mounted on a small
mandrel, aven with anly a small washer,
sufficlent torque can be transmitted
withowut slipping for most small
applications. For harder jobs, the top of a
pill box with the rim cut off makes an
excellent backing. Much more pressure
can now be applied and corrosion can be
ramovad from small articles, as shawn in
Photo. 4. For vary dalicate claaning, a
smail wad Supergiued to a small nail
works well. | cut these wads using a piece
of brass tubing mounted in a drill or drill
press. A piece of broken portable radio
aarial does the job perfectly. Photo. 5
shows the battery contacts on an old video
remote control being cleansad. Please don'
|JL.=g'r1 thiat is a wooden tooth p|{|-;‘_ not a
nail, For very delicate work they are better
than a metal mandrel which might causa
scratches if it pokes through the pad.,
Besides, the tooth pick makes a good b2 d 3 £ 3 £ Lt A T
‘shear pin’ in the event that you get 100 3 N NS i s My i 5 .
enthusiastic. Many a kiddies’ toy, remota 3.. The form of the pad can varied to suit the job in hand
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4. A plastic backing disc allows heavier
jobs to be tackled

control and évan an expensive camera
have been resurrecting using a wad of
plastic on the end of a tooth pick.

The plastic discs are very light. | have
used a 40mm diameter one on an old
Dramel which runs at about 25000 rpm
without undue vibration. | do prefer 1o
keep the speed down to 16000 or less - as
with any tool, common sense and caution
must prevail.

On the right-hand side of Photo. 1 is a
stack of five discs mounted on a Yain.
mandrel. This, used in an electric drill, is
suitable for quite heavy work. | use
washers about half the outside
diameter.

Having tried saveral different brands of
plastic scrubbing pads, | have not found
any one significantly berter than the
others. The utilisation of my old Minidrill
has increased considerably since | starting
using these discs and now some of those
tedious cleaning jobs have becoma quick
and easy.

| hopse that this technigue adds to
enjoyment of your hobby as much as it
has for me.

Supplier.- One example of a suitable
muaterial is ‘Mirfon® by Mirka Abrasives,
stocked by Tilgear (see Trade Counter,

page 41) 10

8. The ‘footh pick mandrel’ is more suited
to fimer work

TRADE COUNTER

Please note that, unless otherwise stoled, Trode
Counter items have not necessorily been tested.
We give news of products and services which
have been brought to our attention and which
we consider may be of inferest fo our readens

S.J.E. Engineering can

supply small fasteners

We have recently received a fist of amall
fasteners avallable from S$..E. Engineering
of Normanton, West Yorkshire. The range
available includes screws in most BA sizes
in both brass and steel, with a selection of
sizes also In stainless steel. Head types
listed include hexagon, countersunk,
round and chease head, with some raised
countarsunk and dome head. Brass, stael
and Nylock nuts can also be supplied,
together with 2BA and 5BA grub screws
and a small range of tapar pins.

Miss S. J. English, 17 Altofts Lodge
Drive, Altofts, Normanton, West Yorkshire
WFB 2LB Tel, 01924 890596

Workholding with Climpex
clamgs
The Climpex Division of S. Murray & Co. of
Old Woking, Surray has released details of
thair latest mini clamping system which is

dasigned to provide a means of precisely and
sacurely positioning companants during such

52

activities as painting and sssambly,

The system includes a selection of stands,
scaffold damps, flexible arms, bulidog clamps
and crocodile clips which can be used in
combination to sust the required applcation,
Each clamp is sacured using a simple
thumbscrew, so a variety of configurations can
be buyilt, dismantied and reazsembled rapidiy
from the same components. The main
components are constructed of steel with a
protective coating for long life.

Climpaex, Holborn House, Ofd Woking,
Surrey GU22 3LB Tel 01483 740089 Fax
01483 755111

Compression springs and

‘O'-rings

S & R Model Components of
Beckenham, Kent are a small company
specialising in the supply of springs and
‘o’-rings, and are prepared to make these
available in guantities as small as one,
with no minimum ordar chargea, subject to
o minimum delivery charge of 70p on the
UK mainland. Trading by mall order only,
mainly via the Interneét through their
wahbagite, they are also happy (o send lisis
of products via stangard mail, in exchange
for a First Class stamp or s.a.8,

Their product range containg both
nitrile and silicone rubber “o-rings in
virtually any standard size, plus springs in

both stminless steel and music wira,
Although only compression springs are
listed at present, extension springs should
ba available soon, and they suggest that
potential customers should watch their
web site for new developments.

S & R Model Compoenents, PO Box 168,
Beckenham BR3 3WY. E-mail:
sr.model components@srmodcom. fsnet.co
uk Web site www.srmodcom.fsnet.co.uk

News from A& D

Barrowclough Ltd.

A B D Barrowclough of Burnley,
Lancashire have asked us 10 reming
raadars that thay are still able to supply
the "Sharp’ 4in, rotary table, either in kit
form at £67.00 including VAT and postage
or finished at £137.00.

Casting sets for two lathe attachmeants
dasigned by Gordon Cornell and described
in earlier issues of MEW., are also still
available. Thesa arae tha toolpost grindar
(lssus 18) and the universal
milling/dividing attachmant (Issue 26). The
castings ¢an be supplied at 4 weeks
dalivery from receipt of order at £92.00 for
the grinder and £110.00 for the milling
attachmant.

A & D Barrowclough Lid., Elm Street Mill,
Elm Streat, Burnley, Lancs. BB10 1NY Tal.
01282 427048

Model Engineers’ Workshop



Multi-purpose propeliant
for SuperSpray re-fillable
aerosol paint spray can

Some while ago we reparted that
Phoanix Precision Paints of Cheltenham
had introduced a re-fillable aerosol paint
spray can. One limitation of this unit was
that the standard gas used as a
propaliant (butane lightar gas) was not
suitable for use with cellulose or acrylic
enamels or with etch primers or watar
based liquids. Thay are now able to
supply & multi-purpose propellant which
is listed as being compatible with white
spirit based enamels, cellulose enamels
and Phoenix Precigsion Paints Single Pack
Sell Eich Primer,

Phoenix Precision Paints Company,
PO Box 359, Chaltenham, Glos. GL562
3YN Tel & Fax. 01242 576326, E-mail;
sales@phoenix-paints.demon.co.uk,
Website:

Spring offers from Tilgear

Wa have recently had the opportunity
to examine a number of items on offer
from Tilgear of Cuffley, Herts.

Mirlon abrasive pads

These pads are of an abrasive
impregnated web material which provide
an affective means of cleaning and
surface preparation with minimal stock
removal, gouging or damage. They are
ideal for creating a ‘key’ prior to the
application of finishas, the flaxible nature
allowing complex contours to be worked
with uniform contact.

Other uses include light daburring and
denibbing, rust and 1armish removal,
They would be ideal material from which
to make the ‘wire brush substitute’
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described by
Neville Frewin
on page 50 or
as an
alternative to
steel wool,
They may be
used wet or

x 150mm
and can be
obtained in three
grades, General
purpose (green), Fine
{red) and Ultra Fine (grey).

A trial pack of three assorted
grades is available at £1.75, while
quantities of 10 cost £4.95 and 20 cost
£8.95, all plus VAT and carriage.

‘Cushioned’ abrasives for
plastics

Micro-mesh cushioned abrasive is
intended for use on the harder plastics
such as acrylics, particularly for the
removal of damage such as scratching
or crazing from transparent structures.
It consisls of a cloth backed material
with a resilient layer of latex upon
which a layer of abrasive crystals are
bonded. When contact pressure is
appliad, the crystals receds and rotate
slightly to present their sharp cutting
adges evenly across the surface. They
then all cut together with a fing planing
action, resulting in a fine uniform
scratch pattern, Successive application
of finer grades of abrasive, each
employed at 90 deg. to the preceding
ona, is used firstly to uniformly remove
tha damage, then to rastore the
transparency. Final finish is achieved
using a liquid abrasive.

Although the materials can be used on
the softer plastics such as polycarbonates,
the makers warn that a slight haze may
remain.

Tilgear supply the materials as a kit
which includes six grades of abrasive, a
foam block, liquid abrasive and soft
flannel polishing cloth. Designated KR-70,
this kit is available a1 14.95 plus VAT and
carriage.

Screw ic for
recalcitrant fasteners

Although not guaranteed
to deal with avery seized
sgrew or damaged nut,
Screw Magic fluid
provides another
waapon in the
armoury of those
who have to grapple
with such things.
Consisting of fine
particles of real
diamond in
suspension, this
material is applied to
the tip of the
screwdriver or
spanner jaws and
enhances the grip
between the tool and
component. Whan
just about to give up,
try Scraw Magic, It may
just make the difference.

The fluid comes In a trial size of 6gm
at £1.95, Standard size (30gm) at £4.95 or
Economy size (60gm) at £8.95.

Bend-A-Light high intensity
light probe

When trying to view areas of poor
accessibility, it is often difficult to
provide adequate illumination and
maintain the desired line of sight, The
Bend-A-Light a=sists in this sort of
situation because the small high
intensity bulb is mounted on the end of
o flexible 10in. alloy shaft and also
provides all-round illumination,

The head assembly measures less
than 0.2in. at its maximum diameter, so
can ba inserted through an apertura not
a lot bigger than this dimension. The
shaft can be bent through a wide angle,
as long as a falrly smooth curve is
maintained, Around 1/2in. appears to be
& sensible limiting radius, the shaft being
subsequantly straightened without
difficulty.

Powered by two AA batteries and
oparated by a switch at the basa of the
handle, the Bend-A-Light is supplied with
an additional plastic tube which doubles
as an extension handle or a protective
cover for the shaft.

The Bend-A-Light costs £12.95 plus
VAT and Carriage, spare bulbs being
available at £4.95

Tilgear, 69 Station Road, Cuffley, Herts
ENG 4TG Tel 01707 973434




ELECTROMAGNETIC
DEVICES

Part 1 = An Introduction

Perhaps the biggest advance in the home workshop over the last century was the introduction of
electricity, which allowed us fo progress from the treadle lathe and hand-operated machinery. The
essential component in this is the electro-magnetic machine, a source of mystery to many. In a new
series, Tony Claridge describes some of these devices and the principles by which they operate. Part
1 looks at some fundamentals of electromagnetism

were s a common belief among
I model enginears that both electricity
and magnetism are too mysterious o

be understood by ordinary people, and
furthermore they can be dangerous. This
attitude has always puzrled me. Seventy
years a(o our prédecessors built radio
sats, which are considerably more
complicated than most of the
electromagnetic devices which we may
need. Some of the more advanced radio
enthusiasts designed their own sats! | am
certain therefore that any model engineer
with the ability to calculate a set of
changewheals and the confidence to have
a go will, with the help of this seres of
articles be able to understand how
electromagnetic devices work, and will be i
able 1o design and make most of what B
they may need. At the very least, thay will |

be able to chooss what kind of device - i ettng L ) _ | MeETe : : =g : A
solenoid, motar éta will bast suit thair 1. A selection of small transformers, typical of those used in such rtems as battery
raquirgments. ehargers and electronic squipment

As in every other branch of engineenng <
we can't get very far without a basic \

grounding in the principles and theory
bahind the subject. This first instalment is
tharefore devoted to sorting out the
basies. When this is out of the way, things
will become more interasting. Incidontally,
yvou will probably find it uselul 10 keep this
part handy for whan we get down to raal
applications Ister on. Perhaps a photocopy
can be made so as ™o save this issue of the
magazing from getting dog-eared.

Magnetism

You may recall from your schooldays
baing taught about things ¢alled magnetic
‘poles’. My own early attempts to
understand magnetism were bedevilled by
a teacher using a hardened steel bar wilh
a small ball on each end as an examplea of
a magnet with ‘poles’. Now magnetic
poles have some uses in the academic
study of the subject, bul for practical
purposes like ours, thay are marely a
misleading distraction, What we need to
visualise is @8 magnetic field as being
anywhaere where there is magnetism, and
which consists of a magnetic ‘circuit’, It is
usual to think of a magnatic field as being

) N\ A ) RS ' Al
2. Five motors, ranging from a half horse-power capacitor start machine via a capacitor
start and run machine rated at one tenth horse-power to & windsereen wiper motor and

one from a food mixer. The one in centre front is typical of those used to drive small
domestic fans
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comprised of ‘lines of force’. While in
reality thare ig no such thing at a line of
force, the idea is useful in understanding
what is going on, and the concept has
grown into the conventional way of
describing a magnetic field, so forget
poles, and think circuits,

‘We can picture the magnatic field as
being mada up of lines which resemble
thin elastic bands, each of which forms a
closed loop. The lines behave like rubber
bands 10 the extent that they act as if they
are In tlension, so that they try to take the
shortest path, However, they are different
in that they do not like to be crowded
together, and will take a someawhat longer
path in arder t© avoid getting too clase to
one another, Figure 1 gives some idea of
how the lines distribute themselves in one
particular configuration.

If we ignore permanent magnets for the
moment, every one of these lines owes its
existence to the fact that it passes through
a coil carrying an electric current. The coil
15 the source of the driving force which
establishes and maintains the magnetic
field. i.e. the lines of force. (Even a straight
wire carrying a current produces a field. It
takas the form of a circular ring with the
wire at its centre and with its strength
diminishing as its circumfierence gets
bigger). The electric circuit (the coil) and
the magnetic circuit (the lines of force) are
thus joined togather like two links of a
chain. This linkage is an essential feature
of all electromagnetic configurations,

Units of measurement

Nowy, in order to understand the subject
of magnetism, we have lo have a system
of quantities and dimensions, so we now
have to get to grips with this, much as we
needed to understand length, volume,
prassure, flow etc. whan we first became
involved in engineering. It will be casiest if
| use Figure 1 to explain what's what.
What the figure shows 15 a cross-section
through a cylindrical coil of wira, togather
with an estimated distribution of the
magnetic field which results when an
electric current fMows in the coil. Also, the
figure shows how the field can be divided
into simple geometric shapes which will
help us to make some rudimentary
calculations. | dare say that the figura
rerminds you of those school
demonstrations of iron filings being
sprinkled on a sheet of paper underneath
which is a permanent magnet, Now we
can start to apply some dimensions and
units to the situation depicted in Figure 1.

The first dimension is the driving force
which is generated by the coil (whila it is
carrying current of coursa). This is simply
current multiplied by the numbar of turns
and has the dimension ampera twrms,
usually contracted 1o amp. turns. In the S|
systern of units which is now generally
used in angineering, the property is usually
abbraviated to amperes, since the amp
turns can be thought of as the total amount
of current wrapped round the eylindrical
core, You will no doubt recall that the
alectrical source which drives the current
through an electric circult is called the
electromotive force ar EME. In tha same
way, the magnetic source which causes the
magnetic field is called the magnetormotive
force, or MMF. 5o the MMF is the amp
wms produced by the coil and its current
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The next thing to be defined s the total
amount of magnetic field. Due 1o the
terminology which was fashionable in the
nineteenth century, and the idea that the
magnetic field emanated from a magnetic
pole, the name of this quantity is ‘magnetic
flux" and we can think of this as the total
number of those (imaginary} lines of force
which were used to visualise the figld. The
Greek lettar ¢ (pronounced phi) is used to
symbaolise this quantity. The unit, like many
others in the electrical field is named after
one of the scientists who helped the
understanding of the subgect and s called
the "Weber' for which the symbol is Wh
Fortunately for us we won't have very much
need 1o use this quantity in our calculations.

Far more valuable 1o us is the
concentrabion of the lines of force, callad
the ‘flux density’, Its imponance to us will
become apparent shortly. Again, the unit
is named after a famous scientist and s
called the “Tesla' . One tesla is the flux
density of 1Wh per square maotre. In
passing, Nikolai Tesla is the inventor of the
induction motor as wall as many othar
things used in the world of slectrical
enginearing. We use the lenter "B’ as the
symbol for flux density.

Now it is important to recognise that the
MMF produced by the coil applies to every
one of the lines of force which are shown in
Figure 1. To bé more exact, it appliés to
aveary pan of the field which 18 visualised by
the lines. We also need to consider how the
MMF s distributed among different zones
along the line. This s because we nead
mora MMF per unit of length where the flux
density is higher. We use the letter 'H' to
Indicate the amourit of MMF used per unit
length along the line. It has the dimension
of amps (or amp.turns} per matrs.

In order to calculate the field strength in
tesla which ariges from the coil’s MMF we
need Lo introduce a factor called
‘parmaability’. This is a measure of the
easa with which the field is established in
whatever material fills the space we are

3. A close-up view of the windscreen
wiper motor

4. A solenoid which controls avm‘um_l_l
washing machine

interested in. For non-magnetic materials,
which means just aboul everylhing except
iron and steal and certain uncommaon
maetals such as nickel, permeability (for
which wa use the Greek letter ) has the
numerical value:

4 xnx107

Interastingly, the rather ungainly 4 x =
originates from those nineteenth century
magnetic poles. It was once spocified that
a pole of unit strength would produce a
fiald strongth of one unit on the surface of
a sphare of unit radius. The formula for
the surface area of a sphereis 4 x n x 12, In
case your mathematical skills are a bit
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a'.t 1

can be cannibalised from a scrap

because of other failures and can often be
cadged from any service workshop who
otherwise throw them away

rusty, 107 means 1 with seven noughts
after it, Le. ten milhon, Howaver, 107
means DIVIDED BY the number, so the
permeability of non-magnetic materials is:-

dxn

Before we end this businoss about
permeability, there is just one more magic
numbar. When we have a magnetic
material in part or all of the magnetic
circuit, we have to modify the value of the
permaability to account for the different
properties of the magnetic material, We call
this factor the ‘relative permeability’ and for
most ferritic materials it has a numearical
value of between 500 and 5000. We use the
same letter, | for both kinds of permeability
but add the suffix ‘0’ for the permeability of
froea space, as it is often called, and the
suffix 'r’ for relative parmeability.

So we end up, at last, with the
important formula:

Bup,xp xH

This is by far the most useful formula
which we shall be using.

For conveniance the unils and factors
which have been described above are
given in Table 1.

Quantitative analysis

Now we can go on to make some
calculations about the field distribution
which has been sketched in Figure 1, The
first thing to paint out is that making
predictions of the field distribution is not
an exact scienca. It ralies on a centain
amount of judgement, though with care it
is practicable 1o get to less than 5% error.
There are four ways of tackling the
problem. In order of potential socuracy
they are:-
al make a guess at the distribution and
then divide tha fisld into a small number
of rones,

b} divide the hield into a number of
simple geometric shapes and make
calculations based on these,

¢} divide the field into a large number of
rectangular blocks and again make

5. A powerful magnet of the kind which

calculations about them.
d) use a computer program to apply a
finite element analysis to the field,

Method d) is the one used by the most
advanced specialists in the field and is
necessary if the most precise calculations
are needed, for example to design the
focusing coils needed in television picture
tubes. It is quite unnecessary for our
purposes; indeed method c) is also more
complex than we need, as also is method
b). Fortunately we rarely need to deal with
fields which extend very far bayand the
coil which produces them. Howewver, in
order to show how to do the calculations,
we will make some estimates of the field
strangths around the coil shown in
Figure 1. It will be helpful to us to use
some real dimensions in order to do this,
and these are shown on the figure,
together with the very simple zoning
which wa will use for our calculations.

We bagin by specifying the flux density
within the coil. We will specify this to be
0.01 tesla. This defines the total flux
because we know the diameter of the coil,
but it is more convenient for us to work
with flux density throughout.

Now the main formula to grasp, the one
which we identified earlier, is that

Bop,xu xH
Re-arranging this we get:

B
Mg % My

Putting in the numbers for the field
insicde the coil we have:

H= 0.01x10" 7055
dxn amplurns
per metre

and multiplying by the coil length of 0.1
metre, we arrive at 795.5 amp turns, which
we can round off 10 800. Remember that
this kind of analysis is not pracisa snough
1o justify more than two or thraa
significant figures in the answers!

We next do a similar calculation for the
hamigpherical zones at the ends of the coil:-

The distribution af the field shown in
Figure 1 demonstrates that all the flux goes
through the surface of each hamisphere.
Now the area of the base of the
hemisphere is 1 x r?, while the area of the
spherical surface is 2 n x r?. The mean flux
density at the spherical surface is just half
of that inside tha coil, e, 0,005 tesla, A
represeniative flux density throughout the
hemisphere is thus about 0.007 tesla, and
the length of the flux path is approximately
equal to the hemisphere’s radius.

The necessary value of H for this region
s thus:-

H= 0.00?){107
ixx

= 6570 amp turns per metre

and the MMF for each hermisphere is
5570 x 0.0150 = B35 amp turns.

The total MMF for the two hemispheres
is thus 2 x 83.5 » 167 which we round off
to 170,

The final zone is somewhat different. its
area nominally stretches out for ever, though
its length also increases as it does s0. Making
s0me very rough estimates, we can judge

6. A holding magnet which is capable of
bearing a weight of around 20 kilograms

the area to be around 0.01 square metres for
@ path length of about 0.16 metres, and using
the same formula we arrive at an MMF of
round about 60 amp.turns.

Summarising our calculations, we have:-

MMF for the field
inside the coil

MMF for the field
close to the coil
MMF for tha outside
field 60 amp.turns

800 amp.turns

170 amp.tums

Total MMF 1030 amp.turns.

So clearly we need not devote much
attention to estimating the MMF needed
for the field beyond the coil and the region
close to its ends, There are some lessons
to be drawn from all this. Firstly this kind
of caleulation is pretty crude, but still
dalivars a fairly good conclusion. You will
have realised that if we had started by
specifying the coil’s amp.turns we would
have to do what professionals call
‘terations’ and the rest of us call ‘trial and
error’. Howaver, this may not be all that
hard to do once we have acquired a bit of
exparionce. Old hands will sometimes use
a formula where one makes the MMF
aqual to that which would be needed if the
coil length were increased by an amount
equal 1o its diametar, and then not
bothering with any other calculations. In
the case we have just looked at, this would
give us a total of 1040, which is pretty
close 10 the numbers we worked out
above.

Before we end this rather tedious
article, though, suppose that we were to
place an iron bar inside the coil, and that
its relative parmeaability wera 1000, Then
the MMF needed for this region would fall
by a factor of 1000, which would
drastically change the situation. In the next
instalment we will deal with more typical
magnetic circuits, which almost always
have lots of iron in them, as well as some
useful applications, but this exercise will
have shown you, | hope, that the subject s
not as mysterious as it appears to the

ider. r
outsider ]‘I
Table 1
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Calling Cuckoo Hall

Lane former pupils

From Tony Aimer, Ferndale,
South Africa

My father, James Aimer was the
woodwork and metalwork master at
Cuckoo Hall Lane Secondary Modern
School in Enfield in the early 1950's. He
usad to take groups of schoolboys to the
Model Engineer Exhibition, where they
would actually build models on a stand in
frant of and in contact with the genaral
public. Pages 355 and 356 of Model
Englineer, lssue No. 2783 Vol. 111,
September 23rd 1954 rafar.

My father's 80th birthday occurs later
this year and | would like to trace some of
these people, most of whom have probably
rotired by now, so that | can make mantion
off tham on this auspicious occasion,
especially as he expressed an Interest
recently in their subsequent careers.

I you ware one of those boys, or know
someone who was, pleass contact ma at
the address below, or give me a call on
002711-7823323 (homel.

Tony Aimer, PO Box 809, Ferndale,
South Africa 21680,

Further thoughts on
machining hobs

From Peter J. King, Christchurch,
New Zealand

| read with interest the letter from Mr.
Turmer in MEW 63. The incorrect satting out
of the gears was my fault. For some reason
beyand me, | typed "20' instead of 26°, for
which | apologise.

Al the time when | was trying to work
out this method of using a lathe with a
gearbox to cut DP worms, | just started with
conjugate fractions, Brocots tables and a
“Texas Instruments’ calculator - computers
ware harrendously expensive then. | never
was very good at factorization; | have one
of those awful minds that can happily
accommodate geometry, ‘trig’, conjugats
fractions ete., but gets lost trying to
factorize. | have to laboriously work out
dividing factors for gears with a calculator,
otherwise - disastor!

About two years ago, | came across a
passing reference to this same
combination of gears in an obscure and
old manual (pre-W.W.I} on the cutting of
complax halices. It was being used in
revarsa to produce ¥ but | cannot
remamber why anyone would want ‘one
pi-eth’. | have never found this
combination mantioned anywhare elsa in
any other engineering handbook,

| suspect that & six-gear combination
will produce a ratio that is accurate to
many more decimal places; however this
one is accurate to five places, which after
all places errors in the millionths. | have
grave doubts that any modal engineer's
lathe leadscrew is more accurate than a
few tenths of a thou' over an inch after a
good few years of use. | know mine isn't
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quite that bad. | have an old DTI that
measures in microns and the short check |
made last year showed variables
(converted to inches) of 0.00005in. -
0.0001in. plus and minus ovar about two
inches (as near as | could guess), this after
fiftean years of use.

When using a lathe/gearbox
combination with this ratio to cut a hob or
DP worm, it will he necessary to revarse tha
lathe to return 1o the start of the cut. This,
when cutting the average hobiworm, will
mean an axial cut length of parhaps two
inchas maximum, This means that the
probable crest to crest and ¢yclical errors
with @ near perfect leadscrow would
probably be in tha order of 0.000002in. on
pitch and 0.000015in, over the approximate
1.75in, of, say. a small DP hob (16 - 400DP).
With reversal of the lathe in operation there
can be no accumulation of error fram the
gearing beyond this. There will in any case
be a variation of this order due 1o vanation
in temperature of the materialtool/
machina, The lathe being of lessar
accuracy, thig ratio is satisfactory, as any
gear inaccuracy is lost in the inherent
inaccuracy. il howaver you require a worm
of some ten to twenty feet in length, tha
degres of pracision will have to be
ascertained and other methods of
production used to aliminate the very small
but, at that length, meaasurable difference.

| note that very few model engineers
realize that it is futile to 'chase tenths’
there are too many variables along tha
wiy. For 99.9% of all model engineering,
all that 1s necessary is to be able to
machine to 0.001inch. If your machinary
will achieve 0.0005in. (a) it is small and
new or (b} it is large and of tookroom
quality, but even these will not hold that
accuracy for ever. The only engineering
requiring better accuracy for cylindrical
components is usually in something like a
diesel injestion pump - and they are
ground in any case! | have maver had the
nerve to ask any of the local gear
manulacturing companies to estimate cost
of a hob or worm to better than
0.000002in. on piteh - | think the reply
would just possibly teach me a whole new
lime in ‘engineering Esperanto’,

Engineering adhesives

From Richard Atkins, Wanganui,
New Zealand

The following may be of interest in
relation to Harold Hall’s anticle on the use of
adhesives (M.E.W. issue 64, Feb./Mar 2000).

Some 40 years ago, | acquired a wall
worn Macson lathe plus an unused 6in. 4-
jaw chuck, threaded to suit a Myford lathe,
which | had to bore and scraw Lo fit the
Macson. Retiring some 15 yaars latar, |
was able to get a new Myford Super 7, so
kapt the 4-jaw which wag bored again and
fitted with a steel bush which, in turn, was
scrowed to fit tha Super 7.

The bush was secured using ROCOL
Fitlock rataining compound (similar to
Loctite} and has been perfectly satisfactory
aver since.

.|,'
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Lathe tool packing

From Stan Coote, Sevenoaks,
Kent

Thank you for John Brittain's
contribution "Avoiding the Use of Packing’
IM.EW. Issue 65). 1 am tempted to copy
his luxury system,

My current approach to packing is,
having got the tool to centre height, to
keap the packing with the tool by binding
up with copper wire, packing and wire
baing freely available from scrap sourcas.

It is worth making up a ‘fake’ tool from
a square bar end (mild steel or brass) that
achieves centre height without any
packing. This can than be used, on any fiat
surface, alongside your tool to determine
the required packing - much easier than
fiddling on the topslide. The thickness of
the fake toaol is, of course, arrived at by
checking against a precise centre-height
column set on the lathe shears.

l||

From George Swallow, Dorking,
Surrey

Something has snapped! You know how
you can put up with things for a long time,
until someona points out that you don't
have to? So it Is with Jehn Brittain’s article
on toolposts and packing.

| sold my old Portass ovear a year ago
and bought a second-hand Super 7,
complete with the kosher Myford four-tool
turret, a great improvement, or so |
thought. Befose that | had the right packing
Sellotaped round svery tool, ready for the
old nut, bolt and clamp system on the
Portass. Some of these assemblies would
naot go into the Myford slots, and some of
the tools | cannot now get down to centre
height, even with no packing at all. Besides
the need for packing, there are other
discomforts; when you want 1o use a
boring 100l or turn between centres from
the tailstock end, at least two of the other
tools have to come out because the tool
needs 1o be on the other side of the turret
to reach the workpiece,

Reluctant as | am to interfere with
anything Myford have done, JB has
induced me 1o révolt. | shall do afl the
heavy work at evening classes, which will
be a contribution to my NVQL

| see that evening classes continue to
be advertised in ME and MEW and |
wonder whether any of them hava the
same arrangemants that we have? At
Redhill, there is a recreational engineering
course advertised every yaar, but it is not
funded and iz never run, so we are all
dragooned into the NVQ course that
attracts Government funding. Besides our
projects (and we can make what we like),
we have to mix in with the first-year
apprentices, be lectured in the theory, do
wrilten work, and take exams, all to keep
the college afloat! The one good thing
about it is that whereas we old lags used
to keep our heads down and get on with
our jobs, there is now a more sociable
atmosphare of those united in shared
suffering.

You may recall my article on
bowmaking planes a few issues ago (“Are
yvou a friendly model engineer?”), and my
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e-mall address publishead aftar the article
on the clock-wheel cutting machine. These
have led to a number of chatty e-mail links
with other readers of MEW, a discovery
that not all of them have lathes and
workshops, and a few of the one-
afternoon jobs that | mentioned in the first
article. Locksmithing seams to be a fruitful
field in which the model engineer can act
the saviour. | have since then made
replacement keys for several old locks,
and | repaired a safe lock one Saturday
afternoon for someone going on holiday
two days later, with his valuables about 10
become uninsured.

Tool and Cutter
Grinder details

From Ted Wale, Porters Lake,
Nova Scotia

Looking back over the last year's issues
of MEW.,, Paul Bowler's tool and cutter
grinder shown on the cover of Issue 56
[February - April 1999) caught my
atention. This machine appears 1o be a
version of the taol and cutter grinder first
featured in the Amarican Magazine
'Projects in Metal’ by Glenn Wilson being ,
in part, based on the spindle and housing
du@ to Philip Duclos shown in ‘The Home
Shop Machinist'. Paul justly earned a
Highly Commended Certificate, judging
from the cover shot, at tha M.E. Exhibition
in Class AS5: the reporter (M.E. No. 4088
p255) on this class refers to its
transatlantic origin.

My reason for writing is that |, and my
fellow club members, have had some
considerable experience with this design,
which now sharpens milling cutters very
well, but it was not always thus.

Firstly, to anyone who has the desire to
make one, | would say “Go ahead. It is a
good compromise between simplicity and
performance. It is not @ Quorn, but it does
not try to be and it works™, BUT be
warned. 'Projects in Metal' made it very
clear that the drawings were produced
AFTER the machine had been made and
first written up. It is clear that the author
did NOT maka it from the drawings Tha
result, as 5o oftan happens in these
circumstances, is that the drawings
contain errors which are very difficult to
avoid without a 'make to drawing
exercise’. To the best of my knowledge the
needed corrections have not been
published,

Secondly, while many of the mistakes
are abvious as ane proceads with the
piece part making and comparing one
with another, soma are not noticeable until
assembly starts, and a few are only
revealed when the machine is tried out.
This results in disassembly and parts
being modified or remada. | am not
criticizing the publishers as they made it
very clear that the drawings werne ‘after the
avent” and we all know that thig can
happen, The problem is that someona
obtaining the drawings now does not have
the advantage of reading the magazines
then as subscribers and so does not
raalize the situation,

Thirdly, | have a set of drawings with
the arrors (| hope all of them) marked in
with pencil as they were discovered. |
could make these available to anyone who
intends to make one of these useful

machines or mayhe Paul Bowler has such
a set, probably in better shape than mine,
Qur club made the grinder as a club
project and, as different parts were made
by different members, most of the
problems did not arise until the parts
came together on one bench for final
assambly.

Fourthly, we were very tampted to do
as the cover photo shows that Paul Bowler
has done and dispense with the
comprassed air fead to the main spindle.
Many home shops do not have
compressed air available, but there are
simple solutions to this in the volume that
we need as modellers. The original spindle
design by Duclos, as well as the machine
by Glenn Wilson, required an air spindle,
whiah aur elub faund to be almost
essential, Fully extended the spindie
ovarhangs the housing by nearly half its
length and the cutter being sharpened
extends again beyond that by a significant
amount. Even a very slight amount of
freedom in tha spindle/housing assembly
translates inta what can be an excessive
amount of movement of the tool tip at the
arinding wheel comact. We didn't realize
when we started how sansitive
satisfactory grinding is to the correct
presentation of the too! to the wheel. An
arror of a few thou (4-8) can destroy the
small rake angles needad in this
application, This is NOT like grinding o
lathe tool which is where we started. A
small error can produce a tool that either
waon't cut proparly and overhaats (rubbing
behind the cutting edge) or which dulls
quickly in normal use (excessive rake
giving a poorly supported cutting edge). It
is very difficult (almost impossible without
sophisticated grinding equipment) to make
a spindle and housing that has virtually
zaro slack but at the same time has the
fraedom of movemant that the sensitiva
touch of good grinding requires,

Fifthly, this problem disappears whan
air at 20/30 psi is fed into the centre of the
housing, 50 psi being even better. For a
good air spindle, a controlled amount of
clearance is needed, wall within the lathe
capabilities of modal enginaers. Tha air,
leaking out at the ends, centres the spindle
and holds it there with a surprising
amount of force. The design maths of an
air spindle show this, The machine is
much easier to make and a good
performance ks easier to achieve.

Lastly, and very importantly, this
outrush of air at both ends prevents tha
ingress of the fine grinding dust that is all
around when the machine is in use. This
can be disastrous to the spindie in a very
short time - enough said.

| hope that Paul will not be too upset at
my commants which are only meant to
help, Others may be encouraged to make
ane of these, having seen Paul's
magnificent model of what is a relatively
simple machine. After all that is what
modellers and modellers’ publications are
all about isn’t it?

9in. South Bend Lathes

From A N Eastwood, Etchingham,
East Sussex

My 8in. South Bend Model A lathe is
apparently identical to that of your

correspondent, Mr. Bert Martin IMEW No.
§7), also having 444-Z stamped on the
gearbox index. It is an excellent machine
axcept for the fact that, in its oniginal
configuration, the fiat belt siipped under
load. | have given this problem a lot of
thought, and delayed this reply until | had
completed my conversion to Vebelt drive,

My first conclusion was that this model
lathe cannot be converted to underneath
drive as the bed is too wide. South Bend
undermeath drive lathes ars somawhat
different in construction at the headstock
end 1o provide clearance for the flat belt,
which must pass behind the gesrbox. All s
not lost and a conversion 1o Vebelt drive can
be made in one of three ways, any of which
could be accomplished without recourse 1o
i aecond lathe.

Method 1. Machine a single A section
pulley groove in tha largest step of the
cane pulley, putting this groove as far
away from the bull wheel as possible to
avoid interference from the back gear pin.
The groove will break into the two holes
for the pin, but this will nat matter, as the
pin only enters about Ain. into the cone
pulley. Drive the lathe via three belts as
follows:- Motor mounted beneath the lathe
headstock under the bench, with first drive
belt down to a countershalt near floar
level. Second drive balt from a commercial
four step pulley on the countershaft,
upwards 1o a similar pulley on & shaft fixed
at cantra haight behind the lathe. Third balt
from a 4in. pulley on the fixed shaft to the
lathe. The distance betwean the haadstock
and the fixed shaft can be kept fairly shon
and this arrangement s about the nearest
you can get to a true underneath drive, Do
not even think of putting a vee groove in
the second step of the cone pulley as there
is a deep oil groove in the cone pulley
bore. To machine the cone pulley you will
have to remove it and make up a
temporary drive, This can be done with a
spacer machined from seaffolding tube to
replace the cone pulley and fill the gap
between the bull wheel and the thrust
bearing.

Drive the lathe with a pulley fitted to an
adapter made s0 as to fit into the mandrel
bore at the back, You need a slow speed,
s0 fit the largest pulley you can find and
aim for about 100 rpm. Before stripping
the lathe prepare a between centres
mandrel 1.625in. diameter 1o take the
cong pulloy. Leave the mandrel oversize
until you have the cone pulley out of the
lathe, then turn it down 1o a snug fit.
Press the cone pulley up against a
shoulder on the mandrel, which should
have a reduced diamaeter for a nut and
washer to hold the cone pulley in position
and provide drive.

2. Convert the cone pulleys to
Poly-Vee configuration, You will need 1o
find a UK belt specification, as | am not
sure if British belts are the same as the
ones in my American Browning catalogue
which shows that J section belts have
#in. rib spacing, and 10 rib belts are
"Wain, wide. This method should
overcome the belt slip problem, but still
needs plenty of space behind the lathe,

Method 3. This is what | did. | had two
iron castings made for new pulieys to
give a five speed drive with A section
balts. | have a second lathe, but even so |
fully machined both castings on the
South Bend. The maximum pulley

Model Engineers’ Workshop



diameter on tha headstock is 4.628in. and
the smollest 3.375in., each step being
Win, larger or smaller than the next

ane. A good speed range from a single
spaad countarshaft is obtained by a
countarshaft pulley having diamatars
ranging from 2.062%in. 1o 6.4375in. in
agual steps. Convantional multi step
pulley systemns are arranged for constant
belt centres, but | have arranged a link
and pin system to allow five diffarent
countershaft positions whilst retaining
the original balt tansioning system. By
drilling the holes in the link after
installing the pulleys and belt, | obtained
corract belt tansion on all of the five
pulley steps without further adjustment.
This method is fairly complex and
clearances are small. The cone pulley
had to be turned away 1o leave a hollow
shaft 2.2in, diametar integral with the
backgear pinion. The new five step
headstock pullay is fitted to this with
Loctita, and holes drilled for the backgear
pin. A Myford oil nipple (2BA) is racessed
into the front face of the assembly with a
drilling 10 connect with the
aforementioned oil groove, Two holes
Xin. diameter drilled through the bull
wheel allow lubrication with a Myford oil
gun, and avoid oil getting onto the
pulleys. These holas were drilled first,

180 degrees apart, then the oil nipple was
fitted to the pulley. The holes for the
backgear pin ware positioned so that the
oil nipple is accessible with the bull
wheel and cone pulley locked together.
This convarsion is very successful, but
does require great care, and clearances
are tight, such that | had to mill a recess
in the rear backgear guard to clear the
flange of the smallest pulley step, It
would be easier to provide just four
speeds. My original flat belt drive had
direct speeds of approximately 230, 400
and 725 rpm. The new arrangement gives
spaeds of approximataly 180, 315, 435,
635 and B850 rpm, with backgear speeds
from 35 rpm.
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More on older lathes

From A. J. Vantomme, Mortsel,
Belgium

| racantly bacama tha owner of a small
lathe, belonging to the effects of a very old
clockmaker. There is no maker's name plate,
only a small brass plate with the number
126 punchad in it in a8 very primitive way.

Total length of bed is about 18 inches
(450mm), cast in one piace with the foot.
The baed section resembles that of my
Pultra lathe, with central T-slot and T-bols
with accentric lavers to clamp headstock
and compound slide,

The parts A and B (see photograph) are
Ister mdditions, the one on the compound
slide providing a taper adjustment. The
spindle runs in adjustable bearings, and
originally had a %in. bore, into which a
sleeve has been fitted to accept 10mm
collets with drawbar.

The alloy pulley for a V-belt is probably
not original. one would expect a 3-stap flat
belt pulley on a machine of that age, and
there is room for it. Next to the pulley s a
clutch, activated by a small lever with an
aye on tha rear of the headstock, as found
on some industrial sewing machines, for
foot operation,

The slide is moved lengthwise by the
knob and lever C by rack and pinion, travel
approx. 30mm, Cross {eed is by knob D
through a coarse thread, and is spring
loaded!

The tool bar clamped to the slide is
double anded, with a square in each end,
and 1o the rear of centre line, Bath
movaments are limited by micromaeter
stops graduated 0-50.

Suggestions area made that it could be a
copy-lathe for turning brass clock
ornamaeants [finials, columns) ar sprnng
barrels.

Perhaps some reader may help to find
some mora precise information, for which
| would be very grateful.

WANTED

® Clock pinion cutter, 0.8 module, 8 leaves,
Clock wheel cutter, 0.8 module, 55 10134
taath, Cutters neading re-qrind accaptable.
® A. Craven. 01352 711512 (N. Wales}
anyltime.

® M.EW. back numbers, No. 2 {Autumn
'90), No. 4 (AprilMay 91}, No. &
(June/July “91), No. 7 (October/ November
‘91), No. B (Decembar/January "92), No. 13

From Tony Jeffree, Sale, Cheshire

Having read the Scribe-A-Ling entries in
Issue 65 regarding older lathes and
obtaining information and spares for
them, readers with access (o the Internet
may find Tony Griffiths” website to be a
useful source of information. Tony is a
dealer in second-hand lathes and
accessories; his website
(htp//meww.lathes.co.uk) carries his
current stock listings, but also carries a
huge and fascinating archive of
information and photographs covenng
almost every make and model of lathe
imaginable. With refarence to Peter Hyda's
enquiry regarding the 3.5in. Cromwell, it
appears from looking at Tony's Cromwall
web page that he is able to source copies
of the maker's handbook. His used latha
listing currently includes a Cromwell lathe,
{Usual disclaimer - | have no cannection
with Tony Griffiths other than as a satisfied
customerl).

Regarding James Barria's enquiry about
the Myford drip feed lubrication systam, |
quote fram my Myfard MLT manual:

“Normally the drip should be set as slow
as possible, but if prolonged high speed is
undertaken, the rate may be increased”.

That is the only advice they give on the
subject. the other couple of sentences
that relate to the sight fead lubricators
deal only with the mathod of adjustmant
of the needle valve by means of the
thumbscraw and how to refill the oil
resorvoir. | can only assumae that this
information applies equally to the older
Super 7 lathes with the same drip feed
lubrication systam. Myford still sell
coples of their original manuals; the
current accessories price list includes two
varsions of the Super 7 manual, one
laballed “before power cross feed”, so
presumably this relates to the aarlier
varsion of the Super 7. Myford's contact
info. can be found in their advert on page
10 of M.E.W, Issue 65.

ild Foactors wishing 1o make Lse of thia
 pledge fote that the maximum total value
accepted for a ‘For Sale’ entry is £50.
advartise goods of a greater valuo, please

{October™ovember "92},

Roger Ball, Camelot, Green Lane,
Frogmore, Cambarley, Surrey GU1T ONU,
Tel. 01252 871809

® MEW. lssues 2, 4109, 11to 16, 18, 21,
27to 29, 33.

Jacques Laporte, 8 Impasse de Clos,
Villemartin, F-91150, Morigny-Campigny,
France Tel. 01-80-80-01-79

EXCHANGE

| have been buying 2MT drills at car baot
sales and have a nearly full st plus many
spares. Dows anyone else doing the same

thing want to swap to complete our sets?

Tal, 01628 637466 (Maidenhead)
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