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Early machine data

I would like to repaat my request for help
in establishing 8 library of useful data
relating to older machinas. It is possible
that some readers with manuals, or other
useful data, may have, at the time of my
earlier raquest, intended to offer copies but
did not get round to it. Tha library, whilst
having some useful information, still has
some gaps to fill, so any offers will still be
gratefully recelved. However, if you are
offering copies of manuale with many
sheets, write first, in case | already have the
informatian.

Machine manuals and sales hrochures
are the main itame baing sought, but details
of sources of spares, accessories etc. are
equally baneficial, Costs of obtaining
photocopies and postage can be met.

Fraquently requests for help are received
for which data is required which is not
always quoted in tha manual, even if | do
have a copy. Typically, readers ask for
sources of gears 10 replace missing change
wheels. If | do not know the detalls of the
gears, DP, width, bore ete. then it is difficult
to help fully. In an endeavour to astablish
such data a questionnaire has been
established. This ask for such details as,
centre height, centra distance, number of
speeds otc,, atc, If you feal you would like
to help, please send in an addressed
envalope, not stamped, but marked in the
cornar Mc data, No need to include a letter.
Do not be put off by the fact that, you may
not know all the details requested. partial
details are better than no details ot all, or by
cansidering that many others will offer,
Replies from many readers will also be
helpful in giving an indication of the extent
of ownarghip of any particular model. In
any case, it may also be possible to
develop it in to a simple owners
cormespondence circle for the exchange of
ideas, spares etc. | have an idea lor a very
simple to operate system for this and will
enclose detalls in with the quastionnaire
rather than take up space in this editonal to
explain it in detail,

Model Engineer and Modelling
Exhibition

A reminder that it is now time to start
making plans for exhibiting at the Modal
Engineer and Modelling Exhibition to be
held at the start of 1995. Do remnember that
in addition to the competition exhibits,
there is a Loan Section for thoge who wish
1o exhibit but not competitively, With the
emphasis of this magazine on workshop
equipmant, may | urge you to exhibit sorme
such items you have made which fall into

this category. From correspondence
receivad, | know a number of readers did
respond to my request |ast year, lots see if
we, myself included, can do better this time.

Arrangements for collection will be
largely as last ime. However, of benefit to
the exhibitor is the abolition of the entry fee
which has been charged in the past.

Inflation plus

In these days of belt tightening it is nice
to report that the fee paid for the majority
of construction articles, other than the
simple, or those that require additional
editorial involvernent, has been increased
appraciably above the level of infiation.
Constructional items are those with an end
product. As | am always saying, when you
start a new project do it with a view to an
articls baing created from it when
complete. This means taking photographs
as the work proceeds, Preferably also,
produce your drawing at the start so that
thase can be used and proven. The need
for medium to large sine constructional
articles is the biggest problem in filling the
magarine, so please help if you can.

Toolmakers clamps

A letter published in Model Engineer
recantly axpressed concern on the number
of times milling operations were bueing
illustrated using tooimakers clamps to
secure the work, both in M.E and M.EW.
Whitle the correspondent had some very
valid points regarding the dangers of such
usage, | feel that with the proper care they
are totally acceptable. In view of this | felt
that a brief article on their use in this way
was a very worthwhile item to publish,
This can be found elsewhere in this issue,

Data Book

‘With one exception, the data book has
been well received by readers of MEW.
Howewver, | have to say | am disappointed
that from a presentation point of view it has
got off 1o a less than perect start. This is
now being addressed and every effort is
being made to improve the situation. To
eliminate one area where the published
sheet is at fault, pege H3/H4 is being
raprintad in this issue, Please destroy the
existing page. | would stress that the erors
in question are of page layout and not one
of errors in the data.

Can | remind readers that a ring binder is
available for the data book and as the book
will grow into a sizeable reference, the
price of £4.00 s well worth spending. Now
is the time to send in your order, rather

than when the sheets star to get latty by
being stored in Soma ternporary manner,

Tailstock turret

A number of readears have been misked
by the article on the three way tailstock tur-
rat published in issue 22 and sent 1o AL J.
Reaves and Co. for castings to make the
tarm. Aeferance to the drawings will show
that it is made from stock bright mild steel.

However, for additional information,
referance was made 10 two six way turrets
for which designs arme available and Resve's
were mentionad at the end of the article as

the supplior of castings for one of these,
this appears 1o have caused the confusion.

There was an error in the article, in that the
numbers quoted on the two extracts from
the plans have been interposed, that is the
number on page 33 should be WEB and
that on page 34 should be MM 127,

T.L.R. error

An attempt to convert dimensions in an
article from Imparial 1o metric has led 1o an
ermar being made. The T.LR (total indicator
reading) at the end of the anicle on page 30
should read 0.01mm and nat 0.01in.
Similarly on page 65, T.1R. should be
0.015mm and not 0.015in. My apologies io
the author and you, the readers, for the error,

End of term

if you have left the reading of this part
of the magazine till last, and why not, you
will have seen the advertisament for a new
aditor of M.E.W. With so much
encouragemeant having been given too me,
both face 1o face and by letter, | feal that
some explanation is called for. First
perhaps it is appropriate to say whal has
not caused me to give up this position. It is
not because of arriving at retiring age. or
hawving found an alternative position. | do
not, to my knowledge, have any health
problem and have no serious ditferences
with the publishers. Neither have my
family asked for me back, however | do
feel they would like the dining room back. |
am finding the job unacceptably arduous,
to a small extent the responsibility, but
much more so, & question of the time
taken by the task.

In the case of the time taken, | am
without doubt my own worst enemy,
attempting activities which perhaps should
have been left alone, typically the digital
readout, the CAD articles, (no quick job
attempting to leam a number of
programs), and more recently writing a
computer program for an M.E.W. index.
Such is in my nature and it is probably
rother late to change my ways. | did
consider the possibility of benefiting by the
help of an assistant but have not pursusd
this for a number of reasons. However, it
has been a super job and one | would not
have missed, and can thoroughly
recommend it to anyone who likes the idea
of a challenge. | will say a little more in my
final editorial,

| have given mora nolice than is
required of me as | feel the new aditor will
benefit by more time in hand prior to
taking over fully. | am therefore continuing
until the end of the year, which !!
means issue 28 will be my last,

Sapt/Oct '84
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TAPER TURNING

ATTACHMENT FOR THE

Mr B.J. Curson provides owners
of the Myford 254 lathe with o
design for a taper furning
atachment, no doubt it can be

adapted for other machines.

Introduction

Separate articles in previous issuss of
M.E. W have described taper turning
attachments for mini lathes and the
popular 3 ¥%in. centre haight sizes.

Here is a varsion for the naxt step up in
size, in my case a Myford long-bed 2645,
The various methods for obtaining a taper
on the lathe and their relative marits were
outlined in one of the articles mantioned
50 | will not repeaat them again here,
Suffice it to say that the attraction of an
attachmant for me is the facility to use
power feed without the drawbacks of the
off-get tailstock method - improperly
seating centres and the need 10 reset the
tailstock contral after offsetting it for tapar
turning.

My attachment is the result of a very
lengthy gestation and draws together a
number of loosely connected strands. Tha
inftial outline was conceived whan | too
had a 34n, lathe - a Super 7 - and even
then it was actually for copy turning, not
tapers. A rudimentary set-up was made for
that lathe, the job in hand completad, then
the project shelved pending time to
develop it. The lathe was changed in the
meantime, however, and though the bits
wera rehashed to carry out another
copymng job on the 254, it really meant
starting again,

The spur to finalise the design and
complete the attachment came when | had
the task of machining some brake drums
for a vintage motor cycle. These were
dished to follow the wheal spoke contour, |
did the first by offsetting the top slide and
though it worked, it did involve an
inardinate amount of tool overhang due to
the diameter of the drum preventing the
saddle passing underneath. | therefore
began to think of how an attachment could
olleviate this by leaving the top shde in its
normal position thus affording the tool
maore support. A flash of inspiratian
revealed | alr¢ady had the bulk of the
answer in existence, not from the previous
copying work but in the form of a device |
had made 10 produce curved valve gear
links on the Senior milling machine (Photo
1). Just a clamp plate to enable it to be
mounted across the lathe bed, a bar to
couple up to the cross slide and | was in
business (Photo 21,

Now this attachment can be used in not

12

one but four ways as follows:-

On the lathe

1) Normal taper turning.

2] For wtapers at large angles to the lathe axis.
31 For copy turning,

On the milling machine

4) Milling curved links and other parts.

MYFORD 254 LATH

of any of them or the need to construct a
separate aitachment each ime.

Using the milling attachment means the
length of taper which can be turned is
limited to about 8 inches. This should not
be a disadvantage however, for if ona
thinks about tapers - Morse, arbors,
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This brings out a precept worth bearing
in mind, that of maximum versatility in the
workshop. Often a little thought will enable
ane accessory to fulfil the role of a number,
without undua compromise to the function

fiywhaal seats, atc, - they are seldom vary
long, though it may be nocessary 1o
produce them anywheres along what may
bae quite 8 long component, e.q, a
crankshaft, This design therefore enables

Madel Engineers' Warkshop



tha sttachmaent to be positioned anywhere
along the latha bed and clamped thare.
Some features of the design were dictated
by the space behind my lathe baing
limited, due to squeezing a large machine
into a fairly small workshop. This is why
the graduated collar is ingide the bearing
block and the ball handle s@en in photo 2
has been changed 1o a disc wheel in the
final design. A removabla handle is
provided for use on tha milling machine.

Construction - basic attachment

Construction of the basic attachment
allows the choice as to which of the
functions are used. The drawings outline
dimensions, which were largely
determined by the materials to hand and
are open to some variation. This explains
why there are detall differences betwoen
the photos and the drawings, The rounded
slot in the end of mine, for instance, has no
function. It was already there in the hefty
chunk which forms the body (1) and which
had been laying under the bench for many
years. Every so often it would be dragged
out whenever a use might possibly be
found for it, till the milling attachment
sugpested itself. It is unlikely many others
will have a similarly sized piece available
and if somathing suitable cannot be
obtained, | suggest it can be built up from a
piece of 3 x Fin, and two lengths of % x
Yain. screwed, riveted or even welded
together, though the latter may cause
unacceptable amounts of distortion,

Note the mounting holes are spaced to
suit Senior milling table slots and 254
bedways. Different machines may need
adjustment 1o these, Similarly the two slots
in the undarside of the body ara to locate
the fitmant acrass the lathe bed for use as
in use 2 in the introduction, so again these
must ba mada to suit individual machines.
For flat bed lathes only one need be a good
fit on a bed shear but it should be cut
square if the calibration is to be relied
upon.

If used on beds with inverted V's" both
sides will nead to fit, of course, but rathar
than attempt to machine Two accurately
spaced grooves, it may be simpler to make
some separate Vee-blocks to screw on
when raquired. The piece of bar | selected
for the swinging arm (2}, again from the
scrapbox was, | discovered machined cast
iron. Purizts might wall say this is as it
should be, but there should ba no problem
using BMS here, as with the relatively little
use the anachmaent is likely 1o have, wear
due to similar metals in contact is going to
be minimal, especially if kept lubricated.

Whatever is used, the edges must be
straight and parallel and the pivot hole
needs to be bored to a reasonable finish,
The pivot bush (3 should then be turned to
a good fit in this hole. The length to the
ghoulder should be such that the arm is
only just free to pivot when the nut is
tightened anto pivot bolt (4). A shade of
stiffness is preferable to even slight
slackness here, especially if it is intended to
use the milling function. Similarly the
lengths of spacer bushes (17) should aliow
arm (2) to slide withaut shake between the
cross piece (5) and retainer bar (6). When
fitting the cross piece 1o body (1) ensure
the top surfaces are flush. Far fastenings to
the slide block (8) a single 'T" slot was
milled in to standard Myford dimensions,
as shown. This was so that existing 'T'

Sept/Oct "84

nuts, atc., could be used but this again is
opan 1o individual interpretation, Somae
may prefer a matrix of tapped holes for
instanca, It may parhaps ba wondarad why
the block (8] is not dovetailed 1o arm (2},
Indaed, if anyone wishes, thara is no
reason why this should not be done,
though It is dabatable if the extra effort is
worthwhile. In the milling mode everything
is tightly clamped together anyway and
whan tapar turning the parallal edges allow
some vertical fioat to the block, This
eliminates any need for cross slide and
block top surfaces to be exactly in line, only
that the coupler bar lifts tha block very
slightly.

The gib strip locating screw (10) should
be a nice fit in reamed holes in both block
and strip. The two clamping screws should
preferably be on the stiff sicde to turn. This
will ensure they will stay put when backed
off just enough to allow the blask to slide
in the tapering modes, A small amount of
pliable maternal, such as PTFE tape,

- r

1: The attachment being used for its original purpose, making a curved link on the milling

machine,

trapped in the threads to take up any slack
is what is required. Alternatively the screws
could be longer and fitted with lock nuts if
praferrad. The faadscraw (14) and nut (15),
207PI left hand, came from the remnants of
a small lathe. Like much aelse in the design,
this specification is not hard and fast and
any relatively fine thread, of either hand,
would be perfectly satisfactory. The thing
to bear in mind, however, is that the pitch
of the thread othar than 20 TPl may not
give convenient numbers of divisions of
the graduated collar per degree of angular
movernant. As it is, the geometry has been
waorked out 1o give four lurns per degres
and with the collar marked with fifty
divisions the mental arithmetic for setting
angles 1o decimal fractions of a degree s
easy. This is the reason for the 11*%ain.
dimension of the pivot hole from the end of
the swinging arm (2). (The prototype was
made with a differant dimansion here,
before its importance was realised, with
the consequence that one degree

1 -

2: The original milling attachment adapted to taper turning. A cast iron brake drum being
dished.
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movement is 196 divisions!) The original
collar was made with a friction setting
facility but this has been found
URRBEESSarY 80 & simpler version locked
with a grubscrew is shown on the drawing.
It was graduated in the lathe with the aid of
an adaptor which enables the Myford
dividing head to be coupled to the
headstock mandrel. The fairly standard
mgthod is then used, a side mounted
scraw-cutting tool, with point st at centre
height, being racked along by the top slide,
The topslide collar calibrations give tha
lengths of line, say 0.050in. for units,
0.075in. for fives and 0.100in, for t1ens; note
that it is important not to lose count with
this mathod. A longer line in the wrong
place looks awful. So too do poarly marked
numbers, It is surprising the number of
otherwise well made workshop appliances
which are to be sean with appearances
spoilad by collars with figuras stampad
avery whaere but in the right places, Free-
hand will not do. My own design of
tapping and staking tool comes inta play
for operations such as this. Failing the
availabilsty of such an itemn, it should
require little ingenuity to devise a simple
jig to hold the stamps positively. Once the
numbers ara stamped, the collar is
returned to the lathe for a light skim with a
fine file 1o restore a nice smooth surface.

No fiducial line against which to read tha
collar is provided, the sharp corner of the
feedscrew pivot block serves very well for
this purpose. The block (13) requires
careful marking out and manufacture to
ansura both spigots are in line and the
feedscrew bearing hole is on their axis. The
most obvious way, if the piece of stock is
long enough, is 1o cantre in the four-jaw
and turn both spigots at one setting, using
a parting type tool for the one "behind” the
central square section. Otherwise, each end
will have to be machined in turn, reversing
and re-centring for the second one, By the
same token, the pivot holes in the
trunnions (7u & 71} must be in line.

Best here after bringing both to size and
shape is lo mark out the holes in the top
one anly. Dnll the fixing holes only in this
first then use it to transfer the holes 1o the
crosg-piece (5) and the lower trunnion {71),
noting the first two are clearance but
tapping size In 71, Tap 7l then screw all
together. Clamp the assembly to a machine
with the pivet hole centred then proceed
with centre drill, drill and reamer. While the
drilling machine might seem the obvious
choice here, it should be born in mind that
it may not have sufficient quill travel to
enable all three operations to be carried
out without shifting the table. This would
almost certainly lase ventical alignment.

Mounting

For narmal taper turning the attachment
must be mounted to the rear of the lathe
bad and for this a substantial bracket is
carried on an additional slideway. As
mentionad earlier, this enables the
attachmant to ba placed anywhers along
the bad as required. The slideway was
made to go the whole length of the bed: for
althowgh thare will be litthe call for use at
tha extrama tailstock end, it is a useful
place to "park® the bracket out of the way
when not required.

A fair quantity of steel is called for this
part of the project, especially if it is to be
made for a long bed machine. One thing

Model Engineers” Workshop



3: The basic attachmuent.

4: The set-up finally evolved for normal taper turning. The cross
slide feed nut is removed and the tool is infed by the top slide.
Note the DTI holder “parked" close to the headstock.

6: The sliding bracket mounted on the additional slideway.

EAR R ™

o L

5: A taper being turned with the aid of the attachment.

learnt from experience (s that flimsy
machine attachments are a usaless waste
of tima, A saving could be made by making
the slideway shorier so as to covar only the
anga the attachment is most likely 1o be used.
Constructors can decide this for themseives,
A shorter slideway will be necessary anyway
if the latha is fitted with the maker's vartical
milling attachment as the bracket for this
occupies space on the rear of the bed,
whare the slideway would otherwise fit.

In order not to waste time by producing an
inadequate article, some may consider it
was wasted in another way during the
production of the ariginal. The late George
Thomas was the author of much exceilant
material on workshop matters and
somewhere amongst his prolific writings

SeprOct '94

he stated that time spent using a hacksaw
could raally be batter used,

How then, he would have frowned on
the next stage. Not having a suitable piece
of stock bar from which to makae the
slideway, the original was sswn by hand
from a slab of %in. steel plate which had
propped up the garage wall since being
strugqqgled homae from the scrap man some
yaars ago. It was intended for another
project which newer matenalised, In
extracting a piece for the slideway, plus
another to make a reinforcing rib (later
found unnecessary} then sttacking & large
lump of angle to bring it to size for the
sliding bracket, it is estimated a total of
about 131, of Wun. steel had been cut! In all
seriousness, if sawing by hand i1s the only

7: The mounting brackets in position on the rear of the lathe.

way 1o reduce a very large piece of metal,
one should not be put off as the task is not
really that daunting. The secret is to pace
onesell, The cuts ware roughly divided up
into pencilled Tin, intervals and a technigue
adopted of "saw an inch, rest a few
momants, sew an inch, rest .. and 50 on,
In addition every few inches were marked
as "targets” to be reached by certain times,
which gave a psychological boost as each
was passed. With a new 18 TP| blade in a
sheet-metal saw and with regular smears of
Trelolex on it, the task was completed in
much less time than anticipated

Sawing completed, the 42 x 3¥:in. bar 50
produced then required soma machining,
for as well as the cut edges it had a rather
rough surface due ta heavy but uneéven
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galvanising. With a table travel of only
15in. on the Senior milling machine,
obwviously this could not be done at one
setting. Here again a little ingenuity
enabled a machine to do work bayond its
nominal capacity. As the surface on one
side of the plate was somewhat better than
the other, that was chosan as the
referance. The mounting holes were
markad out and dnlled, then counterbored
in the rougher face, Cap head screws ware
used with T nuts to bolt the better face
down on the mill table, starting at one end
As much as could be done with a full
traverss was then fiy cut and the machine
stappod. The table was then returned to
rero, the screws slackenead and the bar slid
along to bring the end of the cut back to
the beginning. As T nuts came out of one
end of the T slot, they were unscrewed and
returned into the other end for catching by
a screw in the next hole along in the bar,
After re tightening another length of cut
was taken. This was repoated until the
whole surface had been treated. It was not
deemed necessary to machine the whole of
the other side. An and-mill was used to just
clean up along the edges where the
guidebar flanges slide. To machine the first
sawn edge the bar was mounted by the
mounting holes on three angle plates,
again stanting at one and. The marked
cantre line was set parallef (o the table
surface. A full travels worth of edge was
then end-milled, after which the table was
returned to zero, as bafore, Tha angle
plates were loosened from the table (not
the bar at this stage) and all slid along till

8: The anqular scale being engraved. This
is & posed photograph, the attachment
having already been completed.

9: Angular scale and graduated caollar, Note
the swinging arm clamping screw installed
in the right hand screw in the retainer bar.
10: Another use for the additional slideway
- @ parmanent mounting for a DT1 holder.
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one angle plate ran off the end of the table.
The remaining two were then retightened
and only after that was the unsupported
one unbolted and re-fitted at the other end
of the table. Another cut could then be
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taken, Once again repeals of this procedure
enabled the whole langth to be finished.
The second edge was done in axactly the
same way, setting up being eased by the
ability to bed the first machined edge onto
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the milling machine table surface to obtain
parallelism.

Having read the foregoing most will
probably agree with the late Mr. Thomas
and obtain a piece of bright stock bar to the
nearest size, The only necessities then
should be to sguare the ends and ensure
any surface blemishes are smoothed off
with a file. The brackets which mount the
slideway on the lathe bed were milled from
lengths of 1Y%in, square stock. The
originals are more elaborate than they
need be, due to slotting to take the
slideway reinforcing rib, which, as already
mentioned, was later found to be
superfluous. The brackets wera mounted
using one hex. socket head screw and one
stud to each. This was yet another
economy measure and could be varied to
suit what is available.

To some extent the choice was dictated
by the tapped holes in tha Myford bed
boing metric. Two langths of fastener are
needed. Rather than buy more or ream the
holes to a differant thread, it was decided
to use sluds and nuts instead. Larger
diameter counter-bores were made in the
slideway 10 accommodate the nuts, the
studs themselves being made from 5/16in,
round, to take a 516in. BSW thread on the
outer end, When bolting on the slideway it
is impaortant that everything is lined up so
the lathe bed is not distorted. This may
sewm an unlikely risk but it can happen. Put
a longish but stout bar between centres.
Mount a DTI (dial test indicator) in the
toolpost and position the saddie to bring
the DTI prabe to about mid-way along the
bar. Watch the needle as the slideway
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fixings are tightened, The cause of any
noticeable deflections should be
investigated and rectified. On the subject of
fastenings, BSW hex. sockat hand scrawse
were used almost exclusively on the
prototype for the recurring reason that a
useful quantity were available but this is
also open to variation according to
individual tastes. It is doubtful if a piece of
angle of suitable size will be easily found 1o
make the sliding bracket, as shown on the
drawing of the original. A suggested
alternative fabricated construction has
therelore been appended.

Whichaver version is adopted, note how
the bolting facas of the guide -bars are
relieved a few thou for a distance each end.
This enables the bracket to be clamped in
any desired position by tightening the end
bar fixing screws. Obviously, these screws
must be slackened slightly to allow the
bracket to slide, The small saction bar fixed
10 the 1op of the bracket is 10 provide a
reference edge against which the
attachment is mounted. It is probably bast
1o leave this till work has advanced enough
to ba able to mount the bracket on the
lathe, The strip can then bo fixed by one
screw and clocked parallal to saddle travel
before the other holes are gpatted through,
drilled and tappead.

In dealing with methods of bracket
construction it should have been
mentioned that if angle is used, this will
almost certainly be out of square and so
require machining. It cenainly applied to
that used on the original, with the added
factor that, like the slideway material, it
was also roughly galvanised. It was

therefore clamped to an angle plate on the
milling machine with packing inserted to
bring one web closa to horizontal, This web
was then skimmed all over with a large
end-mill to become the vartical sliding face.
The piece was then remounted by this
machined face and the other web
machined but only over an area sufficient
to produce the attachmant maunting
surface. So far out was the angle that to
cloan up all over would have required the
removal of unnecessarily large amounts of
metal and would have thinned down the
outer edge to an unacceptable degres,
Anyona using angle should be alert to this

possibility,
Calibration

Once it is possible to mount the
antachment in position, the screw can be
adjusted to bring the swinging arm to clock
true to saddie travel. The collar is reroed
and locked, Without touching the
adjustment again, the attachment is
removed and the scale marking completed.
To do this make an angraving tool fram
lain. round silver steel and an arm from %
or '%in, square bar Lo mount it on the
sliding block. See photo 8, Abut tha block
against the stop pin and lightly scribe a line
on the swinging arm, along the edge of the
block touching the stop pin. Move the block
away from the pin and successively scribe
furthar lines ¥, %, and %in, from the first.
These lines detormine the lengths of scale
lines for the half degree, degree and five
degree points. Fit the arm to the block such
that the engraver paint coincides with the
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pointer index line, Temporarily remove
the painter. Put some packing about
0.008in, thick under the block, then drop
tha angravar into tha hola in tha arm 206
its point rests on the top of the retainer
bar. Lock the engraver with a grub-
screw than ramove the packing. Care is
neadad now or the ratainer bar may ba
marked where not required. Lift the
black to bring the engraver point clear
than slide the block till its edge is
against the scribe mark, Press the block
down and slide towards the stop pin.
The engraver should scribe a line on the
retainer bar at the scale zero position.
Lift the engraver point clear, Set the
first half degree angle on the swinging
arm by adjusting the screw the required
number of turns, as counted on the
collar. Scribe another line, this time
with the block edge starting from the
spin. mark. Lift clear, add anather half
degree and this time scribe a %gin, line.
Another half degree and back o a 'sin,
line, Then ¥xin. again and so on till the
five degree point is reached, when the
Ysin. mark should again be used,

Then back to alternate % and Ywin.
lengths till ten degrees is reached with a
final Yainch. Return the arm to just past
zero then coma back to il to zero the
collar. Note the amount of backlash
present when the serew s turned the
other way then proceed to mark the
other half of the scale with that amount
of correction applied to collar readings.
if & basa ling is required to the scale,
turn the engraver through 90 deg. and
hold the block against the stop pin while
the swinging arm I= wound from end to
end of its travel. The procedure may seem
a little cumbersome but a rhythm is
quickly developed and the scale can ba
completad quite quickly. The figures weare
stamped using the arm from the staking
tool tamporarily mounted on the shiding
block.

Operation

In use the methods are pretty well self
explanatory, For conventional taper turning
the cross slide feedscrew must be
disconnectad, and the top slide swung
round to provids tool feed. For most
applications the scale andor the collar
should suffice 1o set the desired angle.
Once the angle has been set, the swinging
arm is clamped by inserting a screw and
tightening in the nearest convenient holes
in the retainer bar and cross-piece, For
more exacting work it would probably be
as well to at least check tha zero by use of a
DT after mounting. This was done during
tests on the original, after which the angle
for No.2 Morse taper was set using the
collar, The taper then turnad fitted first
time, requiring no further adjustment. This
would seem to illustrate the methods are
adequate but anyone wanting to be
absolutely sure of the angle could use a DTI
10 employ the Sine method for setting. For
large angle tapers, with the attachment
clamped across the lathe bed, saddle and
cross slide roles are reversed, The cross
slide screw remains connected and feeding
by the cross slide moves the sliding block
along the swinging arm, so moving the
saddle along the bad in sympathy, Tool
faed is again by the top slide but this time
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leftin its normal position
parallel to the turming
axls. The photo. showing
the attachment in use as a
milling accessory should
naed no commant,

Footnotes

For copy turning the
slide block is removed
and a tamplate of the
required form bolted to
the swinging arm. As for
taper wming, the cross
slide feadscrew (s
disengaged but the
eoupling bar is replaced
by a spring loadad
template follower. The
small block seen
mounted on tha top of tha
sliding bracket in soma of
the photos. has no
significance to the
present applications. It
enables the bracket to be
coupled to the saddle so
it slides with it when used
ag the basis for a
projected relieving
attachment, The
additional slideway
suggests itself as the

mounting for other attach-

ments as well. A photo
shows a clamp block
miade 1O accept the
column, etc., of a
commercially produced
DT holder. No doubt other
uses will emerge as

time: goes by.
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In the arficle concerning angles in
our last issue, methods available
for their marking out and
measuring were discussed. These
tasks can normally only be carried
accurately with the aid of relatively
expensive commercially available
equipment. In this article David
Lammas suggests making an
accessory by which it can be done
quite cheaply. The text was written
before his untimely death. It
complements his article, Precision
Marking Out, published in the
Oct./Nov. 91 issue of Model
Engineers' Workshop.

A Precise Angle Device

of the purpose of accurate linear

marking oul readers may remember

my previous articte entitled Precision
Marking Out on page 66 of issue No. 7
{Oct/Nov. 1991}, The present anicle
describes the construction of an
instrurment that is used in conjunction
with the modified Vernier calliper to enable
the accurate measurement and marking-
out of angles,

Many amateurs possess only 8 common
protractor, often of the school variety, as
their means of measuring, marking or
setting angles. It will be appreciated that
the accuracy achieved depends upon the
diameter of the protractor, larger ones
having & mare opon scale, thus being
easier 10 read, However, even with good
eyesight it is difficult to obtain a reading
much better that the nearest half a degree
or 50. The engineers protractar fitted with
an adjustable stesl rule is somewhat mare
convenient to use but is no better in
practice. If you have the cash to afford a
Vernier protractor you may well believe
that this article has no interest for you ...
but, hang on a minule, ... what sort of
accuracy do you get fram tha £100 or more
spent on that instrument? It might surprise
you to learn that it can only be setto the
nearest 5 min. of angle or ¥ deg.; | don't
call that a bargain!

When an engineer requires greater
nccuracy of angular maasuremant ha
resorts to @ Sine Bar which consists of two
hardaned steel cylindars fixed an exact
distance apart, usually Sin. for a small one
or 10in. for the larger version. Again this
would set you back upwards of £100 but that's
the cheap bit. To use a Sine Bar one also
neads a set of Slip Gauges which cost you
considerably more of your hard eamed cash.
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Now my device makes use of the
principle of the Sine Bar but without its
expense. It does need 1o be made
accurately, although such a task should ba
well within the capabilities of the average
home workshop engineer if the instructions
are followed. | understand many readers
have already modified their Vermier calliper,
which we shall use in place of the slip
gauges so they are halfway there anyway.
A table of settings is given at the end of this
article therefore no calculation i needed.

How does the prevision of this system
compare with the others mentioned?
Pravided the pans are made and
assembled with care and knowing that the
calliper can be set to the nearest thou we
ought to be able to do at least as well as
the expensive Vernier protractor and much
better than the common protractor, Since
Sine Bars and slip gauges are made to an
accuracy measured in millionths of an inch
rather than thousandths we should not
expect ta match their performance though
if we compare them on a cost basis what
we get for our "pence’ will ook pretty
favourahble.

Figure 2 shows the principle of the
device. It was known to the ancient Greeks
that the angle of a right-angled triangle
changes in proportion to the length of the
side opposite the angle. By making the side
opposite the right-angle exactly 5.000in. (or
any other exact length, though Sin. is a
convenient size) long and making sure that
we always measure at 90 deg.to the base
we can use a fixed table of settings for the
langth of the side in question. You will see
from Fig.2 that an angle of 60 deg.
correspands to a length (or "haight’ of the
triangle) of 4.330 inches. Figure 1 shows
that an angle of 30 deg. corraspondsto a
height of 2.500 in. and the table gives all
whole degree settings up to 65 degrees.

Why don™t we go up to 90 degrees? If
you try to draw a triangle with two angles
of 90 deg., it will quickly become apparent
that it is impossible. With one angle of 89
and the other of 90 deg.in. it is extremely
difficult and so on, as we go above about
65 deg. it becomes more and more difficult
to set the angle accurately, The Sine Bar
suffers from the same problem but it is still
axtansivaly used.

The 3 corners of the triangle on our
instrument are represented by the centre of
the pavot, a point on the upper arm exactly
5.00 in. from the plvot centra and a point
on the base directly below the latter. (The
length of the 'base” of the triangle also
changes as the angle alters but we do not
need to know its length.) For convenience
in use, the upper reference point is made
detachable and the lower reference is a
senbed line parallel to the sdge of the basa
because it is casier to measure to a line
than 1o an edge with out calliper points.
Note that the distance of the line from the
adge must be added to the "height’ of the

triangle, therefore it is wise to make it a
round figure such as 0.100 inch for easy
addition. The calliper setting for the angle
of 30 deg. would then be 2,600 inches.

If, like many people, you don't care for
mathematics do not et that put you off
making this item. When you use your TV
I'm sure you do not often think about the
electronics that determine how it works
(it's an interesting exercise to do it once to
understand how it does function but there
is no need 10 consider it every time you
watch a programme is there?) You will
s00n get used to setting out angles in this
fashion and never give it a second thought,

Description

The device consists of two arms pivoted
logether near one end, the inner edges of
the strips being coincident when closed.
These two edges must be as straight and true
as it is possible to make them and it is also
a great advantage to make the outer edges
true as well as parallel to the inner ones.

With careful use partis made of mild
steel will suffice, though gauge-plate sven
in its soft state would be better, for a
deluxe article it could be hardened and
tempered. To resist wear a large diameter
pivot is specified which must be a close fit
in the bore of the base, a clamp is fitted
adjacent to the pivot in order to hold the
arm firmly once an angle is set. The pivot is
riveted into the upper arm and fastened in
frictional contact to the base by means of a
brass spring washer and retaining nutl

It will be seen that the base is milled to
half its thickness at the pivot end allowing
the arm to lie on the same level at the right
hand side.

A recess is also milled to half the depth
an the upper edge of the base whereon a
refarence line is scribed parallel to the edge.

There are several ways in which it might
be arranged for the upper referénce point
to lie in<line with the pivot centre, for
instance a solid projection could be left
instead of the detachable piece shown but
that would make it more of problem to
ensure the straightness of the edge. it
would too, get in the way when measuring
angles and a notch would have to be cut in
the base to accommodate it when the arms
were closed, It must be clearly understood
that the detachable block must be very
accurately fitted by taper-pins so that it will
go back in the same place precisely or the
precision of the instrument will be nullified.
A method of doing this is given. If you do
not yet possess a taper-pin reamer, Now is
the time 1o get ane plus some tapar pins o suit.

Taper pins are available in a number of
different sizes for ¥ to %s inch and up 1o 1
% in. long. We need the %o size for
prefarence though 1/16 would do as well,
these are the ‘nominal’ sizes that one asks
for when buying pins and reamers. ¥
nominal size is 0.044 at the small end and
0,065 at the large end, ¥o nominal is 0.070
small end and 0.086 large end. They have
many uses so your purchase will be wall
worthwhile in the long run. Dont throw
away the cut off pieces of pin as they can
be used on other jobs,

When using the instrument the callipar
ia sat 1o give the desired dimension then
ane point is inserted in the punch mark and
the arm raised until the other point just
touches the seribed line. The shortest
distance from punch mark to line is when it
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ig a 90 deq.in. to the base therefore it is
quite casy o decide by merely moving the
calliper in a small arc. Because we take
cara to make both adges of aach arm trua
and parallel we can use any of them in
angle setting, for example the lower edge
of the base can rest on the surface plate
whilst wa scribe along either the upper or
lower edge of the arm. Again by inserting a
pointed pin through the hole in the pivot it
can b located in a centre pop on the work
while scribing along both inner edges,
etc,, etc.

Construction

Start by selecting two pieces of nice fiat
mild steel for arm and base. The formaer
requires ¥win. thick material 1in, wide by 6
¥in. long. the base is from %in. thick steel
1in. by 7 ¥in. long. Bright dravwn mild steel
whan axtensively cut away on one side
tends to distort due to intermal stresses
induced during the drawing operation, to
prevent this happening we must first of all
stress reliove the metal. This simple
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heat treatment, known as
‘Normalising' the steel, consists
maraly of heating the piece to a
uniform red heat for a minute to s0
then hanging it up ta cool naturally
in the air without being exposed to
any draught.

Before normalising sketch out the
shape roughly in pencil on the matal
to decide where the waste will be
then drill 8 small hole inthewaste | ©

4 |5
AN BTN

part close to one end. This will allow
you to hang it on a length of steal wire
during heating and cooling.

After normalising, when the metal is
cold carefully true one edge of each piece
and check the accuracy by rubbing the edge
on the surface plate which has been covered
with a very thin, even smear of the greasy
‘mechanics blue'. When the strip shows a
blue colour all along the edge you know it
I8 true. If any portions are not blue you will
know they are below the level of the blued
areas, 1o corract, remember it is the blue
parts that must be gently filed or scrapad
until another test raveals all-over contact,

From the edge thus trued the modified
callipar can ba sot to mark ‘from edge 10
line" in order to scribe a longitudinal
centreline along each piece, Complete the
marking out and centre pop where holes
are o be drilled.

On the base piece drill the two holes
Ypin. dia. giving clearance at the sides of
the boss but do not drill the pivot hole; this
will be done at a later stage in conjunction
with the arm in order to make quite certain
that the inner edges align precisely when
closed up. After drilling the two holes saw
away the waste metal as near to the lines
as you dare but without actually touching
them. The tricky bit comes next in filing or
milling exactly to the line to the nearest thou,

Milling or filing will give the result we
want on arm and base, provided we
proceed with care and keep checking with
the micrometer from the adge first
prepared. Check at & number of points
alang the length to keep things parallel. As
8 final check rub the adge on tha blued
surface plate. Remamber to check the
original edge again before taking off the
last thou or s0 in case any shight distortion
has occurred,

I have given sequence drawings for this
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When arm and base are fully shaped,

bt before drilling the pivol holes we
need to make the pivot itself and the
block for the end of the arm. The plvot will
be used as a gauge when boring the holes,
but if you do not have s boring head for
this job they will have to be drilled and
reamed in which case the pivot can be
made afterwards to a close fit in the holes.
Don't be tempted to just hold a length
*in, dia. steel in the self-centring chuck,
they are very rarely accurate enough to
obtain true concentricity. Start by holding &
length of Win. dia.. steel with about 1to 1
14in. sticking out from the jaws. Face the
and, centre drill fairly deeply and drill ¥ain.
dia. to a depth of just over %in., there
should be a reasonable size countersink laft
around the hole but not too big. Turn down
to 0.375in, dia, for ¥ain, length, aiming for a

good smooth finish, Either screwcut 40 TP
or use a Y x 40TP| die in the tailstock die
holder to cut the thread. If you elect 1o
scrawcut, take any burrs off the crests of
the thread with a fine-cut file. Polish the
3in. dia. with fine abrasive paper.

Next set the parting tool or a recessing
tool to cut with its edge parallel to the wark
ond turn the 0.250in. dia. spigot going
towards the jaws as far as the %in. dia.
goes, Take the sharp edge off the shoulder
with tha fina fils before parting off to
length. | hope you remembered to chamfer
the threaded end first!

The ‘block’ 1s a simpla milling job in
which the projection on tha underside
should be made a free fit in the arm notch,
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The block will be located on the arm by the
two taper pins not by the notch. The semi-
circular recess at the 1op is made by feeding
@ Yin, dia, end mill or slot drill in for half
Its diameter, At this stage do not drill the
taper pin holes or mark the centre pop
position. It i much easier to hold the matal
for milling if it s laft attached to the parent
metal until all the shaping has been completed,
then saw off and clean up the adge.

Clamp the block firmly to the arm with a
toolmakers clamp before drilling the two
holes straight through both. For a Msin. dia.
pin salact a drill %ain, dia. (1.20 mm) or for
a Yain. pin use 1.9 mm drill. Keep the
reamer upright in use and turn steadily by
hand without forcing the pressure, give it
time to cut, withdrawing at intervals to
clear the flutes, Make sure it cuts the taper
all the way through both pieces of metal.
Try a pin in the hole 1o check it fits properly
with a short length projecting at the small end,
this surplus length can be trimmed off later.

With both pins a satisfactory fit remove
tha clamp to very lightly countarsink the
holes at both sides, this should be no more
than a scrape to remove the sharp edge
plus any burrs. Also use a flat needle file to
romove a fow scrapes from the threo sides
of the notch in the arm and lightly chamfer
tha adges 1o provide clearance.

Fit the pins into the block with & tiny
smear of Loctite to make sure they stay put
bt push the pins firmly into the holes to
squaeze out surplus Loctite or the fitin the
arm may not be correct. Whan the Loctite
has set wipe off remaining liquid then saw
away tha large end of the pins a short
distance above the block; round the end
with a file to improve the appearance.

Fit the block back on the arm whaen it
should seat proparly with absolutely no
movement. if by any chance it is slack then
one or other of the pins must be tapped
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down very shightly until firm, If the block
sits with & gap between it and the arm, the
holes in the arm must be given another
scrape with the tapermn reamer. A minute
gan between arm and block s preferable to
any slackness however small. Thisis a
good axarciea in fitting skills that will well
repay the effort when other fiddley jobs
hawe to be tackled in the future.

it might by thought that ordinary paraliel
dowels could be used instead of the laper
ping but a little thought will show that if
tight enough 1o be free of movement in
both pieces of matal thay would be ditficult
to remove from either, Dowels should only
be used for permanently assembled parts,
ones that only rarely need to be taken apart
or whare precise location is not essantial,
In the latter case the dowel is made tight in
one component but relatively free in the other.

At this point; scribe the position of tha
reference point on the block. Fit it to the
arm then usa the modified calliper sat to
the micromater dimension of the arm
widlth 1o geriba from the rear edge of the
arm, Make sure the calliper leg rests
against the arm itself and not on the block,
which should be slightly clear of the rear
edge for this reason, file the block back if
necessary.

Now far the longitudinal dimension. Set
the calliper points to 5.000in. apart ta
scribe an ar¢ on the block centred from the
pivol position centre pop. Do not centre
pop the block yet as we must check the
longitudinal position again after the pivot
has been fitted just in case there is a small
arror in driiling,

The pivot holes

This is an smportant operation that must
be accurately parformad. The way in which
it is dona will depend upon your facilities. |

machine, On the lathe the
fixture should be clamped to the verical
slide facing towards the headstock. The
work should be clamped to the fixture as
shown in order that the arm may be
removed after the first %in. dia. hole is
formed without disturbing the position of
the base before drilling the Yin. dia. hole,

Setting the pivot centre pop exactly in
line with the drill axis is the next task. One
way is to use a 'sticky pin', that is merely
an ordinary pin with its head buried, in a
small lump of Plasticine, Blue-tack or other
sticky but not 1oo soft substance, This is
attached to the chuck with the point of the
pin facing the work. Start the drill running
then lightly hold the end of the pin with
finger and thumb until it runs truly without
the slightest webble at the point. t doesn’t
mattar what the other end of the pin is
doing but the tip of the point itself must
run dead true, have several goes ot it if
necessary. Traverse the saddie until the pin
point is very close the work without
actually touching it and adjust the vertical
slide and cross-slide until the middle of the
centre pop is aligned with the pin point.
Lock both slidas.

The traditional “wobbler' held in the
lathe toolpost with its short point located in
the cantre pop is of course dnly useful
where the work rotates, in cases like the
present other methods of centring must be
used, Thera is an optical system wherein a
short telescope plugs into the spindle
allowing the pop to be centred at the
intersaction of the cross-wires but few
amateurs will own one of those | suspect.

Having got it set properly, centra drill,
drill right through work and fixture with a
Letter B drill (6.00 mm) and ream ¥in.
diamaster. Slacken anly the clamps holding
the arm which can then be remaved
withoul disturbing the position of the base,
Place a small piece of lwsin. thick packing
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under the boss wheare the arm previously
supported it and reposition one of the
clamps to hold it. Again centre drill and
drill through the packing & mm dia. then
opan oul the hole to Shan. dia. (9.10 mm)
and ream Yin, dismeter,

Very lightly deburr the holes and
additionally countersink the underside of
the arm to just halfway through tha
thickness of the metal,

The second method involves boring the
holes after the preliminary dnlling by
maans of an adjustable baring-head
mounted in the machine spindla. Wheraas
a hole produced by drilling and reaming
might wander slightly off course, this
depends upon a number of factors
including the mechanical condition of the
machine, straightness and truth of
sharpening of the drill, atc., a8 bored hole
should be exactly concentric with the point
it was centred on. It is more difficult to
olain a holé to the exactly desired
diameter when boring but that little
prablem is overcome quite easily by
making the pivor to fit the holes
afterwards. When boring use a drill shank
or short length of nominal sized metal as a
gauge to make certain the size is not wildly
out then concentrate on ageétting a goad
finish rather than an absolutély exact
dimension,

When the pivot has been nveted into the
arm and filed flush on the back the precise
length to the reference mark can be
checked, eithar by measuring from the far

1 0.087 0.187
2 0.174 0.274
3 0.262 0.362
4 0.349 0.449
5 0.436 0.536
8 0.523 0.623
7 0,608 0.709
8 0.696 0.796
9 0,782 0.882
10 0.868 0.968
1n 0.954 1.054
12 1.040 1,740
13 1.125 1.225
14 1.210 1.310
15 1.294 1.394
16 1378 1.478
17 1.462 1.562
18 1.545 1.645
19 1.628 1.728
20 1.710 1.810
21 1.792 1.892
22 1.873 1.873
23 1,954 2.054
24 2.034 2.134
25 2113 2213
26 2.192 2.292
27 2.270 2,370
8 2.347 2.447
29 2.424 2.524
30 2.500 2.600
3 2575 2.675
32 2.650 2.750
33 2723 2.823
a4 2796 2898
35 <.868 2.868
36 2939 3.039
37 3.008 3109
38 3078 3.178
a9 3147 3.247
40 3214 3.314

side of the pivot and deducting half its
diameter, or by going from the near side of
the pivot and acding half the diameter. Use
the modified calliper with appropriate legs
in both cases. If it should be diferent from
the original mark just scribe again 10 make
a new one, making sure that the correct
intersaction is lightly and accurately contre-
popped, use a magnifier to set the finely
pointed punch before tapping it whilst
halding it perfectly upright.

The rataining spring 15 made from a
short langth of clock spring or similar
material. This s usually not too hard for
drilling through especially if @ good sharmp
centre punch is first employed to make a
reasonable sized pop. Another method is
to punch the hole with a hardened fiat-
ended punch and matching die, Bend the
spring to shape, taking care that it will
gxert some prassure at the tip when
riveted in place. The rivet is closed by
hammaering it Into a small countersink on
the back of the arm whilst supporting the
head in a suitable "dolly’ fixed in the vice,
Flle flush after riveting. Do not rivet so tight
that the spring cannol be rotated on the
rivet, it should be capable of being swung
aside bafore the block is removed.

The clamp screw I8 also riveted into the
arm Bbut this time make sure it is tight. The
clamp itsell must have the step milled
slightly less than the thickness of the boss
left on the base so that it will grip when the
screw is tightened. A knurled head to the
screw will provide sufficient gnp.

41 3.280 3380
42 3346 J.448
43 3410 3.510
3473 3573

45 3526 3.636
46 35697 3.697
¥ 3.657 3.757
a4 3716 3818
48 3.774 3.874
3.930

51 3.886 3.986
52 3.940 4.040
53 31883 4.093
54 4.045 4,145
56 4 096 4196
56 4.145 4245
57 4,183 4.293
58 4,240 4,340
59 4.7868 4.386
60 4,330 4,430
e1 4,373 4,473
62 4.4715 4516
63 4,455 4,555
64 4,494 4594
65 4532 4.632
66 4.5688 4.868
a7 4,603 4,703
68 4.636 4.736
59 4.668 4.768
70 4698 4,798
71 4.728 4,828
72 4.755 4856
73 1.782 4. 882
74 4,806 4.906
75 4,830 4,930
76 4,851 4951
71 4872 4972
78 4891 4.991
79 4.908 5.008
B0 4924 5,024
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The pivol is fittéd with a brass cup-
washer that acts like a spring washer
providing a frictional force, this means the
arm is able to move on the pivol without
being so slack that it is difficult to contral.
When sufficient tension has been given, a
drip of Loctite 241 Nutlock applied to the
auter ond of the thread will seep in
anough to prevent it turning
Inadvertently

To make the washer drill a hole of the
raquired size i1 a langth of someawhat
springy brass strip about Yain, thick or
thergabouts, Cut roughly to the OD size
with tin snips then mount on a threaded
mandral, using a nut to secure it and turn
to size. Place the washer so formed on a
block of lead (or soft wood It you hoave no
lead), put & large ball bearing in the centre
of the washer and hit it firmly with a fairly
heavy hammer. If you have no large ball
pearing either than place the ball-pein of a
hammar within the washar and hit the
other end of the hammar with a heavy
mallet te do the trick, Note that you
should not hit one hammer with another
hammer; the violent contact between
two hard surfaces might result in fracture
wilh the possibility of a steel chip fiying
off at high veloeity to causa injury. One
way 1o overcome that would be to rest a
thin sheet of mild steel on the
hammarhead before hitting it: o mallet is
safor

The washer is given only a slight curve,
we do not need to make it hemispherical
therelore same restraint in hammanng 1s
nNecessary

With all the parts made the instrumenmt
can be assembled. Before fitting the block
carry out a check to ascartain that thera is
no gap anywhere along the length
between arm and base when the pivot is
in place. If there is a small gap at the pivot
end thare is not a lot that can be done
about it. A small gap at the far and can be
corrected by carafully filing the inner edge
of the arm towards the pivot until thay fit
properly, but take it very steadily, The
outer adge of the arm must then be
correctod to be paraliel 10 it as measured
by micrometer,

Thae table of settings of the e
calliper for each degree is opposite:-

Read the note below in
conjunction with this table:

To calculate any intermediote or other
angle is quite easy especially if you
own a pockel caleulator having a *Sin'
key the procedure being marsly to
multiply the Sine of the anale by 510
find the Height of Triangle.

2.g. To find the haight of triangle
corresponding ta 20.5 deg. (20 deg. 30
min.)

Sin 20.5 deg.in. = 0.3502074 (by
calculatori or it could be looked up in
the Table of Natural Sines in your Zeus
or other reference book.

We now multiply the Sin by 5
03502074 x 5 = 1.7510389 or rounded
up 1o three decimal places this
becomes 1,751 in, a5 the height of the
triangle. To find the calliper setting just
add 0,100 to i to get 1.851 in..
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THE CONSTRUCTION OF A SIMPLE

OPTICAL CENTRE

PUNCH

Ted Hartwell provides us with a
simple design for an optical
cenire pun:i. Even if you have
no intention of making the tool,
do read on for the short course

on opfics.

Trm requiremeant to pasition a number
of hole patterns within an overall
tolerance of plus or minus 0.005in,
rasulted in the design and manufacture of
the device describad below

While othar, and more complex optical
centre punches, are available
commarcially, that made by the wriler is
simple in the extremea and can easily be
made from readily obtainable materials
without the need for precision machining,
wthar than the fit of the elements in tha
base and the forming of the lens surfaces.

The magnification considerad desirable
was thought to be in the region of x 5 or x
6 i.a, similar to that of a typical
watchmaker's eyeglass, the only constraint
being the total length of the magnifying
elerments, The need for an adequate base
depth together with sufficient projection for
illumination and holding purposes
suggested » measurament of betwaan 1 %
and 2 mches

In the absence of readily available
information on the refractive index of tha
acrylic rod {Perspex?) purchased,
expenmentation was resarted to, which,
together with sorme basic calculations,
gave a theoretical power (when viewsd by
the human aya), of a little over x 5 and a
lens radius of %a inch, The method of
forming the profiles described later will,
however, allow for any variations in the
optical properties of the material actually
wsed, iogather with any difference from
‘normal’ ayesight of the user

Actual manufacture

The base shown in the sketch was made
from aluminium alloy, although brass may
be preferred, which, being heavier, can
facilitate the 'holding down' of the unit
Those not wishmg to submit their lathes 1o
the heavy radial pressure necessary for o
satisfactory “full’ knurl, may also decida to
adopt a ‘curved waist for this purpose

The thres holes in the base must be
reamed accurately 10 a similar size and
have a good surface finish. The spacing s
nat cntical, and while reasonable
squareness is desirable, drilling and
reaming under the bench drill is perfectly
acceptable, (Many such drills have tablas
that are not precisely square to the drill
spindle axis)

The two magnifying elements were made
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from %in. nominal diameter clear polished
acryhic rod which, was in fact, 0.525in. ar
13mm in actual diamater, the mathod of
machining suggestad baing as follows.:-

a) Hold the length of rod in an accurate
three jaw chuck and reduce the diametar
until & smooth sliding fit, without
parceptible slackness, in the holes in the
base is achieved.,

b) Faca the end of the rod 0.005 - 0.010in.
shorter than the base depth and finish with
400 grade "Wet and Dry' abrasive paper
followed by metal polish to give a flat
transparent end surface.

¢) With a 60deq. tool having excessive flank
clearance, cut two concentrnc grooves in
the polished end face, ona Yein. dia. and
the othear ¥ein.dia,, 1o a depth of about
0.005In, 1o provide a ‘target’.

d) Fart off to 1 J&in. overall length. The
socond elermnent is machined in a similar
manner excapt that a 'noughts and croases'
box is cut in the and face as follows:

&) With the 60deq. tool uged in (c) above on
its side and “suin.

ody, the end is 0.005 to 0.070in. clear of
tha workpiece, thus protecting the ‘target’
from accidental damage.

Holding the element with the 'noughts
and crosses target’ in the threa jaw chuck,
or preferably a collet, form and polish the
lens surface as follows:

gl With a grinding point mounted in the
anch drill, which is set on top speed,
dress the diamatar to 1%in. and grind 5
plece of square HSS tool bit to create a
form 100l having about 8 dég. top rake and
side clearance.

Safety Note

The grinding point should ba properly
guarded as a precaution against bursting,
with safety glasses being worn during the
total operation.

h) Clean up the end face to produca the
lens profile and using the form tool
removed from the tool post as a gauge,
check that' the surface forms part of a

above cantre haight,
level numbar one
jaw of the chuck and 3¢°
cut 2 0.005in. deep I’
groove across the

L]
0-3?5* :

one jaw at 180 deq.
and cut a further
groave parallal with
tha firat (and Yein,

face, Leval number g

h.__ . /
AR b

- POINT

e

from it)

f) Using the head of
a combination
square, sat number ©
one jaw vertical and

i
MATERIAL % SILVER STEEL
CENTRE PUNCH

120° APPROX.

cut another groove

at 80deg. to the first
pair, followed by a
final groove with
number one jaw at
180daq.. Part off as

in fell

The precise circle
diameters, box
dimensions and
groove depths are
not highly critical
but must be cut
with tha pre-turmed
shank perfectly true,
l.e. at the same

OF 'LENSES!

ENLARGED END VIEW

MATERIAL « 50 CLEAR PERSPEX
QTY. ZOFF (ONE OFF EACH END MARKING )
MABNIEYING ELEMENT

setting.

If not satisfied
with one's first
attempt, the end
can be faced off,
polished and recut

LENS RAD
SEE TEXT.

110"

0-375%

whilst maintaining
the shank length by
facing back the
shoulder; so that @
when fitted to the

e
| SEE TEXT |
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sphere. Polish the surface with metal
polish, preceded if necessary, by the use of
400 grade "Wet and Dry”" paper, and
remove from the lathe,

1} Holding the element to the eye, with a
sharp Gin. rule beyond, check the focus
Shouid the ‘target’ be indistinet, but a clear
image of the rule be possible, (by slightly
maoving the rula away) the focal length is
too long, Le. the form tool will need 10 be
reground after reducing the grinding paint
by say, Yoin. on diameter

Alternatively, should it not be possible
to obtain a clear image of either the "targer”
or the rule, the focal length is too shon,
which, to avend regrinding the form tool on
a slightly larger diameter point, can be
carrected by reducing the length of the
magnifying element with the form tool,

again followed by polishing.

Either of these operations may naad
repeating until a crisp image of the target’
Is obtained,

Should the ‘noughts and crosses’
target” exhibit 'pin cushion' distortion, |.e.
the pairs of lines diverging at their outer
extremities, advance the cross slide by say
0.010in. and remowva a small amount of lens
surface adjacent to the outer adge. Repolish.

It should now be possible to form the
other magnifying element lens using the
praviously established length and form
tool radius

The Centre Punch

This is reduced from a previously
knuried {but not assential) piece of %in, dia.
silver steal to give an initial

push fit in the base holes,
The 120 deg. centre point
must, of course, ba turmed
at the same satting to
ansura concantricity,

Harden by heating 10 red
heat and carefully quench
(vertically); then temper to a
light straw colour at the
extrame point, followed by
stoning andfor polishing the
shank 1o provide a slide fit
in the base block holes
again without parcaptible
shake,

Those fortunate to have
access to 8 small cylindrical
or universal grinder will, no
doubt, prefer 1o grind the
shank and centre point after
hardening, having left &
suitable grinding allowanca -
say 0.008 - 0.010in, on diameter,

Using the centre punch

Place the base on the carefully marked
out workpiece and, using whichever
magnifying element is preferred, align the
intersection of the seribad lines in the
‘target’. Holding the body firmly down on
the workpieca, interchange the magnifying
element with the centre punch and give a
light blow with a 4 oz hammar,

Replace the magnifying element and
recheck,

The actual drilling should be preceded
by the use of a small pilot dill or cantra
dnill, with correct alignment ensured using
a ‘'wiggler' or as an alternative, a sewing
needle secured 10 the end of the drill chuck
by a blob of Plasticine,

The writer has had no difficulty In
holding the base of the device whilst
changing the elements, but the following
alds may be worth consideration:-

a) A small ‘pot’ magnat inget in the cantra
of the base,

b) A disc of fine emery cloth (with the
appropnate holes) fixed to the base with an
vpoxy adhasive

¢} A thin piece of cork secured ina

similar manner.

With the last two options it would, of
course, ba necesaary to remove sufficiant
metal from the top of the base in order to
bring the two magnifying elements within
0,006 - 0.010in, of the workpiece surface.

In the search for a suitable protective
container, the writer was fortunate in
finding that the lid of an aerosol paint
can fittad a tomato puree tin (openad with
2 Miracle can openerl, A spray of man
black paint on the outside of thea tin,
together with a disc of folt in the base, was
thenall that was required to give & |6:
professional appearance | "

REDUCE 10O
CLEAR KNURL

i
[

1.125"
(PARALLEL)

e

—REAM % (3)

._Fau:sm:en
ON PCD.

Two views of the completed punch, note the circle and @

‘targets’ incised in the ends of the magnifying elements

Sept/Cct "94

MATERIAL : 2 ALLUMINIUM ALLOY

BASE
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The completed dribbler.

A zimilar tool, charged with heavier oil and kept by the
lathe could be useful when turning work between
centres, to keep the fixed centre cool and well
lubricated without flooding the lathe with unwanted oil.

A BRASS

Construction of the tool is self
evident from this photograph.

OIL DRIBBLER

lubricating small parts on firearms

without *flocding' the object with oil.
Other methods of doing this could be
amployed but | also required this oil bottle
to appear attractive and fit in with my other
gunsmithing equipment, much of which is
vary old and well made. The oflor is all
made on the lathe and is a very simple
project although some care is needed.

with the needle.

The material for the reservair
bady, item 1, was an offout of 1 %in.
diameter solid brass bar, a size which is
often obtainable as surplus material. Only
43 mm or 50 is neaded and such small
pieces would probably be of little use 1o an
industrial user. As a fortunate consequence
these handy pieces of metal sometimes find
their way 1o the surplus market, | have
plenty of in. diameter solid brass bar and
50 | made the needle cap, item 3, from a
couple of inches of this material. Any size
can be used so long as it Iooks right and is
in pleasing proportions to the main
raservoir body.

It is handy to have the cap knurled
in order (o provide a good grp when
screwing it in or out with the thumb and
indax finger and | knurled this one very
easily using a knurling tool which
resembles o poir of pliers and is simply
clamped onto the job and held against
rotation by hand.

The fixed lid, tem 2, was parted off
from the parent stock of the reservoir body.
A small fibre washer can be fitted 1o the
needle cap if required, to saal the filling
hole when not in use. Mine is fitted with a
small leathar washer.

Once completed, the whole bottle can if
requirad, be polished, This can be done in
the lathe or using a palishing spindie. A
high polish is attained and no further
treatmant is necessary throughout its life if
it is handled properly. As it tarnishes it takes
on a 'look of quality'.

I made this oil dribbler as a means of
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How to make it

The piece of bar which has been
salected for use is put up in the lathe
chuck. First part to be made s item 2, s0
the 35mm diameter outer diameter is
turned, followed by the 32 mm diameter
spigot. There will be a slight clearance
between the lid and the body (if tolerances
have been observed) when assembled;
this is to aid saldering. While the material
i5 in the lathe a 5 mm holé is drilled in the
centre of the lid about 10 mm deep and
then tappad M8, This hole will also assist
when parting off the component which is
now done after breaking all sharp edges.

The remaining piece of brass is then
drilled blind and bared out to 32mm,
leaving the wall at the base thicker than
the side walis. This creates a small
amaount of "ballast’ at the base making the
bottle more difficult to overturn on the
bench. Both facas should ba reasonably
parallel with gach other,

The needle cap material is chucked and
the head end is turned up to and including
the Timm diameter flange. The 5mm
radius can be easily plunge cul using 8
suitabla tool and the knurl ganerated. This
completed, the work is raversed in the
jaws and gripped (using protective pads
interposed between jaws and knurled
surfaca) on tha knurled portion.

The remaindar of the matal is brought
ctown to 6mm diamater, and then the
needie section is reduced to 2.5 mm
diameter. The compound slide 1s set at 3
deg. and the needle is carafully tumned. An
M6 thread is generated on the Gmm
diameter and the machining is complete.

To fix the lid to the reservair body all
that is required is to tin the first 5mm of
the bore of the body using any soft solder.,
The lid spigot is cleaned and coated with
flux bofore being lecated into the body,
The whale job is heated with a blow torch
until the solder is seen at the joint, having
reached there by capillary action. Once
cooled the whole object can be polished

Applying small quantities of oil
is frequently a requirement for
such activities as clock

making, small engineerin
models and, as importantly for
the author of this article,

of a gunsmith, What at first
sight appears a simple
operation is in practise more
difficult than one might
anticipate. Alan Jeeves
provides this elegant and

REMOVE SHARP
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and the needle cop screwed into the lid. The
reservoir can be filled with a suitable grade
of light oil from an oil can and the D’

brass dribbler s ready for use.
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FINAL STROKES

WITH A SHAPER

Bill Morris concludes his series
on the shaping machine, with a
brief series of photographs
illustrating its potential Er a
variety of operations

thousand words., In this final part of the

series on using a shaper | lllustrate a
few more shaping operations using
photographs and captions o illustrate
the processes.

Having read the first two parts of this
seénes the shaping machine should now
hold no tarrors for you; you will tend to
use it whenaver you need a plans surface
when previously you would have used a
milling machine. Odd bits of rusty plate
can be pressed into service to profile and
slot locomotive motion plates (Figs.34 a
to f), and the slide bar seats on cylinder
covers are easily made square to the part
faca {(Fig.35). Tha baltered top surface of
your banch anvil will easily succumb 1o
the shaper (Fig.36) and you can at last
true up that vaea block left so badly scarrad
by its former owner (Fig.37)

To paraphrase Dr Johnson:

YWheén a man is tired of the shaper @
ha is tired of life.

I 1 is often said that a picture is worth a

J4a. Cleaning the edge of a rusty plate.

34b: Profiling a large radius

34¢: Finishing the surface of embryo
locornotive motion plates.

Model Engineers’ Workshop



34d & e More locomotive work. the
operation here is preparing seats for
guide bars.

34f; Slotting motion plate, note that
the clapper box is fixed and a fixed
tool carried in a special holder is used
for this operation,

35; Preparing the seats for the guide
bar on a locomotive cylinder end
cover.

38: Cleaning up the working face of
the bench anvil.

37: Cleaning up the working faces of
a badly battered vee block, this was
bought in very cheaply secondhand.
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Storing items on the rear of
cupboard doors is an excellent
wcz:f making maximum use

ce available. John
ribes his method of
sionng files and a hack saw in
o
such a position,
T he file store, seen in phato 3 and
published in the article deseribing
my new warkshop, (M.E.W. issue 24,
page 49) has proved o0 successful that | feel,
with the editor's mdulgence, that its construction
is worth expanding on, In case other
readers wish to make something similar.

The drawings really tell the whole story,
and lintle needs to be added by way of
axplanation, The need was 1o securely
house the files on the back of a door without
them vibrating out when the door was
openad and closed, and without the need
for them to ba |ifted ciear of a clumsy arrang-
amant, such as a bar with holes in for remaoval,

With the arrangement shown, the files
naed lifting only some 20mm to enable
them to ba removead. The gacrét of this s
the small indents made with a half round
file on each side of supporting dowels,
these enable the door to be slammed shut
and yeot the files still remain in position.. It
is preferable that all handles are the same
size, and if you are particular about
appasrance, an axtra stroke or two of the
file will enable the height of each file to be
adjusted so that they all rest at the same
level, If handles are of differing diamatars
than the spacing of the dowaels ¢an be
varied to suit,

The system would equally suit mounting
onto the workshop wall, in which case the
dowel on the front of the lower half could be
omitted, In fact the whole lower assembly
may be considered superfluous in this case.

Whilst not intended to be part of this
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MATERIAL. WOOD 30 X 18 / DOWEL 12 DI
) A, 2 MOLES DRILL AND COUNTERSINK FOR FIXING SCREWS.

! CHOOSE HOLE SiZE FOR DOWELS SO THAT THEY Can BE
£ DRIVEN IN, AVOIDING THE NEED FOR ACHESIVE.

VSE HALF RQUND FILE TQ PRODUCE SHAPE AS SHOWN

_EILE_STORE, UPPER HALF,

s

AVOIDING THE NEED FOR

MAKE SMALLER

FILE STORE, [OWER HALF,

MATERUAL. WOOD 30 X 18 / DOWEL 12 DA / DOWEL © DIA

A, 2 HOLES, DRILL AND' COUNTERSINK FOR FIXING SCREWS,

CHOOSE HOLE SIZE IN BASE FOR DOWELS, SO THAT THEY CAN BE DRMVEN IN,
ADHESIVE.

USE ADHESIVE FOR FIXING FRONT DOWEL ONTO SMALLER DOWELS.

DOWELS LONG ENOUGH TD ENSURE SPACL BETWEEN BASE AND FRONT
DOWEL 15 SUFFICIENT TO PERMIT EASY REMOVAL OF FILES,

©

article, the hack saw, seen in the
photograph, is worth 8 mention. This is an
Eclipse high strength frame which permits
@ much higher blade tension than can be
achieved with many other frames, As a

result, the saw is much more pleasing and
easy to use, and wall worth eansidering. It
15 of course more expensive being around
£13.00 imine was purchased from [.
Electromuail) -

The rack seen on the rear of a door, complete with files and hack saw.

Sep/Oct ‘94
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The sharpening of end mills
and slot drills is a cause of
much confusion for some home
workshop owners; | suspect in
many cases the same applies
in industry. Tony Skinner
details his own endeavours in
this direction and invites
comment on the subject from
other readers,

1) Derek Brookes, in his vary interesting
article in Issue 17, discusses the
sharpening of end mills and slot drills,
and makes the extremealy important paint
notto grind off more than the absolute
minimum nacassary, with which | would
heartily agree, particularly for the réeasons
set out in para. 12 b i below,

2) Me also mentions "a third relief
angla”, May | add a few furthar
observations around this “third relief
angle” or ralated facets, from the
viewpaint of a total newcomer to toal and
cutter sharpening, in the hope that
axperienced people amongst the
readership can correct, extand or confirm
these points to the assistance of us all,
The aspects and geometry’s involved are
modearately complex, but | will attempt to
set them out as clearly as | am able.

3/ | have worried about the problams of
sharpening milling cuttars for vary many
years, and have had a kit of castings for
the Quorn for over 20 years, but naver
managed to get around to its
construction. Recently, having got other
details of milling in my small lathe to work
protty reliably. | s&t out 1o ses if | could
knock up, for a smaller time investmant
than | suspact the Quorn to involve, a stop
gap system for and mill sharpaning, 10
keep these milling facilities going until the
Quorn is complated (assuming | am
spared that long!). At prasent, this stop
gap ig looking promiging.

4) However, within this recent work |
have spent appreciable time looking at the
sharpening facets of & range of end mills
and glot drills, some new but many
secondhand,. These latter have been very
useful, since (I guess) many of them have
been resharpened within the commercial
usage fiald. The primary clearance angla
(approx. 6 deg, | and secondary clearance
angle (approx. 12 deg.) are easily seen.
These two facets would be fairly easy for
tha home enginear to resharpan with a
suitable tool such as that described by
Derek Brookes (or possibly by the jig
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described by Mr. Longworth in issue 14, If
using this tool be axtramely careful not to
touch the cutting face of the following
tooth.

5/} Howavar, there are other grinding
facets present, of which one sesms to me
10 be extremely important, and also fairly
complex. | shall call this particular facet
the “end teoth gash®, to use the name
used by the Presto company in their
Counsallor baoklat on Enginaars Cutting
Tools (Publication PC 3, p. §1, [see
footnote for details - Ed.]).

6) To explain this further, refer to Fig.1
and photo 1 which shows a 2-flute siot
drill which | have resharpened. In Fig.11
have laballed the first, second and third
clearance anglas, and this end tooth gash.
These also show in photo 1, although the
lighting has not picked out the rear edge
of the narrow primary clearance and |
have had to mark it on the print. However,
if you look carefully at any end mill or slot
drill, you will see that the helix of the fiute
will only give a front cutting angle over a
fraction of the total radius present at the
radial tooth position (around a third, as far
as | can see). What the end tooth gash,
vitally importantly seems to have to do, is
to pick up from whare the halix flute is
beginning not to form an efficient front
cutting angle, and to create the best
possible cutting angle for this tooth from
hera inward until this tooth runs out nesr
tha cantra of the cutter (see 12 balow for
further comments on this runout), The
angle of this front-gutting rake in new
cutters seams (o be about 2-3 degrees.

7)in many new cuttars, the affects of
thig end tooth gash of extending the tooth
front cutting angle toward the cantre, may
be schieved by &

IEI{ING
DRILLS

in-feed, while the motor and wheel are on
a round vertical pillar. Thus although it is
much simpler in construction than Derek
Brooks' machine, it is capable of very
gimilar actions, The whee! | used is a very
shallow saucer wheel of about 75mm 0D,
with @ narrow radial face and as sharp an
external corner as possible. Tha jig was
get with its slide horizontal and virtually
parallel vo the radial face of the wheel. The
cutter was set with ite axis horizontal, but
inclined backwards from the radial face of
the wheel by about 2-3 degrees, (see the
plan view in Fig. 2}, and at about 18 mm
(i.e. half the wheel radius) below wheel
centre height (see Fig. 2 elevation).

9) The prime reasons for my adopting
this made for the "end-1ooth-gash”™ wera
as follows:-

a) The critical face to be formed by this
operation was the front cutting angle face
to the following tooth. It therefore seemed
best to generate this from an accurately
trued face to the wheel, which s mainly
the radial face.

bl It seemed 10 me as if the narrow

CUTTING (FRONT RAKE) FALE OF
LONG TOOTH,

' AftisARY CLEARANCE

" LAND (APPROX 7%

__ SECONDASY
i CLEARANCE
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LAND (w 30")—IF PRESENT

CUTTING (FRONT RAKE)
ALE OF SHORT TOOTH

# -
“T00TH-END-GASH

Fii1  ENLARGED {x3) END VIEW SKETCH

OF SLOT DRILL

very precisely
controlled edge
shape 1o the
grinding wheal that
producad tha third
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(This can be seen
inphotos 3 & 4
which | have
provided - Ed.),

8) However, the
sel-up mode to
which | have just
come to generate
this end-tooth
gash, is illustrated
in Fig. 2 and photo
2. My prototype
grinding Jig has a
sideways sliding
Action up 1o an
adjustable stop,
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©
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saucer wheel used in this sort of mode
could capsa with 8 number of end mill and
slot drill sizes (and possibly some rather
differant uses as well).

¢} Having the cutter axis at half the
wheel radius below the wheel centrs,
causes the arc of the wheel parimeter to
be at 30 deq. 10 the vertical at the cutter
centre (see the front elevation view in
Fig.2). This is then very similar to the
usual tertiary clearance angle, if such is
present or Necessary.

d} | couldn’t see any othar way of
craating this tooth front cutting angle
which would be applicable to a fairly wide
range of cutters.

10) The setting of the cutter in its
haldar in the rotational sense is very
critical, as is the use of the longitudinal
slide feed and the screw feed. | try to
illustrate these in Fig.2 and photo 2.

11) The aims of these sattings are as
follows:

a) To leave
untouched the
front cutting angle
of the outer
portion of the
tooth generated
by thea flute helix
shape

Secondary clearance
land

Primary clearance land

b} To pick up from this front rake
(really, | suppose, where the curve of the
helix flute would start to carry it fairly
markedly forward), and to generate a new
front axial angle {of about the 2-3deq.),
which new front angle runs slightly
behind the radial line until it meets a
convenient or desired termination point
{see 12 below).

12) The optimum form of thess settings
may vary shightly to suit the particular
cutter - end mill, siot drill, its numbaer of
flutes, ate.

Specifically:-

a) For and mills where the end recess is

Tertiary clearance land

“Tooth-end Gash"

Sept/Oct '94

still big enough, the “snd-tooth-gash”
merely has 1o run into this recess as
convaniant.

b} For two or three flute slot drills
whera one tooth is required to reach to or
just beyond the cutter centrea,

i} the “end-tooth-gash” for other than
this long tonth hava to be shorter than
that for the long tooth

i} all the “end-tooth-gash” have to just
run into each other, by an amount that
avoids any central pip but doesn’'t weaken
the teeth more than is unavoidable. This
is the reason that the tecoth frant so
generatad has 1o be slightly behind radial,
as mentionad in 11b) abave,

i) bacause these end-tooth-gashes
have necessarily only just to run into each
other, this means that only @ limited
amount of regrinding of the primary or
secondary clearances is hikely to be
possible befora the end tooth gashes have
10 be reground,
This is a key
reason to regrind
early and keap
the amount that
hag 10 be
removed to the
absolute
minimum, as
noted in 1 abova,
Itis also the
crucial reason to have available an
effective means to regenerato this end
tooth gash, otherwise you are likely to get
a couple of regrinds at best after which
you throw the cutter away while it still has
lots of good spiral flute length available.
However, my inspection of second hand
cutters mentioned in para. 4 suggests that
aven commaercial shops can have
substantial difficulty in restoring this end
tooth gash, Hence, in part, the gquestions
ot raised in this note.

¢) For end mills where the end recess
has been largely ground away, | would
think it should be feasible to resharpen
these by again making the end tooth gash
run slightly bahind the radial line 30 that
the various gashes intersect, although |
haven't had occasion to try this yet.

13) Specific points about these settings
are as follows:-

8) To have the gash run in at slightly
behind the radial line, requires the upper
tooth point to be slightly further away
from the whee! than the vertical through
the cutter centre

b) The micrometer screw in-feed has to
be vary carefully limited ta meet 11a), and
yet to allow the gashes just 10 intersect.

¢} The longitudinal slide feed has again
to be very carefully limited so that the
gashes intersect by the required amount
al the desired position,

Quite tricky, but photo 1 shows what
can be done after very little practise.

14) 1 don't know whether having the
cutter axis at (r/2) below the wheel centre
height, as per 8 c}. above, is a
conventional way of achieving a 30deg.
angle at the cutter centra, but it seems to
work guite wall,

15) Can anyone with much more
experience than | further clarify, 0
extend or correct these ideas. )

Supplier address

Proslo - Eastertsrook Allcacd and Co. Lid,
Penistone Road, Sheffield, S6 2FN.
tol. 0742 349361.



Not a new idea by any
means, but this Vernier
calliper to height gauge
conversion by R.J. Loader
benefits by its simplicity. It is
shown being made on a
Unimat 3 lathe so it should
be within the scope of most
home workshops.

T here are times when | need to mark
out very accurately, Not often, but
aften enough to think how useful a
Vernier height gauge is and wish | had one

| think someaone ance said that the wish was
father to the deed, or words to that effect. In
my case it was, because after thinking about
the differences between a Vernier calliper
and & Vernier height gauge, | concluded that
if a Verniier calliper was stood on it's head
with a scribing nib of some sort fitted to the
maving jaw, it was very similor 1o a height

gauge, The other part of the conclusion was,

why fork out about £80 for an instrument
which would be used infrequently?
Especially when | had a perfectly good
calliper which eould be adapted by making
aneé ar two hits and pléeces, all well within
the scope of my Unimat 3.

1: Drilling the holes for the bolts. The basa blocks
and packing piece have béen doweéléd rogether.

| started with the base and found a
couple of pieces of mild steel 25 x 12mm
just over 50mm long which would make a
good solid bass. The ides was to sandwich
a packing piece, the thickness of the calliper
fixed jaw, betwesn the two other ones, with
the shape of the jaw cut into the packer.

The calliper jaw was nominally 3mm
and it varied betweean 0.116in.and 0.117in
| had some 3mm strip mild steel which
could be rubbed down, ideally to 0.1155in,
as noear as possible, so that when the base
assembly clamped, it would just nip the
calliper without doing any damage. The
assembly was to ba held together with
cap head screws for clamping and located
by dowels for accuracy. | worked in a
cambination of metric sired matenals
maostly and Impernal where | had to.

2]

2: The set-up for counterboring. This must be done in stages.
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3: Finishing the profile in one of
the packing pleces.

4: The completed conversion in
use for marking out a component.

because my micrometer is a 0-1 inch
Before doing any work on the pieces, |
checked that | had suntable cap heads
and some Win. silver steel for making the
dowels.

Drilling stainless steel
sheet

roid trkHum;arl. s1
n thies drill if it sh

Alan Jeaves

The base

| began the base by drilling pilot hales
wheré | wanted the dowéls to go in ane of
the base blocks, Fig.1 shows the positions,
The size of the drill can be No,39 or 40. Not
having a drilling machine yet, | used my
Unimat as & horizontal drilling machine by
screwing the face plate to the tailstock for a
tahle and the drill chuck to the spindle. The
photograph shows the set-up. It lsn't the
first time | have meantally thanked the
designer for identical threads on spindle
and tailstock.

Having drilled pilot halas in tha one
block | clamped the two together with the
Imm strip betwean them. | had cut the

Model Engineers” Workshop



strip roughly to size with one edge as flat .
as possible, The clamping must be done an {
accurately; a small variation lengthways | . R 'I

will just need some work with a file at the : ! Juo |

-

end of the job. If the three surfaces which R A i !i
1) - A ;;::: HolEE ! oATA.
-i. ol ark TR o A, TAP M5,
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form the base aren't flat, trouble will crop
up later. The best way is 1o level tham off

on & surface table, if nol, a piece of plate i I ' ot ] Iy B. TAR & HA xS oaes
glass, falling that, a machine table or other | = C REAM & &
true machined surface. Check when the p—ji‘la’“‘ = id —l f'L‘__ _L

. v

clamp has been tightened in case it has . " = m

maved anything. T --'—--@t-f" 491 o - '@x -—f-—
With everything clamped the dowel ' | ]

holes were drilled for reaming, a No.31drill | & ] |

(0.120in.) will leave near enough the 10% | | >

the reamer likes to take out. | reamad the 11 L 'ég“ e — .'_:;7'.

block by hand, still clamped together as i ! : .8

one piece, Ieaving off when the reamer © e T 4‘4 m

poked through about Yan. so that the
dawels would be a press fit in the ona [ BoTTOM Brack - MiLD STEGL.
block and a sliding fit in the other and the s,

& T i

strip. The dowels were tapped in at this stage STAY
and the assembly checked to see that it
came apart as it should. it didn't, so | fiddled
about & bit with the reamer until it did.

When one block would part reasonably
@asily from the other, the now solid
sandwich of blocks and strip was clamped
again and | drilled and tapped for the
screws. | used M5 cap heads but 2BA
would do just as well. The screws don't
have to be let in flush but it does look
neatar. If it is a prablem, countarsunk
screws could be used, It is not an easy job
to counterbore by the mathod | was using
and needs taking out little by linle. |
finished off my countarboras with a Ywin,
dia. slot drill.

The packing piece

The next major job was to make a
profile in the packing piece to fit the fred
calliper jaw. It must be accurate, especially
where the beam of the calliper fits and
although it is possible to cut out the
complete shape, it isn't easy. An alternative
is to fasten the strip to the lower block with
BBA countersunk screws and then cut it
into two pieces, the pieces will still locate
accurately and it will make life easier when
filing out the shape. The cut is made so
that the two parts nip the beam in position
and as long as enough of the jaw shape ks
left 10 locate in the packing, there can be
quite a gap at the bottom too,

Tha beam of my calliper, which isa

so

12§
Ficd
W JR—

[ |

l

L_rz-s_J;4 55

— DRI PE-
L}

Cleamd R s

i — REAN diw.

___¢£_

[T T AT T ©

Mitutoyo, measures 0.625in. | expect the
nominal size is 16mm | have checked
anothef calliper of the sama make and a
Kanon; they are both the same within a
couplea of thou - the fixed jaws are also the
same shape. | took care to mark out the
gap for the beam so that the rest of the jaw
would lie where | wanted it to. The rest
was just careful cutting and filing till the
beam fitted without any shake. With the
calliper laid an the packers and lined up
with the filed siot, the jaw profile was
seribed round, | cut as much as | could with
a junior saw and fited the rest, | used an

5: A closer view of the clamp and scriber.
Sept/Oct ‘94

Abrafile to cut relief hales where the jaws
came 10 & point. The photograph shows
one of tha piecas baing finished off. Fig. 2.
shows the main dimensions,

The scriber and clamp

Figure 3 shows the clamp and scriber.
The clamp was a sandwich; 3mm mild
steel used for the inner strips, and Ysin, for
the sides, fastened together with rivets
made from Hain. dia. mild steel walding
rad, The inner strips were made too long
by about 14sin. each side so that they could
be filad off flush aftar the riveting was
finished. | marked out one sida only,
clamped everything together with the
smallest parallel clamp | had and drilled the
Ysin, holes. With the pieces still clamped |
countersunk the drilled holes lightly, no
larger than 0.080in. is the ideal size. There
are two main reasons for poor countersunk
riveting; one is making the countersinks
1o0 large so that they are difficult to fill up;
the other is to have too much rivet sticking
out so that a lot of hammering has to ba
done to close them down, For what | was
doing | made the rivets long enaugh to
stick out each side ¥ inch. To be quite safe
it 1sn't a bad idea to soften the rivets bafore
starting so that they will be as malleable as
possible, | knocked them down carefully,
working first from one side then the other,
using the flat face of the hammer as much
as | could and only using the ball pein Lo
finish off.

33



When | had finished the riveting and
filed the bumps flush | checked that the
clamp would fit over the jaw as it should
and leave a parallel gap for the scriber. It
did neither, the hammaring to close the
rivets had distorted it. The damage was put
right by filing the clamp out using a 4in.
pillar file, a 4 or G in. warding file will do
just as well. The othar thing which had
happened was that the anglad strip had
magically changed its angle and the plece
of scrap which was pretending to be the
scribing nib was not seating as it should. |
had measured the angle with the only
angle measuring device | have, a plastic
pro-tractor, it gave an angle of 13%
degreas. | checked using trigonometry and
it came to 13 deq. 40 minutes. Whataver
the reason for the error it was soon put
nght and with the substitute scribing nib
fitting correctly it was time to make the
real one.

The scriber or senbing nib was made
from a piece of a worn out 8in. hand file
which | had softened, A slice was cut off
and filed to the size shown in Fig.3. The
important dimensions are the thickness, so
that it doasn't wobble about and the edge
which fits against the jaw. Once finished it
can be hardened. Only the tip neads to be
hard, about the first Yaor Min. This will
allow it to be quenched in cold water and
not termpered, so that it will be as hard as
possitle. I finished mine by honing it on a
fine oil stone.

The trickiest pan of the clamp was
drilling the hole for the BBA clamping
screw. It must be in the middie because
there is very little room to spare st each
side. | drilled it using a redundant sewing
machine motor which | have adapted to
take a small chuck. It functions waell as a
hand-held drilling device; | had used it
earliar when drilling the Yain. rivet holes,

i f i . .|
The Iast item was the clamp screw. | " I——F > '@—-f l
made it from brass because | had some s| L‘_[ Baa. 3
}i—"

ready knurled. The reason why the head is ‘;’f"”""; . '

small is 5o that it will give enough T : £ _Scu@px -senden fose
pressure to clamp but not too much, = 3 Areae tiedonnaso TEMCRE
Brass is (deal because it is softer than the Hol B S e T = A RSk e Cavaie S5 080

calliper jaw and won't damage it. The P T TR T T

screw has a spigot turned on the end so Ele. 3. C.TAP NS D@, ©

that it won't spread the thread under the
clamping pressure,

All that was left to do was clean up and
thoroughly de-burr all ovar. Tha base could
be ail-blackad and lappad flat on tha
botiom if the equipment is avoilable.

It works well with a minimum height of
1Yinch. For work which is smaller, the
warkpiece can be stood on parallel blocks.
When scribing lines, keap the nib as flat as
possible against tha work, it will last longer
betwean sharpenings. Sharpen with a
stone rather than grinding. A cork fitted
over the depth probe will avoid accidents.
Vearniers are one of the most versatile

instrumaents in tha workshop, by making
thase few simple componants that D'l
versatility is increased no end. ] ! ;’
5 ! (R0
Did you know? @'i’_/_@%:g%‘,; ; _:é_@ﬂ:* -
_ g 5D el o 0
e |} { \‘\ i I I :'.‘.-i -—;m
— - — -
; ' |
Alan Jeeves Vi g v 1 - ARt il
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e visit

GUY KEEN'S WORKSHOP

We visit Guy Keen this issue.
He is one of our younger

readers and has both
professional and non
professional interests in
mechanical engineering.

Engineers’ Workshop magazine

included a number of letters from
readers exprassing concarn as to where
new participants In the home workshop
hobby would come from. This was
considered especially a problem in view of
the decline in the engineanng industry and
the number of young people entering the
metal working trades. A number of readers
axpressed a wish that M.EW. may be
instrumantal in encouraging young
engineers. Readers surveys and
correspondence show, that, while the
majority of readers are in an older age
bracket, not an insignificant numbear are
still on the lower rungs of the Iadder. One
such reader is the subject of this reader visit.

Eaﬂy correspondence in Modeal

Tank locomotive Tich first model

Guy Keen, now 28 years old, firet gained
an interest in enginecering at the age of 13,
whan his father purchased a Unimat 3
lathe. With this lathe, and somea Ingenulty,
the two of therm made their first project. the
3%in, gauge, 0-4-0 tank locomotive, Tich,
The Unimat was soon replaced by a
Myford MLA, the Incraased size of which
made the next two modelling projects
much aasiar, These consisted of the 3%in,
gauge, 2-6-0 locomotive, Princess Marina
by LBSC and the six column beam engine,
Lady Stephanie by Tubal Cain.

During this time, a need was found for
accassones to supplemant the equipmeant
avoilable, many of these being made,
rather than purchased. In any case, when
sventually studying for a degree, making
workshop aquipment became a logical
alternative to model making, due to the
limitad time available for workshop
activities.Guy has recantly moved to a
home of his awn and, like the vast majority
of young people is such cases, finds that
monay has to be carefully apportioned. As
& result, making, rather than buying, is the
order of the day. He has now constructed
his own 10 x 8ft. workshop, which has
been up and running for two years. This
has a concrete floor and is of a wooadan
construction, insulated with foft insulation
and lined with plaster board. His machines
to date are an ML7 and & large pillar drill of
unknown origin, Guy spends most of his
workshop time making items of workshop
equipment, which, at least for the time
being, he prafers to model making. He
points out that in many cases these are items
that he first made in his fathers workshop
and is now a case of second time round.

Look at photo 1, of his ML7 it shows
the countershaft clutch that he made from
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the design published in the
June/July 91 issue of MLEW, It
can also be seen in close up on
the Contents page. Like a
number of readers he had
problems with getting the clutch
to engage securely, and
overcame this by the uss af a
stronger spring. The lathe is also
fitteed with & screw cutting
gearbox which iz not considared
to be of Myford's manufacture.
This is illustrated in photo 2, can
any reader shad light on its ongins?

Degree in Mechanical
Engineering

Guy has a degree in
mechanical engineering which
he gained at Hatfield
Polytechnic, now called the
University of Hertfordshire.
During the early part of this four
year course, machine shop
practices were studied, part of
which was to make a bench vice
on a production line, as would
b wsed in industry, This rather
unusual vice is seen in photo3.
Around the workshop are a
number of items designed by
Goo. Thomas. Photo & shows
his non geared 3%iin. rotary
table, while photo 5 is of a
Universal Pillar Tool, Guy is a fan
of Geo. Thomas's designs
Another can be seen in Photo &
which shows his boring tool
holder. Photo 8 also shows, in
addition to the wiggler and
centre finder, a device for cross
drilling round bars in the lathe.
This simple device is first made
by setting a suitable block of
mild steel under the tool clamp
on the top slide of the lathe and,
while in this position, drilling a
hole using a drill in & chuck in
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blackened set were apparently used for
holding an item being silver soldered and
finished up with a pleasing black appearance
as a resull. Guy feals that they had a coating
4: Geo. Thomas's non- geired of WDJ40 prior to baing ||.l:r.ld"urn this way :
rotary table, A very ambitious projact being

. . undertaken at the moament, and well under

. way, is a Varmier haeight gauge. Guy has
&: U’:m:m" made his own scales for this using the lathe

L SCrivwy 5 " f |
ned by Geo. :-‘;;!i, scrow and a single point engraving
Tima spant in tha warkshop amounts o
around 15 hours a week during the winter
and 6 hours during the summer. | should
point out that he 15 a single man so thera
is also does his own housework. Even so;
ha still finds time for many other activitios
and is definitely not a one track man,
These include, DIY, very much in evedence with
a new kitchan being fined,
Wargaming, reading, golf, car mechanics,
also lighting and sound for a local amateur
dramatic society.
We thank Guy for letting us into his
workshop and showing us thie work he IS
undertalng. We are, as a result, veny encoursged.

Suppliers

Fixed steady; College Engineering Supply.
2 Sandy Lane, Codsall, Wolverhampton, WV8
1EJ). Tel/Fax 0902 B42284

Rotary Table, Universal Pillar Tool; A
Reeves and Co (Birmingham) Lid. Holly Lane,
Marston Green, Birmingham, B37 @
TAW. Tel 021 779 6831

&: Some smaller items including
Guy's own cross drilling jigs.

8: Fixed steady
for the ML7.

s e R e ]|

the lathe spindle. This hale is now at centre
height and with the block turned through
90 deg. the item to be cross drilled is
insarted and drilled, first with a centre drill
and then by a drill of the size required. A
screw s added to the jig to hold the
workprece securely whilst being drilled

A major project is the vertical slide and
machine vice in photo 7. These have been
fabricated from stock materials, a8 mathod
thit wass parbicularly benseficial in avoiding
the necessity to machine the tee slots.
Photo 8B shows a fixed steady made from
i College Engineernng Supply casting and
photo 9 a set of toolmakers clamps. The

9: A wide range of toolmakers clamps, an indispensable ftem in any good workshop,
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TOOLMAKERS

John Steele starts to put his new
workshop to use by making

some toolmakers clamps.
However, they are of particular
interest as they are made fo @
non traditional design.

ith my new workshop in a
reasonable state of completion it
was time to starl putting it 1o use,

The first task was to make those items of
workshop equipment, necessary for the
easy use of the warkshop, which it had
been dscided should be made rather than
purchased. The short list was, toolmakers
clamps, angle plate and toclmakers vice. |
was soon to lsarn however that, before |
could complete some of these, another
item of equipment would be necessary, from
reading this magazine, not an uncommaon
situation | would believe. When | antemptad
to make the vice | found a hole was needed
larger than | could dall, and the casting
wias cbviously too large for it to be bored
on the lathe.

A boring head for the mill was the
answer, but more about that in a later

The three sets of finished clamps. One
benefit of the alternative design is
obvious. .

article. Of course | had to
maka soma tee nuts and
clamps for the milling
machine, but this is comm-
onplace and not warthy of
more than this one mention,

]
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A L
3/8 3-1/4
7716 3-7/8
1/¢2 4-1/2
o/8 a=1/2
3/4 6-1/2

TOOLMAKERS CLAMPS -

MAIN PROPORT

S
3/16 X 40
3/16 X 40
174 X 40
1/4 X 40
°/16 X 32

[ONS

An idea from Scribe a Line

Toolmakers clamps were detailed in an
sarly issue of MEW (Oct/Nov1891) and |
see no point in publishing another full set
of dimensions. With a few minor
exceptions, for ong reason or another, the
ones | have mada followed generally the
dimensions quoted. Realising that some
réaders will not have that copy | am
providing a schedule which should provide
guidance for all the major dimensions. | did
h vor toke up the idea put forward by
two rdadars (Seribe o Line, Dec/Jan 1991/92
issua) for the clamps 1o be made 10 a
dasign somawhat different to the norm.
The final result can be seem in photo 1.
Why clamps are not available
commarcially to this design | do not know,
the advantages seem to cutweigh the
disadvantages, mare ahout that later,

I s0on found that even with these simple
iterns | was to find some difficulties due ta

© Drilling a pair of arms in the same operation, so as to ensure

the holes line up.

Sopt/Oct '94
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lack of equipmaent. It was as a result,
necessary to bring into service some G
clamps from the woodworking kit. This can
be seen in photo 2, where four lengths of
steel are being held as a group for machining
the ends of a pair of identical clamps

The next stage was 10 machine the laper
on the ends and this was carried out as
sean in photo 3. The end not being

Machining the ends of
four pieces to make a
pair of clamps.

machined was rested
against the inside edge

of the frant tee slot and
the ather end raised by a
piece of round steel
resting in the rear tee

slot. The diameter was
chosen to achieve a
suitable angle, which of
course s not that critical. it
was considerad that the grip provided by
thé two clamps spanning the bars would
ba insufficiant, and because of this,
additional biocks of metal were provided

The mathod sdopted for machining the tapered ends.

either side tor added security, Movement
of the workpiece during machining s at
best an inconvenience, and at worst &
spoilt workpiece, maybe sven a brokan
cutter and a safety hazard, so it pays to be
Sure.

With all six pairs of arms machinad it
was time to mark out and dnll, One from
each pair was marked out using the small
surface gauge and surfaca
plate. To establish the centre
line of each arm, the height
= gauge was deliberately set 1o
: a height very slightly less
than half the arm width. With
this done the anm was
markad twice, once from
each side of the arm, the two
lines enable the centra to be
established very accurately.
This can be seen in photo 4.
Two vee blocks were then
used, as in photo 5, to
position the bars accurately
upright, when the position of
the holes along the length
were marked out.

It is obviously praferable

_ A TN S

that the holes in each half of a pair of arms
line up so as to ensure that the two arms
come together accurately, The best method
of achieving this was to drill each pair
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Marking out the hole positions,

Polishing stainless
steels

Alan Jeeves

together. This operation can be seen in
photo B, the G clamp again being pressed
into sarvice, Whilst each size was
accurately marked out, some wander of the
drill may take place, it was therefore,
considered prefarable that they were
retained in their pairs. Simple marking of
the inner faces in the none clamping area
with centre punch marks made this easily
possible.

It was now time to make the turned
parts and the Hobbymat lathe was very
much at home with these, Photo 7 shows
tha commancemant of turning the nuts
with the slot for the lift off screw. The slot
being made using a small parting off tool.
Howewer, the absence of a two wheel
knurling tool presentad a problem, and |
was loath to make a temporary single
whieel tool due to the strain | considered
this would place on the machine. |
therefore opted for the arrangamant seen
in photo 8,

Avoiding knurling

The small grooves around each nut and
screw head were made using a small
round file, and this was done whilst tha
part was being held in the bench vice. The
first one | moved around the circumference
endaavouring to make each slot the same
distance from the previous one, This was
not totally satisfactory, as | ended up with a
space which was wider than those already
made and yet too close for an additional
slot. | therefore decided to be a little more
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precise, Making a simple dividing device
seemed a little extreme as, in any case, |
would probably replace them with knurled
heads when knurling facilities were
available. The compromies mathod
adopted was 1o make the first slot and then
make one immadiately opposite as
accurately as could be achieved by eye.
The pair of slots were then halved on each
side to make four slots and then each gap
halved again 1o make eight, this gave a
reasonably consistent result, and is quite
acceptable for the purpose. To save on
turning the other head was also made a
separate item and fited very tightly onto a
stud, also u:;il:_l_; some adhesve, 1o make
the complete screw. The small lift off
screws were screwed into a tapped rod in
the lathe and the step on thae rear also
made using a small parting off tool, as
shown in photo 9.

The pros and cons

Finally holes for tommy bars were
drilled in the screw heads, but here lies the
only disadvantage, as it s not possible to
provide a tommy bar hole in the nut. This
makes it impossible to make any
adjustments with this once the clamp is
reasonably tight, should the clamp not be
badding down properly; essantial when

Tapping stainless
steels

r than
1 the
i there s a
{ cutting edge In
nlact with ch can
cause it to work harden and perhaps
break the tap

Alan Jeeves

Making the sfot for the lift off screw
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being used in a machining
aperation, (Thera is 3 shornt
article on this very subject
elsewhere in this issue _ Ed.),
To make an adjustment, it is
necessary 1o loosen the screw,
make a slight turn to the nut,
and re-tighten the screw. An
alternative would ba to make
these with hexagonal material
S0 that a spanner could be used.
If this methed is adopted, do
ensure that the across cornars
of the hexagon chosen is less
than the width of the jaw, as
soma timas it is useful 1o ba
able to use the clamps resting
on thair side, | did say ona
disadvantage. but one other
minor point is that they are
slower to opan and closa than
tha convantional typa. Thaeir
main advantage becomes
obvious when photo 10 is
viewed. This has benefits in
many applications, drilling,
milling, use on the bench in
assembly activities, also surface
plate work. They are also much
easier to store on the shalf,
photo 1is an indication of this,

Next project

The néxt project was to
praduce an angle plate, and
whilst this was accomplished
without the uee of a sacond

In the absence of knurling facilities the heads were made
as seen in this photograph. The grooves were made
using a small round file and positionad by eye

Showing one of the potential uses for this form of

toolmakers clamp, that would not be possible with the

traditional design of clamp.

off screw.

lolerances.

Typically

angle plate, the obvious
method, a very accurate
ragult was achlavaed. This
was much better than my
best expectations. During
making the angle plate
the toolmakers clamps
were made use of, | did
find howewver that the
largest sizae, 5¥%in. long,
was still not htg enough
for some operations. | am
already considering that
some made from %in.
square. and probably
Ein. long, as suggested
in the schadule, would ba
o good idea. | will provide
another short anticle
ilustrating tha mathod
usad for producing g
the angle pate, el

Muaking the step on the rear of the lift

g slol dnlils are

manufactured to much ¢

slot drills,
Alan Jecves




Drilling underway.

CHAIN DRILLING

| am sure we all have
attempted this operation at
some time with varying
degrees of success. Pat Twist
e
approach which s prove
foolproof.

hen chain drilling 1o obtain a
blank fram fairly thick material,
unless the drilled holes break

Inta each other, it is very difficult to break
out the wanted piece. This can be more
than difficult, even impossible if the
wanted blank is a smallish circular disc
from a thick sheet, To tey and frea the
blank using a hacksaw will be frustrating
and will probably result in a broken blade.

In order to arrive at a chain drilled
blank, just needing one blow from a
hamrmer 1o release it from the parent
sheat, proceed as follows.

Mark out an the shaat tha shapa you
need, then if you decide to use a Yin. drill,
mark out another line 3ain., outside the
first line, 1o give you Wsin. 1o clean up to
tha desired shapa.

Set the dividers accurately to ¥sin, and
check the setting by walking the dividers
along, four steps in a straight line, which
should be exactly 1in. long, adjust the
dividers il necessary.

Walk the dividers along the line 1o be
drilled, just making a little arc erossing the
line each time. When you arrive at the
point where you started, halve the distance
batween the first and last arcs, and with a
magnifying glass carefully centre-pop each

40

Drilling complete

station, it will be well worth while taking
care to do this accurately.

With a Wein. drill, drill through the plate
at each centre pop and follow up at avery
other hole with the Yain. drill,
finally go round again, which will link up
all tha holes, If you omit the %ain. drilling,
the Yin. drill will wander and break into a
neighbouring hole, (probably break the
drill 1oo).

. e )i gl
o

E

Select a suitable size drill for removing
the last piece of metal between the first
and last holes, (Use a smaller drill first)
One good clout in the middle of the piece
with a heavy hammer will break out the
required shape.

Why do | use a Ysin. drill? Out of all
the drills in fractional, letter, and
Number drills, only %in, and Letter |
'E' are duplicates, o‘

The parts separated.
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A FOUR WAY
ARRIAGE STO

It is probable that all readers
will at some time, have a need
to turn a number of identical
parts on their lathe. In such an
instance it is also probable that
the operation will benefit by
some aids fo repeatability in
their production. Bill Morris of
New Zealand suggests one
such aid; a four way carriage
stop. Use of this accessory will
improve production rates and
maintain accuracy in the batch

P almarston North in New Zealand is in
the process of setting up a science
centre in which visitors can interact
with the exhibits in a way that is much
more interesting for them than just looking
at things as in a conventional museum,
From time to time | help them out by doing
odds and ends of machining that would be
prohibitively expensive if sent outto a
jobbing machinist. Recently, | was faced
with some repetitive work which involved
modifying four obsolate computer hard
disc drives ta do things that their designer
had never intended. | resolved to start by
doing somathing that | had never got around
to doing for years and construct a multi-
position carriage stop so that components
for the four units would be interchangeable.
It searmns to me that if there is room, the
place for the stop is on the saddle as far
away as possible from the chuck, rather
than on thé bed, handy to the lafit hand but
dangeraus to the knuckles if struck by a
chuck jaw, Not all lathes can accommaodate
it on the saddle, but there is room on my
Taiwanese lathe (equivalant 1o the Warco
13278H); and 1athes such as the Boxford,
Southbend, Atlas and Emco should also
have room, though you will have ta modify

in the chuck, the 45dag. part of a
combination square can be used
on the chuck jaws to set the
base at 45dag. to tha horizontal,
A sharp tool is then used to
lightly scribe the position for the
two through holes in the
underside of the front end of the
barrel

The cylinder is
straightforward turmning for the
most parl, Mine started life as a
piece of 1%in, {44.5mm) mild
steel bar which | knurled first
and then turned down to an
easy running fit in the barrel, It
was then faced off 10 the same
length as the barral plus about
0.02mm,. although a little more
would not matter as the thrust is

1: Cross drilling holes
for ball ratchet.

2: Carriage stop and
plain béd stop,

some of the
dimensions 10 suit
your machine,
| started by turming
off the galvanisad
outside coat from an
odd piece of water pipe
about 42mim outside
diameter that | had in
the scrap box and
parting off to 35mm
length. As wall as
finishing the outside
diameter, this also got
nd of & source of irritating white furmes
when it came: to welding on the base. a
plece of 6 x 22mm rectangular bar, | do
welding so infrequently and so inexpeartly
that | ofteén have recourss to Polyfilla prior
to painting but | am getting a little better
each time. The base could be silver
soldered to the barrel, in which case a flat
would have 1o be filed

(~——r
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on the barrel to iInCrease
the area of contact. It
would searesly be worth
milling or turning a flat
which a few strokes of a
file would produce. The
body can then be put in
the four jaw chuck,
centred with a dial test
indicator (DT)) on the
outside diamoter and
the bore cleaned up to a
mice finish, A facing skim
seross both ends and
remaval of sharp edges
© | completes the turning of
the body. While it s still
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all taken on the shoulder, Undercut the
shoulder a little to ensure that the thrust is
taken squarely on the face of the shoulder.
At this stage | marked oul the end for the

holes, again using a combination square
on the chuck jaws rather then resorting o
mora complex dividing techniques. | parted
the cylinder from its parent bar and then took
a finishing facing cut from the front, but for
those with weak nerves or light lathes, the
cylinder could start as a piece of bar sawn
to length and could ba hald by the rather
short larger diameter while machining the
smaller diameter, in which case it would
definitely be wise to give some support
from the taiistock. However, gripping short
lengths is not good for the chuck jaws, but
neither | suppose is a jlpamming parnting tool
good for the latha gemnarally,

Whichever way you proceed, the rest of
the cylinder is simple drilling and tapping
It is perhaps easiest to drill ight through at
Smm and opan out to 8.5mm for a depth of
30men from the back, then turning it
around to tap M6 through to the clearance
hole. Do not be tempteéd 1o hold the partin
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your hand while drilling it; if the drill takes
charge, a hefty piece of out-of-balance
metal will be whizzing arcund, possibly
taking your hand with it far part of the way.
The very least you can get away with if this
happens ks a bant driil. Use a drilling vice
attached to the drilling machine table by at
least one nut and boll. The tapped holes are
best spotted through from the retaining
washer. This latter can be a slice parted off
from the parent bar or even a square piéce
of 3mm material screwed inlo place on the

gylinder and carefully turned it to size.
| built up the bad stop “blank” by
welding a 30mm length of 25mm squara
biar onto a 70 x 30mm piece cut from &
piece of 10mm hot rolled slab. | ground
substantial bevels ot the joins to make sure
of good penetration of the welds and built
up a substantial fillel above the vee. When
grinding my rather lumpy welds to a more
pleasing contour, | learned something
about slag inclusions by Inspacting the
ground surface with a hand lens. This led
me to grind one very defective

weld back to the parent metal
and 1o start again. | don't think
silver soldering would do here
unless it ware given
rinforcamaent by Soma screws,
Those who enjoy using a
hacksaw could cut

an face "A” to clean up surfaces *B" and
*C", Still gripping by the end faces then
rotate it through 46deg. and end mill the
vea in easy stages. It is quite important 10
get the angle as close as possible to 45deg.
so that the stop fits snugly to the ves and
the front face of the front shear. Any errors
here can be corrected by filing and
scraping later. | did not get things quite
right and had to get the marking blue out,
Having got the bed stop 1o a snug fit on the
front shear, spot through and drill a
tapping hole ino the under surface from
the retaining plate, mill a lsttle step and
then tap tha hola M4,

Assemble the bed stop on to the front
shear and tighten the rataining plate. Put
the eylindar into the barrel, decide with
reference to the bed stop where it is to sit
on the saddie and mark around the base on
to the saddle. Then rotate the cylinder so
that an M6 bolt in ona of the holas can
encounter the bed stop without
interference from bolts in any of the ather
three holes and, maintaining this position,
spot through one of the two holes in the
underside of the barrel into the cylinder,
Remowe the cylinder and drill a hole for the
ball and spring, Then drill the biind holas in
the barrel diametrically opposite the
through holes, as shown in the general
arrangement diagram, (fig.1). It would be
easier 1o dnill four through holes from the
outside of the barrel, but then two of them
would be on the top and din of course falls
downhill inta any hole not intended to
recaivia it, & gpacial case of Murphy's Law.,

In arder ta do my job far the Science
Centre, | left the bed stop as it was at this
stage (fig-2) as | did not need the sliding
stop bar,
Unwisely, | cut
one of the
shoulders off
to give a more
pleasing
contour, SO
before doing
this, drill and
ream the 8mm
hole in the
bed stop or
you will have
a nerve
wracking time
as the drill
breaks

Q1Y 10FF
CTuUNDER. 1.

the whola blank
out of 30mm glab,
2 Having made your
blank by whatever
\ means at your
e digposal, the next
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3: Exploded view of carriage stop. @ faces (those that
face the head and
tail stocks), either
DRIL L TAP WA by milling or by
% facing in the four
- jow chuck. It can
g . 0-pn - then be gripped
by thaese faces to
clean up face "A"
iAo . p—— before settling an
a pair of parallels
» in the milling vice
Ao | ot wee
: el 1
ﬂ"‘l— MATL. SEE TEXT fo
| SHARE m:um AS SHOWN
.3
HAg ©
. ( ] O
7 5 REQUIRD j le]
MATL & nMs
o ’,""n""f grr u‘.:: -
MATL J0x) BMS £T00 BAR
ury. 10FF
RETAIMING PLATE @
r.
-+ 9% | pAL
K B
B . TAP 145 THROUGH l-u.l——-.‘“ ¥ |
T ClramANE o B s

MATL, 42 @ STEEL PWPE 2 x4 BMS,
RTY. 10FF
BODY. 2,

ary. 107
RETAINING WASHER, 3,

©

42

through into
an angled
face. Then drill
and tap a
cross hole for the M4 locking screw.,

The locking screw ie best made out of
brass 1o avoid raiging burrs on the sliding
stop bar; and if any burrs are raised on the end
of the scraw itsalf it is easier to screw out.

| found it easiest to remove the saddle
from the apron in ordar to drill and tap the
fixing holes. As well as giving me the
opportunity 1o spring clean and admire the
fine workmanship on the often wrongly
maligned East Asian machine tools, it also
allowad me to ensure that the fixing holes
did not end up by passing through
something crucial and that swarl stayed
out of the apron gears._ A little Polyfilla and
a few coats of paint followed by assembly
gave me Lhe pleasing result shown in the
photographs (figs. 3 & 4) and at times |
have wondered what | ever did @

withouwt if.
Model Engineers” Workshop

4: Carriage bed and bar
stops mounted for action.



1: The mt n hh for qua
screwed to the face plate.

FABRICATED
FACEPLATE

2: The raw matevials.

FOR THE UNIMAT

s regular readers will know, my sole
Amachinu apart from the usual Black
and Decker drilling tackle, is a
Unimat 3, a lovely machine, but | wish the

face plate was a bit better designed. It is
excellent as a catch plate for turming
between centres, but it has limitations for
my requiremants. My fault perhaps, for
using it as a drilling table when | use the
lathe as & drilling machine.

| have three main grouses; firstly, it isn't
big, enaugh; the swing aver the bed is
92mm, and I'm sure. that a diameter of

90mm, would be better than the 70mm one
supplied. Secondly, there is a pronounced
fim round the periphery and ribs in tha
casting, which make clamping difficult;
thirdly, it has three clamping slots which
rarely coincide with where | want 1o put the
bolts. Four slots would be, much better,
Photograph 1 shows the rim and ribs

Every time | have used it | have vowed
that | would do something abour it |
decided to do just that and make a bettar
one, with four tes slots to make, the
clamping easier,
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Bob Loader Mes o;ol:ﬁer of

his excellent articles showing
|ust what can be done with
imited equipment. This time, he
d-escnbes a fabricated face

te which he has made for

is Unimat. However, it is
eq;:llly applicable for similar

, or could even be

scaled up to suit larger
machines.

Having one machine to do everything, |
normally opt for fabricating where | can, 1o
save the Unimat from the milling jobs,
which it isn"t keen on; it groans and makes
noises. So | imended to wse similar
methods to those | used to make a 4 jaw
chuck, in fact | thought | could use some of
the rejected bits from the chuck job and
wasted quite a bit of time trying. Commaon
sanse prevailed, and | bagan with the
matenals shown in photo 2, a cast iron
blank, just over 80mm diameter and about
12mm thick. The photograph was taken
after a face had baen trued and 3 holes
drilled, In the raw, the faces were sawn,
one concave, one convex; | have a hacksaw
which does that, not often, but enough to
be a nuisance, The other pieces were a
S0mm diameter blank of duralumin which
was the wheel bearing of a luggage trolley
and a pieca or mild steal plate Smm, thick
and, 130 x 100mm. | used these materials
becawse | had them, | have specified them
on the drawings, the parts can be made.
from other materials, providing they are
good enough to do tha job,

Apart from the scraws and dowels, tha
pans to be made are, the back plate, base
plate and disc. 10 make the four quadrants
from, Fig, 1. shows tha assembly, |. have
left out the cap head screws and some of
the hidden detail 10 avoid clutter,

The base

This is the backbone of the job, because
the back plate is fastened to one side and
the quadrant to the other. It also locates the
other two parts accurately, the back plate
by a fitting recess and the quadrants by
dowels, If finted bolts are available, the
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dowels can ba left out
and the bolts will do
both the locating and
the clamping.

To cut the circle for
the base plate, | tried
my usual method, the
coping saw. It took
the teeth off very
quickly; the steal
must have bean a bit
harder than | thought
and needed
samething batter
than the coping saw. |
cut it with a hacksaw
uging a high spead
steel blade, bit by bit -
50 that the cut line
followed the curve as
closaly as possible. It
still had to be filed a little to bring
it as near round as it could be, 50
that the Unimat wouldn't protest
too much; a large diameter
exerts a large force against the
taa! and a small imegularity can
make the belt slip. When the belt
5lips badly, or there is a graunch
up, sparks flash in the motor
switch, so | am cautious.

To skim the disc to just over
the 90mm dia., | drilled a %in.
hole in the centre and mounted it
on a ¥%in, BSF bolt with a large
thick washer under the head, The
washer was Yin. diamater and
hein. thick; it gripped tight and
accurately in the chuck, much
batter than holding on the
hexagon. It ran quite true, so the
skimming want smoothly with
only a couple of small balt slips

| used HSS tooling, which |
found cut best, and turned the
recess for the back plate as far as the bolt
haad with a right-handed tool, the rest of
tha racess with a left-handed one and the
facing to the outside with the left-handed
one lo save changing round again. As the
other side of the plate was clean and flat, 1
left it alone, photograph 3 shows the
diameter being twmed 1o size, the last op-
eration to be done.

Fig.2, gives the dimensions for the base
plate. Ba not drill at this stage, wair ull all
the parts can be drilled together

Quadrants (1)

The cast iron blank for the quadrants
wias one from which | had already cut
soma shices when making the front plates
for the 4 jaw chuck | made
a long time ago. Because
of the way the hacksaw
cul, or perhaps the way |
made it cut. one side was
concave, the other one
convex, Now it isn't easy
to hold a 90mm, plus
diameter in the Unimat,
aeven when itis flat on both
sides. Tho best way | could
think of was to bolt it to the
facepiate, so | drlled and
tapped two equally spaced
2 BA holes in three equally
spaced positions, to pick
up the slots in the face
plate. 2BA screws allowed
enough movement to line
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3: The last cut off the diameter of the base
plate

4: The finishing cut being taken from the
cast Iron blank

5: Boring the discarded backplate ready for
threading.

it up accurately enough so that | could face
both sides. Photograph 1, shows the blank
screwod to the facaplate. The holes can be
openad up and used 10 fasten the
backplate if they are accurate enough
Unhappily, mine weren't, so | plugged
them and drilled fresh ones w hen the time
came. During the machining of the cast
iran, |was glad that | had carbide tipped
tonls. | kept the speed down to 130 rpm
bacause there was bit of wobble on each
side, as well as the concave/convex
business already described. | locked the
saddie tor each cut,

took it steadily and
avantually had a disc,
90mm diameter,
10mm thick, | bored
the centré out 1o
14mm. It was de
burrad and put asida
for finishing off and
cutting into individual
quadranis later,
Photograph 4 shows
the final cut off the
face. the ool cutting
from the centra
outwards. Fig.3
shows the shape and
dimensions of the

finished quadrants

Backplate

This was a simple job, compared with
the other two, | wanted 1o use an old pump
flange from a redundant washing machine,
it was made from die-cast zinc allay,
|udging by the way it cut and would have
done nicely. It would also have fitted a
salection of bits | had left over from the 4
jow chuck. the job | mentionad earlier, but |
made a complete hash of it and hence ot
was discarded. | have, howsver, used the

6: Tapping the thread in the backplate.

7: Finishing the outside diametoer of the
backplate.
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photographs of the pump flange to
illustrate the machining sequencas. | sad
the Duralumin from the luggage trolley
shown in Fig. 1. It was a convenient size
and shape. | cut the thread first, drilling in
stages and boring oul the last Yamm or so
before tapping, It is always better with fine
threads especially, 10 bore out the last litlle
bit. It trues up and also gives a better finish
and size than a drill. Photograph 5 shows
thie boring set-up and photo 6 the thread
being cut. Although the photographs show
the discarded flange, the operations are
identical.

The thread was tapped by the usual
method of using the tailstock to keep it
trua. | turned the lathe off at the mains.
rotated the chuck by hand, backing up with
the tailstock centre. A spanner which fitted
the square on the tap stopped It rotating
with the work and a smear of oil or
Vaseline helps the threading. This method
is only possible when the tap has a centre
hole in the head. Once the thread was
finished, the boss. was turned and the job
screwed onto the lathe spindle, so that the
rast of the machining could be done,

Photograph 7 shows the final cut off the

diameter. It should fit freely but with no
slop. The back plate can be. unscrewed for
checking because it will go back on true
avary tima, Fig.4, gives the dimensions for
my backplate check yours to make sure
there are no variations in your machina.
Onee it is finished, the 5.1mm holes can ba
drillacl ready for spotting through |ater,
though the dimensions can be changed to
sult materials available, the 12mm depth of
thread and 14.1mm dismeter ¥ Amm
counterbore need to be the same as on the
drawing,

With all the main parns machined, the
drilling, reaming and tapping can be done,
Firstly though, the marking out for the hole
positions will need the pans lined up.

i \muu..a‘,s.-t HALE SHE Tioe!, MAKE
Lining up the parts il DRLLES! HALESEST: AS BEQD.
The best way to line up the pans is to eNIesCn
make a plug which will fit and pass through |
all three, with a hole through the middle,
mine was a piece of mild steel threaded ' 'B'
14mm x 1 which scrowed into the back M 3 BACK PLATE - DURALOMIN - | OFF I

plate and passed through the other two
parns. | only used this because | had it

knocking about in the scrap drawer, An

alternative is a piece of 1dmm diameter DMiEn SianE 10 MILLIMETRES, ®
turned down to 13.10mm for enough (o
locate in the threaded back plate, 25mm.
total langth is plenty. The hole through the ST - 10
middle can ba 6mm, or Yineh,

Once the parts are lined up and
clamped, the two holes can be drilled for
the screws and with the assembly held
together it can be screwed on 10 the lathe
spindle so that the outside diameter of the
base plate and quadrant disc can be
machined to the same diameter. Centre
punch marks to identify where the parts
lime up ara a good idea at this stage. The
hole in the centre of the plug can be used
for clamping the assembly 1o an angle
plate or other device for marking out, |
drilled my plug %in., because | have a good
salection of %in. bolts.
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Marking out
The marking out which had 1o be done A - x
accurately was the lines for cutting the four ﬁ'rg i I QUADRANT - darF — CAST JRON.

quadrants. | clamped the assembly to a 1-2-
3 block. For those who haven't come

Sapt/Oct '94 45



B

quadrants are cut.

8: Marking out the guadrants. note how two of the
unwanted tapped holes will be remaved when the

10; Sawing ene of the quadrant steps using a fence again, note the bar clamped in the vice
for clamping the work. The stamped numerals are where the number stamps were tested.

This is the size used to identify positions for the quadrants.

across them, they are accurataly ground
parallels, 1in. x2in, x 3in, with holes, some
tapped, soma not, in usaful positions. |
usad one of my pair, bolted the assembly
to it and clamped it to a combination ves
block: photograph 8. shows the method. |
used my homa mades varnier height gauge
attachment to mark out. It was easy 1o set
the jol» a1 90 deg. for the second ot of lines
because although it isn’t easy to sae on the
photograph, the 1-2-3 block is sitting on a
ledge on the combination vee block.

I marked the lines to give a gap of 8mm
when the quadrants were cut. Before
unclamping from the 1-2-3 block, horizontal
and vertical centre lines should be marked
as these will be used for datums for
marking the screw and dowel positions,

The last bit of marking to do is to punch
numbers 1to 4 an the underside of the cast
irom disc and on the hidden side of the
base plate. Use small punches and put the
numbers where they wont be cut away
Thay will identify the quadrants when they
are separoted and match them up. If you
haven't any number punches, use the
appropriate number of centre punch dots
in each position,

To mark the screw and dowel positions,
put a centre punch mark in the centre of the
plug used to ling up the parts. The sasiest
way is to use the bolt which clamped them

a6

to tha angle plate or whatéver was used to
mark the centre lines. It only needs & small
centre pop, big enough to take the point of
a pair of dividars.

Mark the two pitch circles by setting the
dividers first to 28.5mm for the 57mm PCD
, then to 36mm for the 70mm PCD. For the
hola positions, leave the dividers sat ot the
radius for the circle and with the point on
the intersection of the pitch circle with ona
of the horizontal or vartical centre linas,
maka an arc to eut the piteh circle on each
siche. This will mark the first pair of hole
positions. It must be repeated four times in
total, from each intersection. Do the same
for the other pitch circle and centre all the
positions with a centra punch mark, All the
holes can now be drilled, reamed or
tapped, whatover is specified.

The drilling, reaming and tapping are
straightforward. Should some sharp eyed
reader look at some of the photographs
and think that the dowel holes look 5 bit
big for 3mm., they are quite right. When |
looked for the dowel material; | normally
use Hain, or 3mm silver steal, | had run out,
s0 | had to improvise. The only possibility
was some pins of a non-standard size, so0 |
had to make a guick D bit to ream the
holes. Whatever size the dowels are, make
sure that they are a tight fit in the basa
plate and a sliding one in the quadrants, in

17: Filing the step in one of the quadrants.

case they have 1o be lifted off, | used M4
cap head screws and a “ein. dia. sfot dnll
for the counterbonng,

With all the holes done, everything was
de-burred, and checks made that all fitted
and the numbers lined up. It was
disassembled. The real business comes
next,

The quadrants

These are sawn to rough size and
finished by filing. | could have made a
fixture and milled them, but the Urimat
would have made noises, the halt would
have slippad and the miniature dragon
which lives in the switch housing would
have spat fire at me, so | filed them,

There ware one or two problams, My
vice will only open to 70mm or so and the
diameter 10 be worked on was 90mm, | did
what I've done before and clampod a bar of
mild steel 1 x %ain., in the vice and clamped
the wark to that, Photograph 9 shows the
mathod n usé for hack sawing the disc
along the marked lines. The main problemn,
in common with a lot of handwork, is
keeping it accurate; the photograph shows
ans way of doing the sawing with
reasonable accuracy. The disc is clamped
10 the bar with a large toolmakers clamp
and a piece of 10mm, square mild steel is
clamped to the disc, in line with, or
allowing a bit from, the marked line, it acts

Maodel Engineers’ Workshop



is a fence 1o cul against and if the saw
blade is kept firmly against the fence, it
can't help but cut down the right line, The
reason for allowing a bit extra is o that the
facae can be cleaned up afterwards; even
the best directed hacksaw won't leave a
brilliant finish. | was glad of the exertion of
filing and sawing because in the Spring,
when | rmade the facaplate, the small spare
raom which I'm lucky to work in, is used as
a cold greenhouse. The radiator is turned
off and tomato, sweet com, marrow and
cucumber plants have priority. So | have to
co-axist with them and the exercise was
welcomae in what has been, up till now, an
awfully cold Spring.

Once the quadrants had bean sawn out,
| used vanations of the same method for
sawing and filing the steps. Reference to
Fig. 3. gives the step dimensions, 3mm
deep and 4mm in fram the edge. it can all
be filed, if you are a masochist, but is
sasior to saw most of the metal away.
Photograph 10 is of the sawing, the blade
is against a 6mm square bar, clamped with
the two small clamps. The depth is left a bit
shallow to avoid sawing too deep.

To finish the steps, a piece of 6mm steel
plate was clamped to the bar and the
finished edge of the quadrant butted up to
it, This made the vertical datum, The
horizontal one was the piece of 6mm
square again. Photograph 11 shows a 4in
hand file cutting mway at the adge. When it

15 almost there, the file is used vertically
with the sate adge to the Bmm plate. Watch
two things; firstly, that the safe edge of the
file is really safe, if not give it a touch with
a stone to take the burrs off; secondly, do
not be tempted 1o use hardened steel for
the fences; not if you have any respect for
the files or saw blades. Ramamber to put
the fenca material in a separate place when
It has done the job; it will no longer be
accurate enough to used as stock size. The
finished quadrants should have nice clean
square edges, because filing against a
fence will produce good results even if the
filer's skills are moderate.

Assembly and final machining

‘When all the quadrants ware checked
and de-burrad, the face plate was
asgembled, screwed to the lathe spindle
and the lathe turned on 10 make sure that
everything was running freely. The last two
jobis wara to chamfer the outside diamater
and maching tha satting or guide rings in
the face at bmm intervals. If the lathe
doesn't jump about and the belt slip, fine; i
thare are any problems, taka the balt off
and rotate thae chuck by hand |, feeding the
tool in little by little, Photograph 12 shows
it being done, | did mine at an earlier stage
but it is better 1o do it last in case thers is
any final gkimming or adjustmaeants for
added accuracy.

14; The type of job for which the faceplate will found very useful,

Notw that there is lots of room to secure the workpiece using clamps.
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12
Machining
sotting rings
in the face of
the faceplate.

13: Using the
finished
faceplate to
bore out an
awkwardly
shaped job. It
would
narmally
have to be
saddle-bored,

Special tee nuts.

The tee nut shown in Fig.4. can be used
in the Unimat eross slide as wall as the
face plate. | prefer tee nuts to tee bolts
because they are easier toa make and more
adaptable, you can use a bolt of any
length in tham and it avoeids the hunting
far the right length of bolt, which lakes up
80 much time. If, however you must use
boits, | have designed it so that tha slots
will take an Bmm ar Ywin. bolt, the
dimension across the flats will fit and all
the bolts would need would be the head
faced ta 3.5mm thick.

Photograph 13 is the sort of job it is
wseful for, but photograph 14 is the nitty
qritty, this is the sort of work it will get
most use, as a drilling table. It gives me a
large surface and lots of room 1o get a
clamp on, or the option of using bolts and
strap clamps. The only awkward bits to
make weare the quadrants, but even those
are not too difficult with a bit of help from
suitable fences, Photograph 15 shows the
complete faceplate.

The making didn't take too lang and the
materials were mostly adds and ends. Both
the materials and the dimensions are
flexible and don't have to be strictly
followad. I'm glad | made it and |
racommand it ag 8 usaful plece of
equipment for the Unimat or similar g
small lathe. |g

15; The completed faceplate..
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1: The author with a 350 mm dia. marine
propeller made from grade 347 stainless
steel,

out a patent covering a new cutlery stasl

which contained (no more than) 0.7%
Carbon and between 9% and 16%
chromium. The name of this mataenal was
stainless steel. Nowadays the term
stainless stesl is applied loosoly to any of
the corrosion free steels (and valve steels)
which contain above 10.5% chramium.
Gradually stainless steel was used for
other applications in the engineering
Industry and, by about 1930, was in
general use throughouwt the UK, Europe,
and tha USA,

The early stainless staels were named by
the percentage of the major alloying
elements (other than iron), for example,
one of the most frequently used of thass
aarly alloys was designatad 18/8 (still a
farniliar term today), which told potential
users that it contained approximately 18%
chromium and 8% nickal. As differant
grades of stainless steel were introduced
over the years, different systems of
identifying these grades were also
introduced, and make no mistake about it,
there are many grades available to the
industrial user. Things have come a long

I n 1916 a metallurgist named Brearly took

3: ‘Child’s Play” - although considered
inauthentie, 5 year old James Holroyd is
pleased with the stainless steel strakes for
hiz Jin. scale traction eéngine.

. B2

Alan Jeeves shares his knowledge on the subject of stainless
steels and the problems associated with-machining and working
with them in the home workshep environment '

2: A seloction of stainless materials on offer at a steam rally.

way since the early days when this material
was very expensive, not only in terms of
cost to buy it in the first place, but also
because of the fact that it was extremaly
difficult to machine or work with, At least
aone of these drawbacks has baen overcome
i that many of the stainless grades today
are, due to the addition of certain elements,
easy 1o machine and although by the
standards of the home workshop owner,
they may ssem very expensive, they are
relatively cheap compared with pre-world
war Il costs. | will stick my neck out and say
that at mode! engineers’ supply outlets, the
popular sizes of round bar stock in good
free machining grades are priced roughly
the same as the same sizes in silver steal,
Ractangles, hexagon, and special sechional
stock can be a little more expensive,
howevar, stainless steel is becoming more
and more readily available on the surplus
markel and bargains can now be had by
those who keep their eyes open, Also,
many small machine shops are now using
It and people who work in such shops may
be able to purchase offcuts on your bahalf,
which will most likely come with
identification numbers 1o give a clue as 1o
what grade it i5. Another useful source for
rectangles and flats aro local fabrication
shops who may be able to supply strips
which have been cropped off large sheets
or plates, Thicknesses up to 20mm are not
uncomman, which are large pieces in terms
af model engineering. A further practical
source of bar material is in tha form of
gtainless steal bolts, which are usually froe
cutting. These are now becoming very

common in scrap yards, No opportunity
should be passed up to acquire stocks of
this most usaful of metals, if it is offered
cheaaply.

What are stainless steels?

In order to make the moest of obtaining
ang using stainless steel, it is always an
advantage to know more about it. All
stainless steels are alloys of iron and
chromium, Some are alloys of iron,
chromium and algo nickel, while some
other grades are alloys of iron, chromium,
nickel and manganese. In addition to the
above metallic elemants, small amounts of
other e#lemeants (not necessarily metallic)
are introduced to produce specific
mechanical properties. As has already
been stated, chromium is present in all
stainless steels but the amounts vary
cansiderably, the minimum amount being
10.5% while same types have been known
to contain as much as 30%, The modern
design engineer has therefore, a great
choice of materials at his disposal. The
significance of chromium is that it has a
high affinity for oxygen. It forms a stable
oxide film, called the "passive film', and
this film will resist any further physical or
chemical change (to a greater or lesser
degree depending an the grade of
matanall, In other words it resists
corrosion, But what is 50 exceptional about
this passive film is that, in ordinary
aimosphaeric conditions, it is able to form
almost instantanaously. In addition to that,
if the film is broken or scratched it rebuilds

Maodel Engineears’ Workshop



& mixer. This is lined with Teflon.

7: An unusual opaeration - profile shaping a vessel outlet pad to fit a
1180 mm dia. tank. (590mm R as stated on the guard).

isell straight away. The ability to do this is
genarallty termed "self healing' oftan
likening it to human skin. Whan a cut is
taken, say on the lathe, the new surface
produced by the removal of the old one
will remain virtually the same indefinitaly
without further corroding or tarnishing
because it is protacted by the passive film,
Chromium, then, iz the most Important
single factor in the production of stainless
steel.

Austenitic steels

Stainless steels are divided into twa
classes, ‘austenitic’ and ferritic’, and the
ferrritic group is further sub-divided into two
mone groups which are known as
‘martensitic’ and 'lerritic’. About 70% of all
stainless steels produced are auvstenitic,
They are exceptionally corrosion resistant
and ewasy 1o work, They contain batwean
16% and 28% of chromium according to tha
grade and also contain between about 3.5%
and 23% nickel, (some special grades havo
been known to contain os much as 37%
nickel), Nickel is responsible for forming
austenite as we shall see when we look at
nickel in mare detail. When the chromium
content is, or exceeds, 25% austenitic
grades are able to resist temparatures of up
1o 1039 deg. C, (2000 cleg, F .} without the
disadvantage of becoming brittle, The
property of the ability to become brittle at
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6: A complex stainless steel fabrication - & split bearing for the shaft of

elevated temperatures is known as ‘hot
shariness’, They do work harden but cannot
be hardanad by heat treatment. They are
widely used in the manufacture of process
plant - espacially in the food and
pharmaceutical industries, surgical
instruments, eutlery, and architectural and
ornamental tums (sinks and sanitary ware)
They are by far the best group 1o choose if
welding is to be encountered as the low
carbon content in the matenal snhances
their "weldability’. As we shall see iater,
soma of the grades are suffixed by the
latter ‘L’ which indicates to the user that
they have an even lower carbon content
than is normally present in that grade. Most
auslenitic grades are also classed as non-
magnatic. The majority of stainless steels
encountered by the home workshop owner
will be of the austenitic variety

Ferritic and Martensitic steels

The second group of stainless steels are
known as farritic. This group is then further
divided into two secondary groups, one
called "ferritic” and the other called
‘martensitic’. This sounds like a
contradiction in termes as martensitic stesl
is alzo farritic, but read on regardless. Once
you have sub-divided them, the austenitic
group being disregardad altogathar, the
major difference batween the two sub
groups is that ferritic steels cannot be

hardened by heat treatment while
martensitic steels can. This is because of
the high carbon content (between 0.08%
and 2%) prasent in mantensitic steels. A
good example of the application of
martensitic stalnless steal is where a
bearing needs 10 be used in conditions
which are vulnerabla to corrosion, say on
an oil rig in the North Sea. It is quite
possible 10 produce a baaring journal
which is hardened and also “stainless’. The
martensitic steals, though, are not as
corrosion resistant as other classes
because of the lower chromium content
(usually betwean 129% and 15%), farritic
grades being higher at between 17% and
27%. Both mantensitic and ferritic grades
are classed as magnetic. Ferritic grades do
not contain nickal,

Identification of grades

As you now may already have gathered
the term stainless steel covers a wide range
of materials which differ considerably
within the corrasion resistant classification
Maost of the grades will not be appropriate
ini tha average home workshop, but it is
useful 1o know something about them and
how they are named. For example, it is
often said that a metal cannot be stainless
stael if it Is magnetic. This is not 50 - as we
have already seen. Try & magnet test on a
modern stainless steal kitchan sink top, The
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8: Screwcutting in the lathe ,using a suitable threading
compound.

Bowl may not be magnetic but the drainer
probubly is. The bowl is likely to have water
laft in it for long perioda while the draner s
never submerged, water just runs off it The
bowl, therefare, 1s made from a more
corroskon resistant (and accordingly more
expensive) material, the joint betwaen the
two is simply welded.

Most of us are familiar with “engineering
numbars’- steels which are termed 'EN*
fallowed by a number. This system of
designation originated in 1941 in the form
of BS. 970. It was further revised in 1955
but in 1972 was replaced by a new system
of numbers which makes identification
simpler. B.5.970/1972 by no means covers
@very type of steel produced in bar form
[silver steal, for instanca, is found in
B.5.1407) but it will probably cover all the
stainless steels used in the home
workshop. Briefly B.S, 9701972 works ke
this:

Six characters are used to describe the
steel. The first three are from 000 to 599
and give a broad description of the steel.
Numbars 000 to 199 are all plain carbon
steals which contain some manganesa.
The final two digits of this first three denote
the manganese contaent as a parcantage
after s decimal point. (e.g.. B.S. 080M30
contains 0.80% manganeso). Numbers 200
to 240 are simply fres culting types of plain
carbon steels which contain some
manganese and some sulphur, The final
two digits of the first three denote the
sulphur content. (e.g. 220M 07 containg
0.20% sulphur), The above materials do not
concern us here, However, numbers 300 10
499 are all classed as stainless steels or
valve steels, and it is these types which wa
will be looking at.

Some people include many of the stecls
found between numbers 500 and 999 ay
stainless but, because their chromum
content is below 10.5%, they are more
properly classed as alloy steels other than
stainless. i.0. B.S. 501 has a chromium
content of between 4 and 6%, much lower
than our border -line of 10.5%.

Aftar the first three numbers, a letter is
usually found, This letter indicates the type
of specification of the steel, Four different
letters may be found to identify the type of
spacification, "M’ will indicate steels
supplied to specific ‘mechanical
properties’, "H" will indicate stael wiich will
adhere 10 o spaecific "hardenabilty’, while ‘A’
is used for steel with a specific ‘chamical
analysis’. The letter 'S’ may also be
encountered and indicates the steal is
stainless steel or valve stesl, valva steal
being a term used for the high percentage
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chromium alloys used
for engine valves which
will resist high
temperatures. These are
usually included within
the broad term stainlpss
sloels

The final two numbers
in the six character code
identify the carbon
content of the steel. If a
decimal paint is written
on a piece of paper and
these two numbers
written oftar it, the
carbon content will be
revealed, e.g. The
popular plain carbon
steel BS. 080M40
contains 0.40% carbon,
and its free cutting equivalent BS. 212M44
containg 0.44% carbon. The highest
number to be found hore will be 99 as
B.5.970 does not cover high carbon tool
steels with a carbon content in excess of
1%, 99 signifying 0,99% carbon content. (as
wa have already seen with silver staal -
usually containing 1.1% or 1.2% carbon).
Getting back to stainless steels, these last
two numbers have only relative application
or significance here and are not absoluts.
For industrial purposes a separate test
centificate will be issued by the supplier
gnving full metallurgical details of the
material, it is normal for stainless steels to
be generally described in the home
workshop by the first three characters. We
usually ask a supplier for a piece of 318 or
303 or 321 etc. Some suppliers still even
use the old ‘EN’ designations and
catalogue their stock as, say EN B8M, free
culting, ar EN 58J molybdenum bound.
This can cause a little confusion so some
comparisons between ‘BS' numbers and
'EN’ gradas are included in Table 1. These
are not direct equivalents, as none exist,
but are the nearest altermative grades
between the two systems. From here on all
references to stainless steal grades will be
by using the easier and more correct
systemn of B.S. 970/1972 {stainless & heat
resisting steels in the form of blooms,
billets, bars and forgings) and by using the
first three characters of the six character
code (hetwaen 300 and 499}, and its
variants. (Plate and sheot may be found in
B.S.1449 & B.5.1501),

Table 1
Sorme examples of comparisons between
0.5, designations and Engneering Numbers

BS. 303 § 41 EN 58A or EN 58M
BS 304 § 15 EN S8E

BS. 310 5 10 EN B6&J

BS 31 § 12 EN 588

BS. 410 S EN 58A

85 416 5 @ EN 56

It should be noted that there are no direct
Oquivalents

{found in many ores but particularly
‘haamatite’) with a melting point of 1636
deg. C., and Is easily the most abundant of
all the elements extracted from the earth.
In the manufacture of stainless steel the
ron is introduced into the furnace in the
form of plain carbon stee! or mild steal
scrap. It is what is added to the iron which
gives it its individual characteristic.

Carbon is a non-matallic element which
Is always present in stainless steel, it is just
the amount which varies, between 0.03%
and 2%. Wa know that Chromium is always
added to stainless steel. Itis a metallic
alement but has a much higher melting
point than iron, 1830 deg. C. It is obtained
from a double oxide ore of chromium and
iron called ‘chromite” or ‘chrome iron ore’.
It is added to increase the resistance to
oxidisation. It follows that the more
chromium is added to the steel, the more
the resistance to corrosion increases.

The next most important metallic
element which is added is Nickal. It is
obtained mainly from the ores ‘pentiandite’
and * niccolite’, It is greyish-white in colour
and has a melting point of 1450 deg. C.,
which is lower than both iron and
chromium, The addition of nickel to the
steel has a tendency to form ‘austenite’ (a
solid solution of iron and carbon, named
after Sir William C. Roberts-Austen, 1843
1802, tha metallurgist who first identified
it). Austenite is responsible for the high
strangth and toughness fat both low and
high wemperatures) of these much used
austenitic stainless stesls,

Manganese i another important
metallic element which is included. ltis a
brrilllant white with a red hue about it and s
very hard and brittle, Manganese is usually
found in oreg such as ‘pyrolusite’ and
‘rhodonite’ and has a very complicated
crystal structure. It melts: at a relatively low
temperature, 1245 deg. C. and stainless
stoels contain between 0.6% and 10%, 2%
being quite common in austenitic types
and 1% commaon in martensitic and farritic
types. The reason manganese is added Is
to improve the hot working properties and
alsa it increases the strength and
toughness. As well as nickel, manganese s
an austenite forming element and, In
cerlain grades, has been used as a
substitute for nickel. However, by and
large, both elements are present in most
stainless steels.

Molybdenum, is not usually present in

Alloying elements

Apart from iron, chromium, nickel, and
manganese, the different grades of
stainless steel contain other diffarant
alloying elements, selected for inclusion
after consideration of the use to which the
material is to be put. A useful table of
chemical symbaols is included (Table 2), The
basa metal in all steels, stainless or not, is
iron, lron 15 a silvery white metallic element

Table 2

Chamical symbols for alloying elements
Symbol  Elemeant Metallic?
c Corbon ne
Mn Manganese ves

Cr Cheamium ves

]l Nickel Vs
Me Malyhdenum Vs

Ti Thanium yea

P Phosphorus no

s Sulphur no

So Salenium no

NGO MNiotium yes

M Nitrogen no

Si Silicon no

Co Cobaht yos

Ta Tantalum yes
Cu Coppur yas
Fe Iran yos

Zr Ziconium yus

Al Aluminium yes
N.B, Niobium is sometimes known as
Columbium (Cb)

Model Engineers’ Workshop



any quantity in ferritic and martensitic
steels, is found in the ore ‘molybdenita’. It
is added to improve the austenitic grades’
registance to the ‘pitting’ type of corrosion
which Is caused, in particular, by chlorides
and sulphur chemicals. Amounts vary
batween 0.4% and 4%, the latter being
prasent in the vaery high quality grades of
stainlass steal used in the manufacture of
all types of process plant.

Titanium is a matallic alamant with a
malting point of 1675 deg, C, and found in
the ores “rustile’ and ‘limenite’, It is used in
the production of some grades of austenitic
stainless steel in the proponions of 0.8% or
0.9%. Sometimes it is added in the
proportion of five times the carbon content.
The main reason for the inclusion of
titanium is for ‘carbide stabilisation’, In
chromiume-nickel steels a chemical reaction
somatimes takes place, especially during
welding, where the chromium near the
perimeters of the graing actually flow to the
perimetar, and there it combines with
carbon forming ‘chromium carblides’ (see
Fig. 1.). This reduces the amounts of
chromium in the alloy around the edges of
the grains and renders that area vulnerable
to ‘intergranular corrosion’ whan exposed
to some chemicals or gasses.(The
chemicals or gases attack the metal
between the chromium grains where
chromium carbides have formed). This
chemical reaction is called ‘carbide
precipitation’, and materials wheara it has
taken place are refarred 1o a5 ‘sensitised’.
The introduction of titanium in direct
proportion to the carbon content has the
effect of causing the same chemical
reaction axcept it forms ‘titanium carbides’
ingtead becausa of the fact that the carbon
prefers to combine with titanium instead of
chromium, This than, reduces the effect of
intergranular corrosion and makes ttanium
alloyed grades exceptionally good when a
large amount of welding is anticipated.
These grades are often referred to as
‘stabilised stainless steals’,

The metallic element Niobium (or
Columbium) is used in much the same way
as titanium but it also strengthens the alloy
for use in high temperatures,

Another metallic element, Tamtalum, is
used in the same way as niobium,

Other minor alloying metallic elamants
are Aluminium, Zirconium and also
Copper, which is used in a few grades of
stainless steels to encourage ‘precipitation
hardening’ properties (to be dealt with
later). Cobalt is present in the nickel alloys
because it is a residual product of the
nickel which iz usad (this can cause
problems when the material is 1o be used
in connection with any nuclear service as
cobalt becomes radioactive when exposed
to radiation), In addition to carbon, a few
other non-metallic elements are added to
some stainless steels. Phosphorus,
sulphur, and selenium are used 1o enhance

the free cutting
machinability of
a conain grade
(these grades
are sometimes
suffixed 'F* or
'Se’), however,
the inclusion of
phosphorus can
promaote
eracking during
walding, Silicon
is used as a de-
oxidising agent
in the melting
process when
making steel
and because of
this, most steels
contain a small
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amaount of it. - N LR R
I}WJ“”““:" 9: A stainless product should always be protected after polishing. This
gen g one is coverad with PVC tape.

as an alloying
agent is also
undertaken on a few austenitic steels.
About 0.25% added to the alloy greatly
improves the yield strangth of that grade,
Nitrogen also forms austenite in the same
way as we have sean for nickel and
manganese. When designing pressure
vessels for use under certain conditions,
for instance if the weight of the vessel has
to be kept to a minimum, it is permissible
to construct it using thinner plate if it is a
nitrogen bearing grade. The reason for this
is that, in addition to the yiald strength, the
tensile strength is also Increased, and the
calculations for the plate thickness are
influenced accordingly. These grades are
rarely sean and are suffixed by the latter
‘N’ (e.g.. 316N),

Precipitation hardening steels

Some nickel-chromium stainless steels
can be annealad at high temperatures, a
process which in effect suspands alloying
elements which cause the material to be
hard and strong. The material is then
supplied to the user and can be casily
worked as it remains quite soft at
atmospheric temparatures, When the
product has bean manufactured out of the
material (either machined or fabricatad), it
is a relatively simple process to re-harden
the material at surprisingly low
tempaeratures {up to 600 deg. C.), This
releases the suspended alloying elemants
and restores the hardness and strength to
the steel. Thase steals may be described as
‘semui-austenitic’ or 'martensitic’. They are
also described as 'precipitation hardening'
or 'PH’ steels as the term ‘precipitate’
describes the process in which the alloying
elamants are suspended (small amounts of
copper added to the alloy promote
precipitation). These steels ara not covered
by B.S. 970, but are worth mentioning as
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we are destinad 1o gee a lot more of them,

Some of the grades in common
use and their applications

In B.S.970/1972, the austenitic grades of
stainless steel fall between 300 and 399,
Those are the most likely to find their way
into the home workshop. A good selection
of these grades will be found to be
extremely useful. In the making of modaels,
stainless serews, dome nuts, thumbscraws,
and countless other components. They will
look suparb when highly polished. Shop
tools, tao, can be enhanced by this
marvellous material. Imagine, no morm
rust,

The most abundant grades to be had in
the form of offeuts and small quantities on
offer by model enginears suppliers will all
be suitable for ornamental purposes.
Unless you are doing a special purpose job
for zamaeone, maybe a serew which has to
be exposed to acids (in which case a
molybdenum bound grade would be used),
your choice is very wide,

Reference may be made to Table 2
(chemical symbols of elements) in
conjunction with the following notes on
grades which may be taken to be in their
annealed state. There are many others but
these are the most commaon.

Austenitic grades

All austenitic steals are annealed in the
1000-1100 deg. €. ranga. Aftar heating thay
are cooled vary quickly (plungs in water) to
anneal

302 contains up 10: 0.15% C, 19% Cr,
1096 Ni, 0.03% S, 2% Mn, 0.045% P, and 1%
Si. This iz one of the basic grades of
stainless steels (one of the old 18/8). Most
other grades have been developed from
this one. It ean be brazed, soft and haord
soldared, has good forging properties,
average machinability, and excellent
weldability, It also takes a good polish.

303 contains up to: 0.18% C, 19% Cr,
10% N, 0.356% Se, 0.06% S, 2% Mn, 0,06%
P,1% Si, and can also contain up to 0.6%
Zr. Molybdenum is optional in this grade,
but whan included the maximum is 1%.
303 is similar to 302 but does not cold
forge very well, It machines very well but is
not suitable for spinning and s quile poor
to weld bacausa of the high carbon
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10: Throw away tip' lathe tools and 50 mm dia. milling cutter. Go for grade 235 for
stainless fall the tips seen hare would cost the best part of £100 today)

content. It IIS somewhatl easier 10 SAw.

304 contains up to: 0.08% C, 20% Cr,
12% Ni, 0.03% S, 2% Mn, 0,045% P, and 1%
Si. 304 is similar 1o 302 but the lower
carbon content means it welds better (less
intar-granular carrasion),

305 contains up to: 0.12% C, 19% Cr,
13% Ni, 0.03% S, 2% Mn, 0.45% P, and 1%
Si. 305 is similar 1o 302. It is an excellent
spinning grade as it does not work harden
as readily as other grades.

316 contains up to: 0.08% C, 18.5% Cr,
14.5% Ni, 3% Mo, 0.045% P, 0.03% S, 2%
Mn, and 1% Si. 316 is similar to 302 but,
because of its molybdenum content resists
maost acids to a large extent

317 contains up to: 0.08% C, ZO% Cr,
15% Ni, 4% Mo, 0.046% P, 0.03% S, 2% Mn.
and 1% Si. 317 is similar to 316 bul
contalns a higher proportion of
molybdenum,

321 contains up to: 0.08% C, 19% Cr,
12% Ni, 0.8% Ti (usually 5 x C), 0.03% S, 2%
Mn, 0.045% P, and 1% Si. 321 is similar 1o
302 but does not polish to a bright or
mirrar finish as well as other grades. It is a
first class material for welding as the
titanium content drastically reduces
intergranular corrosion.

347 comtains up to: 0.08% C, 19% Cr,
13% Ni, 1% Nb or Talusually 10 x CJ,
0.03% S, 2% Mn, 0.045% P and 1% Si,

347 is similar to 302 but is highly suitable
for high temperature work, due to the
niobium (or columbium) and tantalum
content,

Ferritic grades

Ferritic steels are annealed within the
700-820 deg.C range.

405 containg up 1o: 0.08% C, 14.5% Cr,
1% Mn, 1% Si, 0,04% P, 0.03% S and 0.3%
Al, This grade is magnetic.

430 contains up to: 0.12% C, 18% Cr, 1%
Mn, 1% Si, 0.04% P and 0.03% S. This
grade is mainly used in its sheet form. It is
magnetic and reasonably good for
spinning.

446 containg up to: 0,2% C, 27% Cr, 1.5%
Mn. 196 Si, 0.04% P. 0.03% Cr and 0.25% N
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This is a magnatic grada and is nitrogen
bound to increase the yvield and tensile
strengths,

Martensitic grades (all hardenable
and magnetic)

403 Contains up to: 0.15% C, 13% Cr, 1%
Mn, 0.5% 5i, 0.04% P and 0.03% S Heat

treat in the 700-780 deg.C range, cool in air.

410 contains up to 0.15% C, 13.5% Cr,
195 Min., 19 Si, 0.04% P and 0.035% S Heat
treal in the 950-1020 deg.C range, cool in
air

416 conains up to: 0.15% C, 14% Cr,
1.25% Mn, 1% Si, 0.06% P, 0.15% S and
sometimes up to 0.6% zirconium or
molybdenum. Heat treat in the 950- 1020
deg.C. range, plunge in oil or cool in air.

431 containg up to: 0.2% C, 17% Cr, 2.5%
Ni. 1% Mn, 1% Si. 0.04% P and 0.03% S.
Heat treat in the 950-1020 deg.C range,
plunge in oil or cool in air.

4408 contains up to: 0.75% C, 18% Cr,
1% Mn, 1% Si, 0.04% P 0,03% S, and 0.75%
Mao.

440B contains up 1o: 0.95% C, 18% Cr,
1% Mn, 1% Si, 0.04% P, 0.03% S and 0,75%
Mo.

440C contains 1.2% C, 18% Cr, 1.25%
Mn, 1% Si, 0.06% P, at least 0.15% S, and
up to 0.75% Zr or Mao.

The 440 grades can be hardaned to a
very high degree - the higher the carbon
content the higher the hardness. 440C s
complotely suitable for bearing typa
opplication (80 Rockwell C),

Working with stainless steel

| have often heard it said how difficult it
15 to machine stainless steel, especially in
the home workshop; it is accurate to say
that some grades are extremely difficult to
copa with. But by and large, the austenitic
grades readily avallable to home users can
be machined on modellers machinery
without too much trouble.

In order to machine siainless steal,
however, certain rules have to be
observed. The main problems with this
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material are work hardening during
machining and the immense amount of
heat which Is generated by friction due to
the hard chromium-nickel contant. Speeds
und feeds have 1o be reduced. Both these
prablems are inter-related as when the
material work hardens, more heat is
generated and as more heat is genarated
the more the matanal work hardans, Work
hardening has to be reduced in order to be
successful, Lathe work is probably the
easiest way of machining stainless , but
gh carbon or silver stasl turning tools are
really out of the question, The heat
produced will @asily draw the temper of the
cutting edge and render the tool useless
unlass it is re-haat treated,

Tungsten carbide tools are now widely
available 1o small users, both in the form of
the brazed on tip and the throw away lip
typas. Thesa will perform quite
satisfactonly on stainless steel but there (s
no reason why high speed steel should not
be used. Most of the smaller lathes found
in the home workshop will not cope with
heavy cuts in any case, so depth of cuts
will not have 1o be reduced much. Speeds
and feeds can be dropped back 10 around
two thirds of those used for comparable
size mild steel as a rough guide. If a full
fiood of soluble oil as coolant is available,
then cutting should not be a problem. Even
if coalant is not available as a full flood, i
can be brushed on from time to time to
ease the situation. Good results can even
be abtained with no coolant at all if you
daon’t intend ta remowve a lot of stock. Tools
will have to be regularly sharpenad as they
must be cutting all the time and not be
allowed to rub. This is when work
hardening will eccur, It i vary disapp-
ointing to have to take out of the chuck and
anneal a piece of work hall way through its
production, Getting the tool geometry
corecl also reduces rubbing of the cutting
edga and the following relief and rake
angles used in conjunction with fig. 2. may
be useful if difficulties are encountered
grinding high speed steeal tools:-

Side reliefs - Gdeq., Side rake 4 - 10deq.,
Side cutting edge 5 - 15deq.. End relief7 -
10deq., End culling edge 4 - 10deg.

Anothar problem with tuming stainless
occurs after the metal being cut has left the
parent stock. Depths of cut, speeds, and
feed will not be sufficiently high to got a
‘chip breaking effect. Swarf tends to be
long and stringy and comaes off hot and
sharp so that extreme caution should be
exercised during handling. It should be
removed from the area of the lathe and
transforrad 1o someawhere safe st regular
imtervals,

One danger spot for waork hardening is
when using a tailstock centre. If a solid

Madel Engineers’ Waorkshop



eantre i usad to support a piece of bar, it is
likely to work harden because of the
friction between centre and work. The best
solution hera is to use a ravolving centra.
As is becoming apparent, whenever
friction is present it promotes work
hardening. If screwcutting is 1o be carried
out in tha lathe, the mathod should ba
adopted where the tool only cuts on the
leading edae. For every cut taken with the
cross slide feed, the tool is advanced a
couple of thou with the compound slide as
well, This a1 least takes some of the burden
of friction off the tool.

Milling stainless steels

Milling can present a different
proposition. In the lathe we use a single
point cutting tool, whaen it loses its adge we
re-sharpen it. Milling cutters, on the othar
hand, have to be re-sharpened on a cutter
grinder of some description or, if no such
machine is available, replaced.
Replacamant |s vary expansiva as the
cutters will soon lose their edge when put
up against stainless, and if they star to rub
instead of cut, work hardening can occur.
Whan ever possible a single point milling
cutter should be used for economic if no
other reasons. This may take the form of a
small fly cutter with a HSS bit which can be
eas|ly re-sharpenad by hand whenever the
edge stans to show signs of dulling,
Carbon ool steel is not really suitable for
this type of work. Another option for
machining a flat plane surface is to use a
shaping machine instead of a milling
machine. The cutting tool then becomes
exactly the same as in the lathe. Anyone
who has a shaper in their workshop should
seriously consider using it for harder
materials, anyone who hasn't a shaper but
has roam for one might consider ablaining
ane as they can be had quite cheaply
these days.

Drilling

The drilling of stainless steel is a
reasonably common dccurrence in the
home workshop, A good formula which |
use for basing my high speed steel drill

speeds on is:
8890 (mm]) or 350 {Imp)
nd nd

whare d = diamater of drill.

A plentiful supply of cutting compaund
brushed onto the cutting edge of the drill.
and holes can be produced with ease.
Normally the drilling process doas not last
a5 long as turning or milling and it follows
that not as much heat is generated.
However, a couple of guick caleulations
using the above formula and it saon
becomes clear that with the cheap 5-speed
bench drilling machines in abundance on
the markat these days, the fargest hole that
may be drillad is going to be about 8.5 mm
{the slow speed on these drills is usually
around 400/500 rpm), In addition 1o this,
the output of the motor is usually in the
region of 190 watts (Yshp) and 6.5 mm will
be about its limit in stainless anyway,
otherwise the motor may stall. It is possible
to get over this problam when drilling mild
steal by first drilling a pilot hole and then
opening it out with a drill of the required
size, but when drilling stainless it is not a
good idaa to drill pilot holes. If they must
be used, the diamater should never excesed
that of the web thickness of tha drill. Twist
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drills are designed to cut on the full width
of tha lip length and any attampt to reduce
the amount of work the cutting edge has 1o
do (by drilling pilot holes) can very easily
encourage the possibility of wark
hardening. If a larger diameter hole is
called for, it is better to drill it in the vertical
miller if one is at hand, or sot up in the
|athe, where slower speads can be
obtained. When drilling the hole, it is very
important that the drill is being fed into the
waork at all times. If you relax the pressura
on the feed handle, even for a moment, the
drill may start to rub and work harden
around the locality of the hole. This is most
likaly 10 happean as the drill is breaking
through the work piace. As the drill point
exits the back of the work there is a
tendency to ease off the feed pressure, This
is why the work should be firmly clamped
to the work table, in order to maintain a
constant feed during the complata drilling
of the hole. After all, if the drilling machine
was equipped with automatic feed it would
not ease off as the drill broke through. A
rigid set-up is vital in all machining
operations relating to the working of
stainless steal.

Should work hardening occur during
the drilling of a hole, and cutting be
unsound or the drill overheats, drilling
should cease immediately. The drill and
work should be allowed to cool; the drill
c¢an then be re-sharpened at a slightly
steeper angle so that when drilling is
resumed, the hardened material is
gradually eased away without 1oo much
heat being produced (Fig. 3., | know this s
contrary 1o what has already been said
about cutting on the full lip length, but the
circumstances are exceptional here and
the drill soon returns to par for the coarse
cutting. This method does work. Fig. 3.
should make this vary suecessful trick of
the trade clear. Anather of the work
hardening predicaments (especially when
using the smaller sizes of drills) occurs
when the punch dot, 1o start the drill off, is
indented. It compresses the material and
hardens the area locally around the
indentation. Whan the drill is fad into the
work it, at once, Ioses its edge and stars 10
rub, Punch dots should be kept as light as
possible and for the larger drill sizes a light
punch dot can be opened out with a small
drill to the depth of the point forming a
‘dimple’. Anothar way of keeping work
hardening to 8 minimum around the
punch dot is by the use of a centre punch
which has been ground in the form of &
three sided pyramid instead of conical. A
light indantation with this type of punch
very rarely hardens the area,

Grinding

The use of cylindrical and surface
grinding, as likely as not, won’t concern the
madel engineer at all but a few words are
included for those who wish to employ
thass methods whan machining stainless
steel. Heat dissipates very slowly with
stainless, much more sfowly than mild
stael ar high carbon steel, and overheating
can very aasily occur during grinding. The
surface of the metal turns a light brown
when gverheating happens {at circa 300
deg.Ch.

A secondary cause of excessive heat is
that the grinding wheel easily becomaes
‘loaded” with stainless steel particles and
then doas not cut at its optimum

GENTLY HERE FIRST,
HARD MATERIAL
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WORK HARDENED AREA
FIG 3 DRILLING A WORK HARDENED HOLE

CLEARANCE

capability. To forestall overheating of the
work, coolant should be used during
grinding and the wheel should be
frequantly ra-drassed to avoid ‘glazing’. If
a job involves grinding it is most likely that
accuracy is being sought. A point to watch
is that, by machining, internal stresses are
fairly magily sot up in this type of material
and the ‘breaking’ of the surface can
release these stresses and cause the metal
to mowe. This is especially so when
producing long slender lengths between
centres, A cut can be taken the full length
of the job and it is perfectly true. The job
can be examined later and it may be bemt
slightly due to the release of internal
stresses, This happens persistently. In
order 1o try 1o prevent this, the austenitic
and farritic materials should be
‘narmalised” by heating 1o over 1000 deg.C
and being allowed to cool slowly in the
atmosphere. This, of coarse, will harden
martensitic grades so grinding will have to
be resorted to in order to finish to size
anyway. Because many grades of stainless
steel are non-magnetic, it is not possible to
hold them on magnetic chucks.

Alternative methods have to be used

to grip them which adds to the
awkwardness of grinding this

material,

Forming threads

When il is necessary 1o lap stainless
stael, the taps must be kept sharp and
lubricated with sulphurised oil at all times.
When a tep starts to dull on the cutting
edges, it starts Lo ‘squeak” which implies
that it is rubbing. Work hardening is then
to be expected, Taper taps should never
be used to start the thread. On this type of
tap well nigh the first ten threads are all
cutting at once, and at different depths, by
the tima the first full thread is cutting. This
brings about far oo much friction for
stainless steel. It is much easier to start the
1apped hole off with a second cut tap
having only about five threads tapered.
Also if a lot of tapping is forecast, the rake
angle of the tap should be increased to
12deg. from the customary 7deg. which is
the tap makers’ normal standard angle.
This assumes that you have a Tool and
Cutter Grindar, or have access to one. For
general applications il is permissible to
decrease the percentage of thread down to
65% or 70% on stainless steal, which
makes tapping easier. External threads
should ba cut in one pass without having
to close up a split die and if possible it is
better to use a solid screwing die (not a die
nut), than the more normal split button
type die.
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Storage

Stainless steel is an easy material to.
hoard. It can be kept anywheare, indoors or
out, withaul the dread of it being ruined by
rust or corrosion, It is best stored away
from the danger of being comtaminated by
sparks if any work is being embarked upon
with an angle grinder. Each spark ie a tiny
particle of metal and can easily infuse itselt
Into the surface of stainless steel and cause
it to appear rusty when exposed to
maisture. If you have different grades of
material in stock it is worth stamping the
ends with the grade number or at least
colour coding them. Someana in future
may nead just such a piece of matenal and
may be prepared to swap it for something
you need, No harm Is done by marking up
materials. It is also worth keaping any
extracts from the relevant British
Standards. These can be useful for
reference. A list of related standards is
included for thase who are interested
(Table 3); librarses and technical institutes
are good sources of information on
standards. Also manufacturers’ and
suppliers’ catalogues contain much
enlightenment and are usually free or
available at very small cost,

All in all | hope that by providing a great.
er understanding of stainless steels, much
more use can be made of this maternial in
future in the home workshop and that its
use will amplify and augment the scope
and versatility of the hame craftsman.

Additional notes for mariners

Grades 304, 316, 321 and 347 ara all
espacially suited (o sea water applications.
All are deemed fully resistant to sea water,
having a theoretical corrosion rate
(submearged) of less than 0.009 mm
(0.00035in.) penelralion per month,

All four grades are non-magnetic and
have good hot and cold forging properties.
304 and 316 are very good for cold rolling
operations {threads elc.). 321 and 347
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machine marginally better than 304 and
216. They coan all be used for spinning
cowls etc. but another grade, 305, is the
bast stainless grade for spinning. if rivets
are to be made out of these materials they
will not be ideal to work with, Care has to
be taken not to split the metal whan
paining, Corrosion rasistance requirements
must outweigh workability whan
considering rivats.

These grades can all be hard and soft
solderad, and sawing them can be hard
going. Where welding Is to be used, they
are excellent for this method of jointing
though 321 and 347 are the best. Rigk of
intar-granular corrosion can occur at 1038
deg.C (1900 deg. Fl on 304 and 316. 316
expands slightly less par dagree rise in
temperature than does 321 and 347, 304
axpands slightly more than tha other three.
316 and 347 have a higher yleld strangth

11: A dish which has been spun from 6mm
stainless steel plate and is 80cm diameter.
The 25mm hole in the centre is used for
the spinning centre. It Is eventually closed
by means of a welded in plug.

and are, 1o 3 small extent, harder in their
annealed state than are 304 and 321,

it has become fashionable these days (o
abrasive blast stainless steal as a method of
enhancing its appearance. | must admit that
the "satin lustre’ 50 produced is highly
anractive and creatas a ‘professional finksh'.
This work will probably be ‘contracted out’
and care must be taken with marine
components when they are treated in this
mannet, Blasters use either quartz or steel
sand and, espacially with the latter,
corrogion can occur because of particles of
steel impregnated into the surface (maybe
avan from a previous job as the abrasive is
recyclied within the blasting unit). Pickling
I8, tharatora, necassary 1o avoid this. If an
acid bath is not on hand some good
pickling pastes are available. This class of
finish also presents another problem in
marine work. Tha 'flat’ finigh allows a film
of dirt to form more readily on the surface
of the stainlass steel than does a highly
polished finish, The layer of dirt then
constricts the oxygen which is required 10
form the passive film. If the passive film
braaks down, corrosion occurs. 318
tharefore, is a better grade for abrasive
blasting because of its molybdenum
content. Also copper bearing and nitrogen
bearing alloys resist corrosion under these
conditions but are harder to obtain.

The popularity of home welding
equipment has encouraged the fabrication
of many itams which wera at one time
hought off the shelf, One such item is the
marina propaller, Instead of buying a cast
bronze or aluminium scraew it is vary
satisfying 1o produce your own fraom a
machined hub and walded plate blades.
347 may be found 1o be the most suitable
material for this purpose, The welding can
be carried out using an ordinary ‘stick’ set,
ona of the many MIG welders currently
available, or even the TIG units which have
now become within th reach of
home workers. @

Table 3

and genaral purposes
B.S. 3059 Steel boiler and supar haater tubes

PrOSSUre purposes

B.5. 3606 Tubes for heot exchangers
B.5. 4127 Light gauge stainless steal tube,

ENGINESTING PUrpLEeE.

MNote to Table 3

appling, as balonws-

British Standards associated with stainloss stoal
{British Standards Institution, Linford Wood, Milton Keynes, MK 14 6LE.)

B8.8. 21 Pipe threads for tubes and fittings whetse pressura tight jointe ard mads on threads

B.5. 970 Pr. 1 Sainlass ham resisting stecls In the form of bloams. billets, bats and forgings.

B.5, 14498 Fr.2 Swainless and heat resisting steed plate and strip

B.S.1501 Parts 1 (1980} & 2 (1388).* Flat products made of steels for pressure purposes.

B.S. 1501 Pr.2 Corrasion and heal resisting steel plates.

B.5.1502 Steels for flract and unficed pressure voeasels, Sections and bars

B.5. 1503 S1eel forgings for pressure purposes

B.S. 3074 Welded snd cold drawn welded austenitic stalnless steal tubes for machanical, stiuctural

B.S. 3600 Dimansions and massas for uait length of welded and seamless steel pipes and tubas loi

B.S. 3805 Seamiless and welded austenitic stainless steel pipes for prassure purposes.

B.5. 6323 Pr.8 Longitudinally welded stainless stoel tubes for sutomobile, machanical and general

B.S. 6362 Stainbass steal tubes suitable for screwing m ACCORDANCE WITH B.S, 21

*B.S.1601 Parts 1 (1980) & 2 (1988). Flat products made of steels for pressure purposes.
When thia table was originally compilad this section was undergoing review a revision now

B.5. EN 10028. Specification of flat products made of stesls for pressurs purposes.
B.S. EN10026: parts 1.2, & 3 (1993 supersade B.S, 1501 part 1 (1980) and partislly supersede
B.5.1601; pant 2 (19E3) which has now been amanded.
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THE BIRTH OF THE

LARGE MACHINE TOOL

Don Unwin continues his occasional series on the history of machine tools
with this brief exposition on the birth and development of boring
machines; they were so linked with the munitions field that progress in this

direction

seemed inevitable

Fig. 1: Sketch of cannon

engina later

arreval of
gunpowder from
" China and India
to Europe about
1300 1t wasn't
long before the
Cannon was
invented, the first

he first
I maching top!

was the
lathe; until tha
beginning of the
19th century these
were mainly used
by woodworkers,
clock and
Instrument makers
and for ornamaental
wrning, hence they
remained relativaly

T I L e

accuracy resulted in the developmaent of a

boring and bronze head E provided further crude form of machining. A tool head with
with steel cutters,c. 1603. - encouragement. cutter was fixed 1o the end of a long
With the horizontal rod which could be rotated by a

capstan or water wheel whilst the cannon
was pulled on to the cutter by weighis, Fig,
1 Vannoccio Biringuecio illustratad in his
Pirolecnica, published 1540 a water wheel
driven cannon baring machine in which the
barrel was mounted on a carriage or
sledge pulled along by ropes and a
windipss, Fig. 2. It has been suggested that
the 'hammer ponds' in Sussex ware used
as much for driving cannon boring
machinas similar to Biringouccio's as for
drivinig forge hammers. These methods
were used for many years, Diderot
illustratas a similar machine in his
Enclyclopedia of 1772, However the
method did no more than clean up the
bore, following any cast misalignmants, in
fact sometimes making them worse. As
can ba seen from the early 17th century
drawling, Fig. 3. the cannon boring
machines were little more than adaptations
the methods used 1o bore wood pipes and

| = g i— =
gmall iy’ e -—.—“‘-’“___:‘- O e i pump barrals
As always g 2 :
ammaments ;E}_ Fig.2: Cannon boring mill 1540.

provided the first

stimulus for the P—— s e
development of the
large machina tool i |a

although James

Watt's steam
‘ - recorded use
Fig.4: Mﬂffl’-‘-‘ vertical being at the
gun boring #,

machine,
Didevot
1772,

battle of Crecy
In 1346. At first
they werg cast
in bronme with
cored hores
and wera quite
small, odly
waighing
batweaen 20
and 30

Fig.3: Wood pipe boring, -
~Soloman de Cous=1515

paunds, Next, around 1400, came forged
Iron barrels, made of tongitudinal bars fire
walded together, bound with.iron hoops
and weighing as much.as 600 pounds. Cast
iron appeared in Germiany in the second
half of the 14th century where the first
cannon was cas! in that material. The use
of cast iron was slow at first, bronze being
preferred as it suffered leas from corrosion
and the eracking to which this poor quality
irons of the penod were very prone.

At first the bores were used as cast but
the need 1o improve fire power and

Vertical Boring Mills

In an attempt to improve this situation, a
Swiss engineer named Maritz devised a
viertical boring mill in 1713 which was abile to
bore barrels from a solid casting. Perfection
was not achieved for several yaars but
eventually the Nederlands State Gun
Foundry at the Hague adopted the syslem in
1747, issuing a decrea that all guns were to
ba hored from the solid, It was keptsecret
for many years but it had become known by
1772 as Diderot illustrated such & mill in his

o
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Enclyclopedie, Fig. 4.

Jan Verbruggan, gun founder to the
Nedearlands Admiralty, moved to the Hague
Foundry in 1755 and being dissatisfied with
the Moritz machine devised his own
horizontal versionin 1758, In it be used a
horizontal bar and for the first time rotated
the cannon on bearings This produced a
much more accurate bore than was
possible with rotating the bar used by all
othar methods then in voguse.

in 1770 Verbruggan misbehaved himself

In 1774 Yerbruggan prepared
comparative costs of making machined
cored cannon barrels, and machining them
from solid castings ansing from which the
Board of Ordnance decided that in future
all would he bored from solid,
Verbrugaan's machines remained in use
until 1842, 56 years after his death, These
were probably the first large machine tools
capabla of reasonably accurate work.

A need for large bore cylinders
: In the meantime,

Fig.5: Diagram of Verbruggan's cannon boving machine, Woelwich

Arsenal, 1770

==

e

il =
A

in 1712, Newcomen
had invented his
atmospheric steam

| engine which called

1 for large bore
cylindaers although
with much thinner
walls than cannon.
=1 These were cast in

. brass or bronze
initially and being

| about 8ft, long with a
bara diamater of 2Bin.
were far beyond the
capability of the
contemporary cannon
boring machines. The
bores ware finished

o : by rubbing with

abrasive stones but

ve- VY A FY—p
Fig.6: Smeaton’s cylinder boring machine, 1769, early 19th century drawing.
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in some way and was discharged from the
Hague, only to be immediately appointed
Master Founder at the Royal Arsenal,
Woolwich; he appears to have brought one
of his mills with him. By tha and of 1770
two large heavy mills and a small one of
the same type to bore mortars were
working st Woolwich.

Verbruggan 's predecessor Andraw
Schalch had & machine for which he was
issued with *....material for the famale of
the great serew for the engine at the Royal
Foundry....*; which suggests that it had
some form of lead screw feed and ifso it is
the earliest known application. However
Verbruggen did mot appear 1o perpetuate
the method as contemporary drawings
indicate & rack and worm driven pinion
shown in Fig. 6.
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circularity, parailelism and straightness
depended entirely on the skill of the founder.

As the Newcoman engine moved slowly
and at a low working pressure, an
adequate seal could be made with water
on the top of the piston in the open 1opped
cylinder,

The Quaker, Abraham Darby's,
Coalbrookdale [ron Works, with thelr
excaptional iron founding skills soon
enteied the field maoking cast iron cylinders
for Newcomen enginas in 1722, At first
bores were hand finished but by 1725 a
cylindar boring machine was mentioned,
able to bore cylinders up to 46in.

diametar, although not without
problems Involving breaking boring bars. A
new mill was made in 1734 with o heavier
bar I2it. long and 3in. diameater. We do not
know the exact details of the machine but
there are indications that it was
development of the harizontal water driven
cannon boring mill,

Coalbrookdale lost their monopoly in
1759 whan tha Carron lronworks naar
Falkirk started up. Unlike Darby's works,
where the Quaker principles of the
management would not allow them to
make weapons, Carron soon introduced
the famous Carronade as well as making
steam engine cylinders, John Smeaton
who was responsible for the plant at
Carron installed his cylinder boring mill in
1770, Fig. 6. As Dr. Roebuck, founder of
Carron lronworks had poached some men
from Coalbrookdale It is very likely that the
mill was very similar to the Coalbrookdale
machine. The cutter head on the end of a
long bar was supported by rubbing shoes
and hence followed the cored bore.
Smeaton had tried to reduce ermors by
supporting the cutter head with a camage
running in the bore and passing the cutter
through the cylinder four times rotating it
90deg. between each pass. The results
were quite adequate for the Newcomen
angine trut James Watt found them useless
for his engine with external condenser. His
first engine was built in great secrecy at Dr.
Roebuck’s house at Kinneil near Falkirk
from parts made by Carron Ironworks and
was a fallure due to the Inability to
maintain an adequately stéam tight piston
in the inaccuratle cylingder.

Probably the leading Ironmaster of the
period was John Wilkinson whosa
ironworking skills rivalled that of
Coalbrookdale and like Carron made guns
on a large scale, Strangely, in 1774
Wilkinson applied for and was granted a
patent for a cannon boring machine which

Fig.7: Wilkinson's cylinder boring mill,
1775, early 19th century drawing.

Modal Engineers” Workshop



was virtually the same as that which
Verbruggan had introduced at Woolwich
Arsenal 4 years previously, llustrated in
the sketch, Fig. 5, The Board of Ordnance
challenged the patent which was
withdrawn in 1779,

Boullon, afler Watt had joined him,
suggested that Wilkinson be approached
about the cylinder boring problem. As the
Kinneil cylinder was only Hin. dia, it seems

- likely that Wilkinson bored it on his cannon

mill and when the re-machined cylinder
was deliverad to Soho Manufactory in 1775
it was found to hawve solved the prablem.
Wilkinaan realised the potential of the Watt
angina - he was one of the first users - and
knowing the limitations of the cannon
boring mill which was designad to bora
blind ended holes, designed and built a
machine specially for dealing with steam
angine cylinders of much larger diametar
and open both ends. In his maching the

cylinder casting was stationary. and the
hollow boring bar running in bearings one
at either end of tha cylinder. The cutting
haad slid along the boring bar, bang
pulled along by a rod in the hollow bar and
connected 10 the head through a
longitudinal slot. A rack on the outer end of
the rod driven by & pinion and crank handle
advanced the cutter head through the bore
as It rotated, Fig.7.

Using this machine Wilkinson was abla
to bors eylinders cirgular and parallal,
some as large as 72in. din. with an arror, to
quote Watt, “. not further from absolute
truth than the thickness of a thin sixpence
al the worst part...". The mill was not
copied by others until aftar 1779, atthough
Wilkinson continued to make the cylinders
for all Boulton and Watt engines.

One of the copies, that by Matthew
Murray in 1795 is believed 1o be the first
cylinder baring machine with self acting

fead to the cutter head although it hac
already been fitted to cannon boring
machines.

Boulton and Watt had a serious rival
steam engine builder in Matthew Murray,
Murray started in 1795 at Holbeck, Leeds,
his works later being known as the Round
Foundry, Unfortunately a fire destroyed all
the Murray records In 187, making it
difficult o establish exactly his contribution
to machine tool building. However It is
certain that he was one of the first
manufacturers to make machines for sale,
most others making them for thelr own
use, Murray had introduced the D slide
valve and made the maching to produce
the flat surfaces. Later, about 1822 he also
made two cylinder boring machines
skatches of which still exist, while there is
avidence that MMJ third. Sewveral of
the second design wera exported to France
where they wera, lﬁulw regarded, Fig. 8.

Most of these 18th century machines
ware driven by water wheels or
occasionally by. horse but the Watt rotative
angine which the boring mifl had made
possible 5000 began to take over and
remova the need to locate mills near
running water,

William: Murcloch Boulton and Watt's
foreman in Cornwall was recalled 1o Soha
Works to take chargein 1798; be soon

introduced manufacturing improvements

and new machines. One was a large
horizontal cylinder boring mill installed in
1788 and still in use when the Foundry was -
eiosed down in 1895 on which occasion
The Enginser published a series of articles
describing the plant, Fig. 9.

-t

Sept/Oct '094



el 4% iy
wiltrilp i
i, __.!“.u.m".‘l. o i -
oi ¥ i LU
ol

2 NGINEER]
Fig.10: Veertical boring méﬁh‘in%, -
Soho Foundry, Engineer, 1895

Fig.16: Boring on a Drummond
lathe, Model Engineer. 1906.
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A slow process

The job time for boring a 65in. dia.
cylinder is interesting. "Getting on, %
day; Centreing and fixing, 1% days,
Facing, /2 day; Setting cutter, 2 day;
Boring, 11 12 days; Preparing to go
through a second time, 1 day; Boring, 8
¥ days; Facing, 1 Yadays; Bell-
mouthing, 1% days; -Getting off, %
day; Total 27 %2 working days". These
would have been at least 12 hour days
so it was a pretty lengthy and
laborious task.

The advantage of the horizontal
machine was the ability to face both ends
but the sag of the long boring bar and

the build-up of swarf could cause problems.
To obviate these Peter Ewart had designed a
vertical machine for Soho in 1795 but it was
not built. However the design was copied
and patented in 1802 by Micheal Billingsley
of Bradford. We know that one was installed
at Soho later as it is recorded that a vertical
boring mill was used in 1854 to machine the
four 84in. dia. cylinders for the screw
engines of Brunel's steam ship Great
Eastern and the machine was illustrated in
the Engineer articles of 1895, Fig. 10.

Both types from very large to quite small
enjoyed favour in the 19th century and still
do, each being particularly adapted to
certain types of work.
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The horizontal machine is well adapted Fig.12:
to bore large components which cannot Horizontal
readily be rotated such as steam engine boring
cylinder blocks for example, Fig.11 and the mach'me
large turbine casing in Fig. 12. Some of the working on
vertical machines in addition to boring with low-pressure
a rotating boring bar on stationary work turbine
can also be used as a vertical lathe in casing,
which the work is rotated, the tool ¢1930.

remaining stationary.

In 1803 E.P.Bullard in the USA designed
and built the first of a long range of boring
and turning mills, really vertical |athes but
often called boring machines. These
developed into quite complicated
production machines with several tool
heads on a cross bar over the table and
other heads on the side standards. Fig. 13
shows a very large machine of this type
and another was illustrated in Fig.18 of Part
2 of my previous article The Evolution of
the Lathe (M.E.W.issue 16). Duplex
machines with two tables and tool turrets : : {8 e B
were also developed, an example from the } o g
late 1920s is shown in Fig. |4, ; ; EhiessDelr |

A smaller horizontal machine, the Union : :
barer-miller, also of the late 1920s is shown
in Fig.15, which was invaluable for dealing
with the varied boring and milling
operations involved in the manufacture of
scientific instrument components. Notice
the clutter of belts which was so typical of
machine shops of the period!

It is nice to remember that when boring
with the work mounted on the saddle we
are enacting in a small way the principles
of the 18th century machine builders @
Fig. 16. e 4

Fig.11:
Locomotive
cylinder boring
machine, Crewe
Works, 1929,

Fig.14: Duplex vertical borer, 1930s.

Fig.15: Union borer-miller, 1929. Cambridge Instrument Co. Ltd.
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Can anyone please load me to
knowledge of the manufacturer’s “special
quadrant and gears® supplied as an option
o allow metric threading on the 10in. La
Blond Regal lathe? | will happily reimburse
for, post, photos, copying ate. Maurice
Sawyer, Benconsfield, 0494 673947,

Wanted old Issues of Practical
Mechanics magazing - 19508 or aarlier.
Also copies of Popular Mechanics
(American) 1950s-1960s, K Balzan 53 St
Catherine Street, M QABBA, ZRO 08,
Malia, GC.

Wanted, Instruction manual (photocopy
would dol for Sigma Jones MT 368 milling
machine, Also, does anyone know If it will
tike: collets bigger than ¥ in, and can
anyone offer such? Tel. Oakham (0572)
756069,

| have recently purchased a small Edgar
Lathe, patent No. 184047, makers date
1922. Some parts are broken and nesd
repairing or replacing. | would be grateful
far any literature, information or
manufacturers drawings about this lathe to
assist in my getting it back to its
original state.

If anyone could help in this matter,
please send details to Mr. M. Lambert at
"“Woolersend®, Garrard Place, boworth, Bury
St Edmunds, Suffolk IP31 2EP.

Taal, 0359 20137.

| am currently renovating a Kerry lathe 5
¥ x 23in., model No 6G. Manuals or indeed
any information on this particular lathe
greatly appreciated. Can photocopy
anything and roturn, Peter Symington, 30
St Lawrence Road, Scunthorpe, DN16 1RB.
Tel, (anytime) 0724 271676,

Wanted. 1-2 HP 3 phass electric motor
foot mounting. Telephone: 0322 320556
(NW Kent),

Wantad:

a). Machinery's Handbook edited by
P.5.Schubert and others prefer-ably a copy
printed 1970 - 80 but any edition will suit.

b). Matalwork Made Simple by Tom
Pettit 8 paperback published in the *Made
Simple Series”; and

c). Workshop Technology, (Part 3 only)
by W.A.J.Chapman.

Please state condition and price. Write
or phone Eddie Martin.15 Park Rd.,
Broxboume, Haits, EH52 5RF,

Tel.0506 852457,

Elliott horizontal/vertical milling machine
type MO (Model 07) table approx. 32 x
Tinches, Does anyone have any
information on this machine please. Soama
of the adjustments (table nut/backlash)
seem 1o be similar 1o those of the Iater and
larger V1/U1 Elliott machines but | would

80

appreciate information on the correct way
to adjust the bealt tension (second stage in
the 3 stage drive | and also on how othar
owners fitted a cross feed lock. Malcolm
Leafe, 49 North Park Street, Dewsbury,
West Yorks. Tel.0024 460864

I wonder if any reader can help. |
recently obtained a 3 %in. Mikron lathe and
would be grataful, for any information,
manuals etc. about this Swiss made
rmaching. The tailstock taper is non-
standard, as far as | am able 1o measurs, it
i§ a Jarno 4.5, Someone must have eomea
across this problem before, can anyone
help sither by salling me some tooling for
the lathe or with the name and address of a
company to grind up an adaptor sleeve
with No. 1 Morse taper. Tel. 0751 472392,

| have a Clarkson Autolock NLS. (Non-
Stick) 1 ¥in., taper (very nearly 30 INT)
milling chuck for sale or exchange. |
require 3 30 INT Clarkson Autolock Small 5
type chuck. | also have some surplus
collets to suit samea. Telaphone Hall, 0926
624456 (Warwickshire).

| have recently purchased an old
Colchester Lathe which, despite its age, Is
in good condition, The name plate states
that itis a Colt 7 x 20inch. The headstock
mandrel has a screw thraad (1 ¥zin. QD
and 12TPI, ¥in. long) for which | need to
acquire a face plate and a four jaw chuck. |
may also need other change wheels.

| will be grateful in anyone has any
information regarding this machine, a
photocopy of a manual would be
particularly welcome. | will be happy to
cover all expenses.

L B D'Alton, Avonia, 45 Greanfield Road,
Mount Merrion, Co Dublin.
Tel 288 0778 (Eire).

| have an oxy-propane torch outfit Clean
Welder but have been unsuccessful in
finding & supply source for the propane or
axygen canisters [approx. 14 oz. gas
waight). My lettars to Cleanweld Tumar,
the manufacturers, asking for details of
U.K. distributors have remained
unanswered. The metal canisters ars both
threaded (into valve assemblies) approx.
Tin. diameter by 20 TPL; the propans RH,
and the oxygen L.H, threads, Does anyone
know of a UK. source of supply please?
Keal, 14 Middieton Way Knottingley, West
Yorkshire WF11 BHA, (1el.0977 674434),

Wanted: A compound slide ar vertical
slide or both for a 3in. Drummand flat bed
lathe. Also any information on this lathe;
espacially the change wheel gear train set-
up for screw cutting, or a chance 1o look at
an ariginal manual. Please telephone 0481
726168 or write to Mike Day, 39 Valnord
Lanw, St Peter Port, Guernsey GY1 1YQ.

I have acquired a Denham Lathe, | am
interested in what year it would be and a
suitable manual on how il works,
adjustments, etc. The lathe has a 7in.
centre height and is about 30in. between
centres, it has a gap bed, it is belt driven by
a flat beit. Stamped machine No.2251, also
has a plate: Charles Churchill & Co. Lid,
Engineers & Co.; London, Birmingham,
Manchester, Glasgow, Newcastle on Tyne,
Please help, write or telephone: Burnie,
Strype Croft, Garmouth Morayshire,

V32 71.G, 0343 87303.

For Sale. Vanable speed drive %
HP. Spec. available £35 plus carriage.
Tel: 0322 330556 (NW Kent).

For Sale. Old unusual 7in. chuek
with unusual jaws externalfinternal,
No key £40. Small chuck backplate
£10. Tel: Blackpoo! 02563 354478,

For Sale. Clare 3MT milling chuck,
new, unusad, ¥, ¥, ¥, % collets, 1 MT
collet, £45.00, Tel: 081 363 2825
(Enfield).

For Sale. Old type 3 jaw self centre
chuck, Approx 5in. diameter. One set
self centre jaws fitted, No back plate
but various possible back plates
available to callers £40, Small 4 way
tool post £10. Tel: Blackpoal 0253
354478. 5 Gresley Place, Blackpool.

Free offer (you pay postage) | have
a set of change wheels with a bore of
9/18in_ with key way. 18, 24, 28, 32, 36,
40, 44, 48 and 62. Also large lathe
dog marked with a 40, If these are of

any use to anybody please telephone
Hythe (Kent) 0303 267115 after 6pm,

Have table power feed for Contec
2A Miiling machine. Presently fitted
with Yohp 3 phase motor, but could be
converted, Will sell (offers) or swop for
w.h.y.? Also 12BA LH tap secks similar
die for lasting relationship. Call 0602
734 587 (Nottingham) to haggle,

Model Engineer magazines as
follows:-

1971 -80 Bound coplas; 1970 - 76
Loose copies, all complete,
1980/81/82/83/84/85, unbound and
Incomplete,

1962 -9 loosa copies. | also have a
bound set of Model Maker magazine
for 1880. Offers for all or pan of the
above to (Oxford) r
D885 375942, ‘
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VERTICAL BELT
GRINDER

ver the years vanous writers mn

Meodel Engineer and other maga-

zinges have extolled the virtues of the
linishar or balt sander‘grinder as a metal
ramover, chiafly in free-hand operations,
The propaganda eventually affected aven
me and | oo decided 10 join the band of belt
grinder owners by the long but cost
effective way around self design and const-
ruction; preferably from materials on hand

The approach tnken to the project was to

“eye up” a8 many versions of the device as |
could find, at exhibitions, In workshops and
in drawings; this is, | suspect a popular
approach 1o many amateur dasign projects
After some procrastination, | opted for a
vertical formal machine which seeimed to
me the most useful for frechand meatal
removing - most of the uses snvisaged by
myseall appeared to Involve the edges of
workpieces rather than large flat surfaces for
which a horizontal machine would appear 1o

1: The pictura that tells the whole story,
the machine with all guards removed
shows the simple yet rigid construction.

Sept/Oct "94

offer pseudo surface grinder facilities. A
final design factor was that the construction
had to be within the capahilities of my 1917
Drummond “twin bed "lathe,

Before astablishing the design
parameters 1.e. Iocking in the scrapbox, |
considered it worthwhile to check on the
local availability of consumable - abrasive
belts, It appoars that abrasive belts come in
all manner of widths and lengths. | thought
it useful to aveoid unpopular lengths and
widths which may have required a lot of
horse powar and settied on using 42 in. long
beits which seemed to be sasity available in
1im. and 2 in. widths and in a variety of grits.

Having chaosan the abrasive belt size the
maial strangling could begin. The mam
requirements for a belt grinder (| understand
that Linishar is a registered tracde name) are
for some kind of rolls for the abrasive belt to
run on and a suitable piece of metal to keep
the rolts sufficiently far apart to keep the
chosan belt ight. A search through my
material stores (i.e. scrap box ) revealed a
supply of 2 x Tin, and 1 x Tin. steel tube
which looked promising for the bits to keep

Z: A view of the other side of the
unguarded machine

One of the simplest of workshop
machines to make is the belt sander; it
is , none the less interesting fo make
and providing a very useful end
product. This design for a vertical belt
sander is by Malcolm Leafe

the rolls aparnt ,some 3in, dia ﬁillvé_m ised
tube - very roll looking and a box of sealed
surplus ball races already fited in pairs in
steel housings, obviously just what |
needed. Construction started with ,what in
my opinion were the easier pans to
visualise - tha rolle

Roller assembly

The drawing (Figure 1) shows the
relevant details. Although construction in
this way is more time consuming than
turning from solid would be, | feal, that
hollow, relatively hightweight, construction
has benefits in reducing the inertia of the
beltroll system,

The initial work was the and plates
(item12b). | cut four 3in. square pieces of Ya
m, sheet and using the 4-jaw drilled/boraed
the centre /g in. hole in each square
Individually. Afver clamping the 4 squares
together (aligning them with a stub of "=',q in.
dia, rod in the centre hole) the 4 x 4 in. dia.
*|ust for affect” holes were drilled . Tha steal
centre bushes (item 12¢) were turned from
Tin. dia. steal bar, The next operation was to
braze them into the centre holes. A spell of
hacksaw work and a little sweat of my brow
SOON saw (pun intended) tha squares

3: A close-up of the drive arrangements
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reduced to rough octagons - very rough
octagons. A 1, in. mandrel was produced in
tha 3-jaw {naver remove such a mandrel
from the chuck until you are sure that it is
finished with] and the embryo end plates
were fastanad on the mandrel in back to
back pairs with a retaining nut, A spell of
clonk, clank cutting soon saw the comers
knocked off in the lathe and the plates were
turned circular to 2 ¥y in. diameter, This
size should be adjusted 10 suit; i.e. il you
take off a linde too much or if your tuba is of
a greatar wall thickness than mine was than
take appropriate action.

Two pieces of the 3in, dia., or
thereabouts, tube wero cut off a1 2 Vg in
long - mare sweat of the brow - chucked
snugly in the 3-jaw, (either st of ‘m will
do) faced cleanly and bored to 2 Y¥,gin. {or
10 suit your provioushy

bearings were 12mm bore....nuff sed.

At a later stage a pair of shafls are
needed for the rolls (items 8 & 10) to rotate
on, | next made the shafts and used one of
them as the mandrel for roll turming. It
should now be clear why it would be as well
to choose the endplate bush bore to be the
same as the ball race bore, it saves a lot of
turning down from 'z in. to 12 mm for one
thing. | allowed a full Bin. (litthe point in
cramping yoursell whan working between
cantres) and turned the shafts to /7 in (and
12mml) diameter betweaen cantres.

The rolls were clamped, using the grub
screw in the centre bush, for skimming the
cylindrical surface, the two rolls do not need
to be exactly the same size - but keep a
sense of proportion about it, don't finish up
with a penny farthing pair. The top slide was

Main Frame (Item 1)

Although tha main dimensions are
shown, to ensure satisfaction in use | would
suggest that you check with your chosen
belt size. In my case | used 42in. long balts
in various widths; mainly 1 and 2in. wide.
Any langth is possible of course but 42 in.
gives a fair sized machine with a useful
capacity. Incidentally wider belts are
cheaper than narrow ones in terms of £/inch

- width and can easily be split into narrower

multipte widths. | chose a two-roll set-up;
one less roll to make and as yot few
disadvantages in use. 4

The best starting point seemed to me to
be to buy a few belts of the chosen size lay
themn on edge on the bench, place a roll in
oach end of the loop and measure the inter-

roll distance. Belts

preparad end plates) to a
dapth of %35 In. from
each end, to form seats
for the end plates, aiming
for a finished langth of 2
Yag in. if & 2in, wide bert
is envisaged. | didn't
worry too much over
concentricity at this stage
bayond setting the tube
sections firmly and
avanly in the chuck
before luming sach end
racass as there was a
further brazing operation
to coma after that a final
skim between centres
would solve the
concentricity problem,

The and plates wars
placad into thair

seem Lo vary In
length, so choose
the shorest and lop
a bit off the roll
distance for safety -
10 allow far
adjustment in case
the next one is even
shorer - there is no
need for great

axacingss as there

appropriate recessas and
brazed in with Sifbranze
(leave a largish gap for
the paitar to flow into),
they could have been
silver soldered (aim for a

snug fit) or welded (if
there is a gap then fill it),
Should you have a
choice of fixing method
available then you could
turn the parts 10 leave a
suitable clearance
according to the fixing
method chosen or of

course \vice-versa
choose the fixing method
to suit the gap/fit which

is some adjustment
in the machine for
belt length but do
check that the
bearing spacing on
the rolls suits your
particular balts.

Armed with a
trusty hacksaw and
some more sweat-
ofthe-brow |
proceaded to cut
the two main frame
members to length
from 2 x lin.and 1 x
lin. tubying, they
were weldad
togethar at the
upper end. (If you
clamp the two
pieces of tube to a
substantial piece of
12in. plate or

Fig.1.

aali

similar before
welding, this will
help to reduce

© distortion. Other
mathods of joning

you have finished up
with! No prizes for guessing which way
round | worked. The hole through the
praviously fitted bushes makes clamping
bafore brazing a simple task, requiring only
a through bolt and a couple of washers.

This operation complated, the rolls must
now be crowned; this is essentlal to ensure
that the abrasive balt will run true, In B years
of use | have never had a belt run off centre -
having said that | bet that Murphy's Law will
be at its worst next week.

To mount the rolls for crowning and
skimming for concantricity a mandrel is
needed, The mandrol is obviously required
to fit the centre holes in the endplate
bushas. | mada the holes In my bushes
Yzin. dia.(reamed finish) a litthe thought
would have shown me that 12mm would
have been a more sensible choice, never
ona to let sensa stand in the way | stuck to
Imperial size. It later occurred to me that the

sal over to 1 dag., first one way then the
other to praduce a gentla two way taper
meeting at the centre of the roll length, A
few nifty strokes with a large file (be vary
caraful of the catchplate/chuck when filing)
so00n gave ma a fine pair (well not bad) of
crowned rolls,

As the photos show | Later attempted to
balance my rolls by drilling the end plates;
they rotate at a fair spead. However, there is
no vibration in use and | doubt whether it is
worth the effort, after all givan reasonable
matanal and machining the only out-of-
halance forces will be due to blabs of braze
or what have you and should be minimal.
The end faces of the rolls can now be
pamted and put agide and left until they
are needed.

The next item which | tackled was the
main frame, the bits which keap the rolls apar,
and at the carrect height above the bench.

the frame are
possible of course, there seems no reason
why silver solder may not be used or even
fish-plates and bolis/screws, ensuring that
neither the belt or your fingers can catch on
any protrusions.

The steel angle foot, although detailed,
can be made 1o suit available material, all it
has to do is hold the main frame upright
and provide somewhere to put the
maounting hales for the bolts which will
eventuslly hold the whole device to the bench.

I now turned my attentions to the bearing
assomblies and their mountings.

Bearing housings and mountin
lhnmlm - =

I was indeed fortunate in oblaining
ready made bearingshousings but for
those less fortunate or those whose scrap
box is at the embryo stage and not yet a

Model Engineers’ Workshop
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mature creatura Df s0ome
years standing, | suggest
that you obtain 4 ball races
approximately the same size
as mina and go from thera,
Mine ware 1,25in, x 0,375in,
% 12mm bore. | was pleased
that | made the rolls 6.5in.
bore aren’t mixed units a
mixed blessing? The duty of
the machine suggests that
shielded bearings are a
useful idea to prevant the
ingrass of grit belt residues
and other assorted debris
(single shielded would do
with the unshielded sides
facing inwards in the
housings), My bearings
show no signs of wear or
ingestion of grit after 8
years of use.

The housings ara plain
turning jabs from ends of
bar, | would suggest that
each housing is turmed,
faced, bored and recessed
to @ push fit for the bearing
outer race taking one end al
a time and then to tfum up a
stub mandrel in the 3-jaw to
fit the already machined
bearing recess, wring the
part-finished housings on
to the mandral in turn and
wrn to finish. The size of
the housings can ba vaned
to suit the chosen
{available 7) bearings, but
it is an advantage if the
outer dimmetaer of the
housing (except for the
flange) can be kept to 1.75
dia.- the mounts can then
be made from offcuts of the
2in. % 1in, tuba.

Bearing Mounts

The lower bearing mount, included in
iterm 1, main frame, is simply a 2in, piece of
the main frama tube bored squaraly using
the 4-jaw 10 accept a bearing housing.

The upper arm{item 6) provides the
adjustable mounting for the other bearing
housing. A piece of the 2 x Tin. frama tuba
was used and again using the 4-jaw, bore
the hole for the bearing housing to a "nice”
fit -this is hardly a Newall classification of
fit, but I'm sure that all amateur/model
engineers will recognise the fit almost
instinctively. Should your lathe not permit
you 1o swing the tube without chipping
paint off the bed (of the lathe that is!) then
the upper arm is a simple rectangular
gshape to clamp to the cross slide for boring
from the chuck.

The holas for the pivet and the belt
lengthftension adjusting screw, having
beon markad out bafora the cantre of the
bearing housing hole was bored away and
lost forever, were then drlled, a nut was
attached for the adjusting screw,
weld/braze or use a hank bush, the tube at
178 in. wall thickness is not really adequate
to hold a coarse thread.

A bearing assembly (housing and two
bearings) was fitted to each of the just
completed mountings, and after spotting
through, the flanges were drilled and
tapped for a couple of 2BA retaining
screws, the holes in the tube mounts were
opened up to clearance size.

Before praceading with any assembly
just a few more bits were needed, The
upper arm pivot {item 71, which is a short
pieca of rod with provision for retention
aithar by cotters or a nut, and a pair of arm
pivots (item 5); these are simply cut from
scraps of fiat 1/8in. sheet.

Assembly of bearing mounts to
the main frame

Examination of the

G.A. together with
the photographs will
show the general
idoa. The lowar
bhearing mount
complete with

bearings and shaft
ws clamped to the

frame in the
measured position,

312HM52

pAoN 2§ PO

chacking with a
square that it was,
square that is! The

o 1m0
HANK

shaft should be at
right angles to the

vertical frame
member in both
directions,

The upper arm

complete with its
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bearings and shaft was
fitted complete with the
arm pavots, placed in
position and lined up by
eye with refarence 1o the
shafts being in
alignment with aach
other. Laying a straight
edge along the shafts
permits adjustment of
the upper arm until the
straight edge Is
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ary s

E%0 PLATE (B)
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ary 4
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B

i
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equidistant from the
main frame member at
both ends. Following marking and drilling
through one of the arm pivots into the tap
frame member (the 1in. square tube
companent) the other arm pivot was
maved to and fro until there was good
alignment of the twao shafts. Drilling
through the other arm pivol as before, The
upper arm was removed .and a dall run
through both sets of previously separately
drilled hales and the pivots were bolted to
the frame, The uppeér arm was then re-fitted.
Tha rollers warae now fitted 1o the shafis
and the shortest available belt slipped in
place, with an offcut of Vg in. thick materlal
under the upper arm adjusting screw in its
lowest, Le. slackest position (just to give a
little extra adjustmant), After slackening the
clamp holding the lower baaring mount

5: Fully guarded, the machine still
demands

a degree of care and respect in
use, that belt will soon flay off flesh.
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and adjusting the belt to a fairly taut
tension, the bearing/mount was re-
clamped. If there is any gross misalignment
then turning the belt by hand will cause it
te run off the ralls and adjustment of the
lower mount is called for until all is squared
up, The belt was stripped off and the lower
mount permanently attached by welding: it
could have boen marked for bolting
through the vertical frame membaer,

In this way, together with a little
realignment latar if needed, quite a large
frame was constructed with two widely
saparated bearings in good alignmént.

Thie maching was now reasssmbled and
tastened down on a bit of vacant space,
This is likely to be the most difficult
reeqquirement in amateur workshops|

All that remaned was a means of
supporting the belt against work pressure
and a work support.

Plattens and work table (tems
17,18 and 19)

The drawings show the details of the
plattens. | use belts of 1 and 2 in. width and
so made plattens accordingly. | also use a

4: Economical uge of electrlc motors, the
meter ¢an, at will be used to drive another
machine, simply by changing the belt
arrangemaents.

Maodel Engineers’ Workshop




*half-round® platten made from what
blacksmiths called hoop iron {al least the
blacksmiths in my family did), The plattens
and table assembly are mostly assembled
with Vg or %/55 BSF or BSW scrows into
anchor nuts riveted to the frame. The design
is not intended 1o be limiting; by all means
do your awn thing, but | would suggest that
the platten is made long enough to almost
reach the top roll and to extend below the
work table, it does assist with safety in use.

Following the drawings will resull in
plattens which are centred across the roll,
this iz useful when using narrow helts,
Reference to the G.A. drawing shows the
sttachment of the plattens and the work able.

The work tabile must, for safe working, be
substantial and soundly attached to the
frame of the machine. The pivating feature
i useful and comas into its own when
pattern making, Again the table, as the
platten, is adjustable and should always be
adjusted close to the belt. mine usually
works with a Yy in. belttable gap.

Whean making the bits and pieces of
plattens and work table o good search
through "what is available " could pay
dividends but the structures must be
strongly attached to the frame and adjusted
50 a5 not to be finger trapping - the belt is
moving at a fair rate of knots and the ease
with which a 80 grit balt remaovas mild stew|
will give a none too subtle indication of
what it could do to a carelossly placed
finger; on the other hand, if the belt ware
fully guarded then it would be useless.

Top roll guard (item 20)

Although no one ever intends to tangle
thaeir hair in any machine | feel that the top
roll guard does serve a usaful purposa. It
was simply constructed as shown and does
not hinder oparation in any way at all.

Motor/Drive

The lower roll on my machine has a 2 '/,
in. Vaa pulley coupled at 9-10 in. centres to
abin, pulley and driven by a '/shp TEFC
motor, This seems to be just about correct
at this belt speed of approx. 2200 ft/min.
when *pressing on® or urging & worn belt {o
greater efforts the motor can be slowed but
it doesn't often happen. The use of a TEFC
motor is possibly a worthwhile precaution
although the majority of the debris from
the belt does finish up around the foot of
the frame under the bottom roll {a box
beneath the roll does collect an awful lot of
debris) as there is always a possibility of
grit getting in somewhere.

It is worth delaying the awaited switch
on for a little longer, 1o allow tima o make
and fit & protective guard aver the drive
belt. It ks after all transmitting "/shp at
considerable speed and it is located not too
far from the work station. The guard can be
made from any suitable material, timber,
sheet metal. rigid plastic ete. My guard,
shown in the various photographs was
made from 18swg sheet steel with the
maounting lugs from 14swg steel sheat. The
layout is straightforward,, two circles of
pulley diameter plus '4in. spaced apant by
the machine/ motor centre distance. Allow
1- 1 ;in, along the top adge for the flange,
think befare putting snips 1o metal. Snip
away, knock the flange up over any old bit
of bar, add a few tacks of braze or wald
and, just to be traditional, add the
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mounting lugs by riveting, just like &
locomotive tender,

Once the guard is fitted, you can power-
up the machine then final adjustments can
be made o the belt tracking. On switch-on
the alignment shouldn't be so bad that the
belt disappears past your left ear on its way
out of the warkshop, but it may tend to run
to one side or the other. However, should a
belt make an early bid 1o escape there is
little neeed to run for cover, as soon as the
belt leaves tha rolls it loses all its drive and
.due to the relatively low weight (ar even
mass! a belt only a low level of
kinetic enargy; this is not to say that it isa
dusirable happening. This event has never
happenad to my

have made them by splitting widar ones.

Workpieces do get hot - after all you are
putting about 200-300 watts into them - so
waaring of gloves may be useful {don"
catch tham in the belt) but | prefer to use 5
hand vige or toolmakers clamp especially
on small workpleces

My machine has now given 8 years
storling service with no faults{after all what
is there to go wrong) and is equally as
useful as all the aforementionad writers
said - apart from profile shaping it is
marvellous for rounding off cormers (when
required) and will give a smart
finish to even the most humble Q
tool, fixture or workpiece. :

machine in use but tha
earlier reference to 3

Murphy's Law is
without doubt Lo

n1i '

applicabla.
Rectification of tracking
faults is

straightforward.
Remove one of the
upper arm pivots and
giase the holes with a
round file before
replacing it, fasten the
bolte which clamp it
stiffly but not tightly,
start the machine and,
with o scrowdriver or
other lever (truly
screwdrivers are

2HOLES 0 5

ary 1
GUARD G0

OEVELOPED LENGTH 57
RIVET T0 TEM 21
SEEG A

MATL MILD STEEL

18 SWG

misnamed!) placed
undar the pivot of tha
arm ease the pivot
until the belt tracks
truby and then tighten it
up. It only ssems like & -+
bodge - mine has
nevar neaded
realigning.
Recommended belt o

i

speeds ore, | believe,
samewhat greater than
my 2200ft/min., but it
does seem to give

1
5
b

acceptable metal
removal rates. Belt life
saems 10 bo
ecenomically
accepiable and belts
almost always wear
out rather than break

ary1

MATL MILD STEEL

GUARD BRACKET @) ©
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and when they do
break it seems always
to be due to catching

{BA a : J

on an edge elc. - L
operator error. Worn . -
belts can be saved to -
beé used as 1

-

palishing/finishing .
belts. You will notice ol
that naw belts are
marked on the reversa

MATL MILD STEEL

© ?PIEER@

©

face with a "preferred
direction of travel"

arrow, this marks the
grain orientation of the

abrasive particles, | 1
would suggest that itis L

b

worthwhile re-marking &

the direction with a felt

tip pen as the marks

=

tend to fade with use.
Of courss it will be
necessary 10 mark any

PLATEN
narrow belts if you o
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arTy 1 LACH

65



TRA

CoOuU

New Catalogues

N. 8. & A. Hamingway havo issuod o new
catalogue, containing most, if not all, tems
from previous catalogues,

However. there are a number of new
itams, ranging from the simple 1o the
complex, somea available in kit form, others
as finished items. Typical of the new
complex ems is an engraving machine in
kit lorm, This is obviously a very capable
machine appearing comparable to smaller
machines available for industrial purposes.

For details, contact, N. S. &L A.
Hamingway, 30 Links View, Half Acre,
Rochidale, Lancashira, OL11 4DD.

Tel 0706 45804,

DRavall Gears new catalogue lists all their
Imperial and metnc stock gears of all types.
Also listed are many associated items,
including, gearboxes, couplings, timing belts
and pulleys, ete.

The catalogue has over 200 pages
including a tachnical section and is priced at
£4.99 inc. p & p and VAT,

For a copy, or further information,
contact, Sales and Marketing, Davall Stock
Gears, Welham Gresn, Hatfield, Hens,
AL97JB. Tel, Sales: 0707 272722,

Fax 0707 268536.

Keeping rust at bay

P. Gamman Technical Services have
introduced a kit of materials for assisting in
keeping the dreaded rust at bay. The kit
contains three items.

1. An Anti-rust paper. This s an
impregnated Kraft paper which, if placed in
the drowers of a toolmakers cabinet, will
provide protection for up 10 two years,

2. Vaporol. This is a combined vapour-
phase and contact inhibitor oil for the
pravention of corrosion in such areas as
steam and internal combustion engines,
gear-boxas ete. This is provided in a 250ml
can with a small plastic syringe to enable the
accurate application of the requirad amount,

3. Steclguard Export. This is o thin film,
applied by spraying, for the protection of
bright metal surfaces, even at high
temperaturas. Suppliad In a 500mi plastic
container with trigger spray, Refills also
available. The three items are available as a
kit or can be purchased separately. With
winter and tha rust saason approaching,
now is the time to consider such lems.

For tachnical datails and pricas comact, P,
Gammaon, Technical Services, 4 Hurst Road,
Epeom, Surrey, KT19 8SJ. Tel, 03727 29726,

K. J. C. Horizontal milling
attachment for the lathe

Information has been received of o
harizantal milling attachment for use on the
Imtha, available ready made or in kit form.
The kit has some machining done and gears
are supplied ready made. Brief details are:-

Total length 1fi Sin.; Waight 7Kg; Vertical
adjustment 1¥in. above and balow lathe
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centre height, Cutter mandral 1 in, diametor,
Baarings Phosphor Bronze,

For full information contact, S F Laurent,
15 Ratcliffe Road, Aldinga Beach, South
Austrolia, 5175 Tel 010 618 85 565 332.

A UK agent IS likely to be appointed.

Waorkshop Electrics

A new Argus Workshop Practice Series
book (number 22}, entitled Workshop
Electrics, has been published, the author is
Alex Welss, The book covers the basic
information relating to workshop electrics, it
is therefore, eminently suitabile for tha
mechanical engineer who faels the nead for
more information prior to installing an
electrical installation, The books also
expands into the arca of electrical installation
in tha home and is written in line with UK
glectrical practices,

The book is available from Bailey
Distribution, Learoyd Road, Mountfield Road
Industrial Estate, Neww Romney, Kant, TN28
BXU. Tel.0797 366905, Fax 0797 366638,

Price £6.95 + £1 [PEF).

Digital readout

Many readeérs will have considered the
possibility of equipping their workshop
machines with digital readouts, but may
have rejected the idea bacause of their high
cost. One firm however has attempled 1o
avarcoms this cost barrier by designing
units with a more realistic cost, tho firm
being BW Electronics.

The unit, the MPS, has been received by
M.E.W. for evaluation. It is of a novel design
having a thin flaxible wire which axtends
from the unit for purposes of raading the
position,

Typacally this could be measuring the
table movamant of a milling machine. The
unit is small and fitting it should present few
problems, A few simple requirements miust
be observad and these are clearly detailed in
tha documantation providad. Typically, tha
wire must not approach the unit at an angle,
A soal ks provided 10 prevent the wire
carrying swarf into the readout but | fasl
som@ additional protection over the wire
would not go amiss.

Ona advantage is that the unit can easily
be transferrad from machine to maching,
avoiding the expense of multiple readouts.

In kaeping with this idea, BW electronics
have arranged the readout te be mounted In
quick release clips. Clips can remain on the
various machines whilst the readout is
maovad from machine to machine,

Tha readout is provided with a 2010
facility, also inch/metric readings. The
change from inch to metric and reverse can
be made at any time.

Unfortunately, checking accuracy was nol
possible as the necessary precision
equipment was not available. For example,
mast readars will understand that it is not
practical to check oné workshop grade
micrometer by comparing it with another
waorkshop grade micrometer. Any out of
tolerances errors found may be due 1o the
cumulative errors of both instruments, or
even an out of tolerances error in the case of
the micromaeter being used as b reference, it
is always necessary to have lest items (o a
higher precision lovel than that being tested.

In this case all that was available was a
0.4in. travel dial test indicator for testing
readings over a short distance and a digital
vemior for testing over a distance of upto 6
in. Both items ware of very reputable make.
Differences of reading were apparent at
soma dimensions but no mora than would
be expected from comparing comparabio
grade instruments. If any roader is
particularly concemed regarding accuracy,
BW Electronics will be able to give details of
the units specification, including accuracy.

A separate mains power supply is
available or it can be powered by battories,
i this case the user must provide a location
for these. The MPS has a display resolution
of 0.01mm. or 0.001in. An enhanced version,
EMFPS, has resolution of 0,006mm, or
0.0002inch.

Dutails can ba had from BW Electronics
391 Goldington Road, Badford, MK41 0DS.
Tel 0234 2197566,

BlackAlloy Cutting tools

A range of cast alioy cutting tools i
available from Brunner Machine Tools Lid.
Of parnticular interest to the homa workshop
ownar, aspacially thoss who machine
stainless steal, is BlackAlloy 526, This is for
general purpose machining on Stainkess
staels, cast iron, steel, titanium and most
othar matals. As s single point tool, it is
considerad unsurpassad by Brunner, (Sea
letter in Scribe a Line. - Ed.)

It is more expansive than normal ool
staalg, but whila tips ara not avallable, it can
be cut up and brazed 10 shanks in the same
manner as cemented carbides. When
sharpening, it has the advantage over
carbide that it can be ground on normal
wheels, as used for high speed tool bits.

Details from Brunner Machine Tools Lid,
8 Colville Road, Acton London, W3 8DU. | 4
Tel.0d1 992 6011, Fax. 081 992 7559,
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TOOLMAKERS CLAMPS

AND MILLING OPERATIONS

A few thoughts on the subject
of using toolmakers clamps for
securing items o be machined
on the milling machine. Also an

te on an article from Issue
20 relating to angle plate and
faceplate clamps.

n Model Engineer magazine, 6 May 94,
I A. V. Booth writes of his concern in

seaing o many llustrations of milling
taking place using toolmakers clamps for
securing the workpiece. In particular he
refers to an anticle in MLE. for 18 Feb 94. |
do not agree with A.V.Booth in total;
fesling that the use of such clamps for this
purpose neads to be done with due
concern for the poténtial problems. | am
surprised that the remarks were not
equally, if not more so, aimed at tha flimsy
G clamps also being used in the same set
up. It does lead me 1o believe that some
additional comments are worth publishing
on the subject, as | for one frequently
publish photos of items being made in my
own workshop where toolmakers clamps
ara employed for this purpose.

The first thing to note in connaction with
using toolmakers clamps is that, contrary
1o the normal practice of using packing
slightly higher than the work baing
clamped, so that pressure is applied at the
end of the clamp, pressura appliad when
using a toolmakers clamp should be evanly
distributed along the length of the jaw in
contact with the workpiece

The sketch shows the two extremes,
thase are:

1) With the jaws set too far aparn
2) Set 100 closa together,

neither of which produces a satisfactory
result. With the jaws set oo far apart,
clamping will ba at the end of the jaw and
will tend to pivot at point A", if too close
the clamp will pivot about point "B*.

Pilot drill sizes for
stainless steels

the cutt
reduces Work
haole

Alan Jeeves

Sept/Oct 94

Achieving a satisfactory
clamping action is not difficult, but
needs to be done with maore than a
little care, It must be realised that
the screw in the centre: is used
primarily for setting the spacing of
the jaws, the one at the end is for
applying the clamping force. The
result of the clamp being set in
either of these two ways, isto
allow the clamp to pivot as shown
in the sketch. This is obviously not
ascceptable. Somewhera baetween
thase two extremes the jaw will
clamp along its length and, with
sufficient clamping force applied,
will not pivot at all

The amount of adjustment of
the central screw 1o make the
clamp change from pivoling at *A*
to pivoting at "B" is small, so
adjustment 1o arrive at the non
piveting position, can only be
achieved with care. Howeavar, it 1s
essantial that no milling takes
place until the clamps are set, such
that they cannot be moved,
cartainly, that is, not without
extrame force

It is also worth realising that this
degroea of tightness will not be
achiaved by just the use of the
fingers, a suitabla tommy bar is
essantial, It is also essantial that
the clamps used are sufficiently
rabust; this may require them to ba
made, ag larger sizes are raraly 1o
be found in suppliers’ catalogues
This point was made in my earlier
article on making toolmakers
clamps, published In the Oct/Nov
‘91 Issue. In this, | thought | had

A

COMPONENT TO BE
MACHINED.,

___~LONGER: CLAMP PLATE.

CLAMP SCREW,
IN ALTERRATIVE POSITION,
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=
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BASIC) ARRANGEMENT,

also made a suggestion for

NOW USING CLAMP SCREW IN OUTER
POSITION IN POST, AS WITH LONGER

CLAMP PLATE.

ON PAGE 25

COMPARE WITH DRAWING
ISSUE '20.
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Simple slotting

Hacksaws make good slotting tools. Put two, three or more blades
in the frame at once, until the width of the
cutting fluid 1o wash the swarf away, cut to depth, then all

needs is cleaning up with a wardis

t is almost correct; use |
or other suitable file

R.J. Loader

With the limited space, any other method than that shown, except for using
G clamps. would be difficult to set up. Also, never make do with one clamp
where space is available for two, in particular where an intermittent cut is
being takern as in the opecation seen in this photograph

acquiring the knack of tightening
toolmakers clamps. it is not in the article,
£0 perhaps | made the suggestion in a
latter itam. However, the suggestion is to
place in the vice a piece of bar, say 50 X
10mm and to clamp onto this a suitable
size toolmakers clamp. With the bar in the
vica, il is a simple exarcise (o repestadly
adjust and tighten the clamp, tasting by
anempting to pivot the clamp, until the
knack; using the word skill would be
setting the task on too high a plane, has
bean acquired

With a suitably robust clamp and set
correctly with sufficient force, | see no
reason why toolmakers clamps should not
be adequate for very many applications
There ara though two other polnts for
caution. If the angle plate is of the type
with a non- machined back and the part to
be worked on is also not machined. It is
just possible, though | feel very unlikely,
that the '|i!w'i wiill rest on high points;
maksng i passibla to pivot the clamp no

Recycling Allen keys

Small Allen keys seem to wear
rapidly; they normally seem to lose
theair grip just as the shops close

r, @asily be
rajuvenated by grinding tha worn
Wein. off tha end. (Th BIMS
obwvious, but nobody ever 1old mel)

C.Washington

m

L
|

| A,
- - -
1 1/4

SI1ZES A B
13716 1-1/4
13/16 1-1/2
13/16 1-3/4
13716 2

MATERIAL 1 X 1/4 BRIGHT MILD STEEL.
QUANTITY 2 OFF EACH SIZE MINIMUM.
HOLES. 1/4 dia.

CLAMP PLATES (REVISED).

POSITION OF HOLE "A" IN TWO
SHORTER CLAMP PLATES CHANGED,
COMPARE WITH DRAWING ON PAGE 27
ISSUE 20.

©

mattar how much force is applied. More
fikely 10 be a problem will be the
tlamptation to use the clamps in a position
whare only tha first few mm langth of the
iaw will reach the workpiece. In this case it
will be possibie Lo pivot tha clamp due to
the small amount of jaw in comtact with the
inem being machined. This most certainly is
unacceptable

Did you know?

The Garman stes] manufactiurars
Krupp set up a special ho pl to it
over 3000 German soldiers (who had
ost their teeth in battle) with
dentures - made from stainless steal
This was for W.W.| troops

Alan Jaeves

Angle and faceplate clamps

While discussing the secure moumnting of
itams on the angle plate, a small update on
the article in issue 20 page 24 is not out of
place. This article proposed a method for a
very compad r.l.'lms'iirig system for use on
aither the angle plate or the fﬁ:’.e;':l.m" It
was extended by the provision of longer
clamp plates, a feature which necessitated
an additional off centra hole in the posts.
This was done to maintain a satisfactory
ratio between the distance, support to
clamp screw, and, clamp screw to
waorkpiece. It is now realised, that with the
additional hole in the post, it is possible by

using this position for the shorter clamps,
these having revised hole positions, 1o
improve the ratio between the two halves
of the clamp plate, thus achieving 4 more
secure fixing

With this arrangement the central hole
becomes of little use. However, baing
easy to provide while turning the parts on
the lathe, they are still worthwhile for use
as a miniature |ack, as seen in photos 5 &
2 as an ald to positioning the outer hole as
seen in photo10. (The note relating to
photos 5, 2, 10 refer to the Wlustrations
used in the author's previous article - Ech
The drawings show the revised
arrangement and the new dimaensions for
the clamp plates. Of coursa, if you have
already made the clamp plates, there

is no réason why the hole cannot be @
added as an altemative.

A clean start

and into th
15 then nearly impossi
a nut (particularky in th
gizes). To make life easier, sc
nut on before cutting Into the
then afterwards it
unscrewed
and in tha process

C.Washington
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SCRIBE A LINE

Shaping tee slots the easy way

Fallowing my prompting, in issue 24
page 63, for an easy way to make tee slots
on the shaping machine, a number of
readers have come up with the same
solution, two fallow. D Rothwell of St
Albans also pointed aut that it had been
illustratad in Modal Engineer for the 19th
0c¢t. 1961, page 480,

From N. D. Silvester of Totton

With regard to the editor’s query relating
to shaping tee slots-in the excellent article
by Bill Morris. I have only In the last few
weoeks come across a method for easily
accompiishing this, despute having served
almaost 50 years in a toolroom.

The method is very simple and is as
described in the book Shaper Ops by J. W.

Barritt and published by Lindsey Pubs. Ine.
U.5.A.

I'he method needs little explanation not
covered by the accompanying sketch,
Modify a Strap hinge as shown and fir as
par the sketch. | have not treed the mathod
myself but am convinced it is foolproof, if
properly 2ot up. Of course, Always do a
dummy run to prove clearances elc.

And from Kevin W Young of Hull

Re the article in issua no 24 entitled,
Morea strokes with a shaper part 2, | would
like to suggest a safer method for cutting
ree slats. The mathod shown is fraught
with danger both to the machine and the
operator, when a few minutes work can
solve the probiem. During my
apprenticeship | was given a similar task to
the one in Bill Marris's article, the problem

of lifting the tool at the end of

©  ARM REDUCED IN WIDTH
-

=

MODIFIED HINGE.

Ll

ZARM REDUCED IN LENGTH

o

the cutting stroke was solved
by an old hand, who having
seen me standing around
scratching my head very kindly
came to my aid before the shop
foreman could pass an opinion
as o my mental state or
ancesiry.

The solution

First acquire an ordinary tee
hinge. the type used on garden
gates will do, | used a six inch
steel hinge 10 make one for my
Elliott ten inch shaper, The
accompanying sketch shows
where to cut. although the sizes
will depend on the size of
tooipost on indvidual
machines, Make sure you
remove all sharp edges and
radlius the bottom edge of the

The method

Mount the hinge and tee slot faol in the
toolpost, setting the jaint of the hinge
slightly above the top of the work when the
toal is sel at the full depth of the slot, the
hinge of course goes behind the tool, when
all is set move the ram by hand over its full
stroke to ensure all is correct. When you
are happy with the set-up turn on the
power and cut your tee slat as instructed in
Bill Marris’s article. | hope these few lines
will be of some help to shaper owners
artempting to get the most from a very
undler-rated machine tool.

Another automobile gearbox

Brian Cocksedge of Midhurst is another
reader whao has use an automobile gear
box for speed changing a lathe.
Unfortunately, neither Aubray or Brian
have indicated the approximate change in
ratios between top and bottom speed and
therefore an indication of the speed range
achieved, Perhaps another brief note from
tham would parhaps complete the picture.

! was interested 1o read about Aubray
Blake's Car gearbox driven Chipmaster
Lathe, (IMEW, No, 24) ! have had a
gearbox driving my Pools major lathe for
over 30 years, | think it is from an old Ford.
The main advantage using a car gearbox is
that you don't have to keep stopping and
starting the motor or use a clutch. The
synchromesh cones on the top 3 gears act
hke & ciutch and the bottormn gesr speed s
low enough to drop it in with 8 minimum
of crunching noifses. One soon gets used (o
easing it into gear with light pressure off
the synchromesh cones until up to speed
and then more pressure to fully engage the
gear. The reverse gear is also useful for the
oded times when it is required. A lighter
grade of oil can be uged in the box 1o an

fee strap, advantage lo reduce drag, this is not
defrimental to the box because of the
CUTTING TOOL
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fower speeds and gear loadings, (around
1500rpm a8 opposaed to batwaan 1000 and
8000+rpm), (approx. 1/2hp as opposed (o
8hp). If memory serves correctly | belfeve
8hp was the Ford Pop'’s RAC rating). With
the gearbox being made of alloy the clutch
housing was easily sawn away, but in
hindsight this could have been used to
advantage as a firm basis for a balt guard,

Dividing high prime numbers

David Dew of King's Lynn provides
some further information 1o that published
recently on the subject of dividing funny
numbers.

One must congratulate Geaff Gray on
the tenacity, he pursued and then resolved
his quest to achieve funny numbears (high
primas) from tha inadequata date given in
Machinery's Handbook on an indexing
tabile grvirg evary number up to
250.M.EW. No.22 p.47)

Last year | corresponded with the Editor
of Machinery's Handbook about this
table.As a result the next (25th) edition will
have some brief notes regarding the use of
this tabile. These will state that it s
intendied for use with the 3 orrginal Brown
& Sharpe plates.... (16, 17, 18,19, 20. /21, 23,
27, 28, 31, 3337, 39, 41, 43, 47, 49) with
holes right through. There will be a note
about the error but that will be addressed
later. | was looking the origin of this
extrernely claver table, but we failed to get
anywhere, Brown & Sharpe in U.K. and
U.8.A had no clue at all. If you have a
reference to this turn of the century
mathamatical genius do bring it to light
please. This is a fine method for model
engineers to use for high prime numbers.
lgnore the errors, they are infinitesimal and
spread all round the circle as wall

For those not familiar with the
difficulties, look at the other methods of
abtaining high primes....

a) Industry would now use a CNC
machine. Pump in the number and the
radfius, push a few butrons, the polar co
ordinates will be converted to rectangular
(x and y axis) and the whole thing wall be
drilled fully automatically!

b) If one has a reasenably accurate
rmullielell omve can

work the polar to rectangular co-
ordinates on a calculator with that facility
and drill each hole on 2 new settings.

c) Trachtional method is o use a spiral
dividing head with its full set of change
gears. Gears inside the hoad form a
differential which can add (or subtract)
numbers. 113 can be 13/39ths = 37 2/3

Stainless steel in
marine applications

Waelding rods for stainless staels

this will de r uch corr
especially around the joint.

Alan Jeeves
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turns. The remaining 2 1/3 turns come from
the gear train 56T + 24T. This type of head
15 many times the price of a Sr'l"i)pfr? wWorm
and wheel,

d).The VDH (Versatile Dividing Head|
designed by Geo. Thomas uses two 2 60:1
worms to effectively give a ratio of 3600:1
and 100 graduations to give 360,000
divisions par revolution, Hancea 360.000 +
113 = 3185.84 divisions. This fs a large
enmaugh number that an error of T or 2 will
havea little significance. The mechanics and
the arithmetic are claverly blended in the
VDH ro make the double worm-drive quick
and easy (0 use,

Kearnay & Treaker rmade a dividing head
on a similar double warm principle, but it is
not as easy to use, (Nor have | seen any
directions for it. if anyona has them
plaass.)

@) A finely graduated rotary table, My
modified College Enginaeving Supply tabla
s Varmer calibrated to 1/500th degree
(180,000} aithough it cannot in fairmess be
that accurate.Geo, Thomas describes a
calibrated table on his UPT which is similar
10 uso,

fl He aiso describes marking out with
dividers as a solution. (Dhnding &
Graduating, TEE Publishing).

Clock lubrication

& which
10 ratain

or othar mechan
ara provided with oil sin

Alan Juoves

gl The table used by Geoff Gray from
Macthinery's Handbook

| have just made the 3 oniginal B& 5
plates on an unwanted dividing head |
borrowed (from a CNC machine-shop).
This has a more modern single double-
sided plate, similar to that used by Gaoff
Gray ... 15.17.18.21.(124),29, 33. 39, 43, 48
(13), 16, 18. 20, 23, 27, 31, 37, 41, 47, and
these holes are blind of course. This double
plate is OK. for simple indexing, but not for
compound and (what | shall call) complax
indexing. All the published data, and thére
is quite a lot, 13 for the old style 3 plate
layout, and [ thought it wise to lock
anto that

The plates | wanted are for Spam, my
millidrillfgrind spindie, which as it sils at
cantre height an a Myford it is therefore the
same size as the VOH, thus needing 4in.
plates. | ended up exactly copying G.H.T's
design for everything from the plate up. |
must use a 40T wormwheel of course. |
produced the first st of plates in ¥wsin.
gauge plate and hardened these, | could
then use these as a drill jig (and so can
other people! to make BMS plates mueh,
much quicker. These fit the VOH and G.H.T
mandrel dividers 1oo.

Compound and cornplex indexing is
worked by not screwing the plate (o the
body. The first index I§ achieved by normal
rotatien of the plunger over the plate,
which is located with a pin into the back of
the plate from the body. Then the plunger
is left in the index hole and the pin is

Stainless steel in
marine applications

Bi-metallic corrosion

f y Titting

2 im future
1 refurbishing or
118 D@ ng carred out

Alan Jeeves

reynoved from the plate. The plate and
locked plunger are now rotated over the
pin a certain number of holes. Thus 127 =
2t423h in 39 (on the front) + 12h in 49 at the
rezar, the work doing & whole revs during
this. The clever table always useas the pin in
the outer circle.

One has to be more than dedicated fo
tackle large numbaers (daft is a shortar
word) and to artempt 73, 113, 127, ete. by
complex indexing direct onto the work ig
asking for mistakes, These are best
permanently stored onto a spare plate for
that purposa.

TiN, Titanium Nitride

Ron Hough of Beckenham points out an
error in issue 23,

Regarding the item in Trade Counter on
page 40 of rsswe 23 of the magazine, 1
cannot believe that Stan Bray was
responsible for misleading readers into
thunking that it is possible to buy drills
coated in Tin, | can only imagine thal your
typesetiers altered what they took to be a
typographical error in his submission

These gold colourad diills are of course
coated in TN, an abbreviation for Titarium
Nitride. | had been looking at a Dormer
handbook only minutes before seeing this
articla and the error shouted at me.

Radiused bottomed grooves

From Simon Trendall of Berkshire, an
alternative method,

Re the Quick Tip for producing radiused
grooves in issue 23 pagé 64, If vou have o
vartical mill or mifling attachment with a
swivelling head an ordinary andmill can be
used instead, By tilting the head a ‘radius”
can be produced of any size from z2ero with
the head vertical to the radius of the cutter
with the haad horizontal. The groove
formed will not be a true radius but a part
of an ellipse,the runout at each end (if
making the groove biind) will also be
different but by indexing the workpiece
180ctag.. this can be ovarcomna, This
method is adequate for most jobs and a lot
cheaper than buying special cutters,

CAD warning

Attermpting to learn mora than one
program ig not a good idea, suggests T.
Hart of Wrexham

| have enjoyed the magazine greatly,
aespecially the recemt CAD articles. | have
racently been trying Turbocad for Windows

Model Engineers’ Workshop



which seems fine but my learning curve is
rather lengthy as the snaps and other
controls are quite different to Autosketch
and Draft Choice which | am used (o,
Perhaps its best to get really proficient at
one program and forget the other tempting
glossy adverts that arrive in the post every
week once the Software Houses find vour
name and addrass,

Information sought

From James Hotinger of Richmond,
Verginia, U.S.A

| am asking for MEW's. readers”
assistance in reference to a recently
purchasad band saw. it is labelled a
Continental Band Fifer, made by
Continental Machines, Inc., Minnsapolis,
USA. It has English Patent Nos. on it, 50 |
feit that someone in the U.K. may have a
similar machine. Mine is marked Model FC,
Sarial No. 753. | am looking for any
information and an operator's manual and
exploded diagrams 1o buy or borrow for
cCopying.

Additionally, while on holfday in
England in January | attended, and enjoyed
immansely, the Model Engineer Exhibition
ar Olympia. At a car boot sale | purchased a
yaar's worth (for 1912) of Models,
Railways, & Locomotives, edited by Henry
Graanly. Does anyone have suggestions
where | might ebtain copies of other issues
of this magazina? | would like to borrow, or
buy if needed, other issuas from which |
could copy pertinent articles. | will respond
to any informatien i receive.

Tee slots in mild steel

From Peter Bowes of Victaria Australia.

| have on several occasions needed to
mount a workpiece on the cress slide of
my Taiwanase lathe, but having no tee
slots | have had no option other then

securing the article 1o tha tool post, &
fiddlpy and somatimas unsteady process.

Just recently | decided | cowld no longer
suffer in this way. and would have to make
a tee slot plate which could be bolted to the
cross sfice, bust how to cut the slors without
buying an expensive cutter which would be
rarely used.

The question was answered on page 36
of [ssue 17 MEW, (Juneiduly 1933). This
simple cutter worked beautiful on a block
of mild steel no more dodgy set-ups on the
cross slide

Indexing Device

Gordon Hall of Barford has an indexing
davice. Can anyone explain its purpose?

| possess an Indexing Cutter Head (|
think?] with 8 and 8 hole divisions. The
detent plunger is on a collar and this collar

always allows a 35deq. (or thereabouts)
angular movement to the plunger, which
n""F_\'_flhiE" rrroerment cannret f}@‘ fooked. The
median angular position of this angular
moverment can be set Hgd)l‘l’lh‘l’ [ ]
circurmferential scale with divisions fa) 2 -
4BA (b} vain, (e} ¥ - Zain, (d) ¥ -2%in, (e} 1- 1
'2in,, thesa divisions ambracing 40deg. (or
thereabouts), The divisions would appear
to relate to threads (BA and Whit?).

Tapholder simplified
From T Tayler of Windhoek Namibia.

I read with interest the article by
R.McKenzie In lssue 21 of MEW. and
would like to point out 1o prospective
builders of this useful too! that ar least
three quarters of this attachment is already
in moest workshops.

One of the first projects that | made

Sept/Oct 94

1: General view of indexing device. The
calibrations can just be seen on the end
cap at the right hand end.

2: End cap removed. Note the cam on the
and of the spindile and the stop pin in the
end cap.

when | acquired my lathe was a tall-stock
die-holdar. Thig die-holder contains all the
parts for the tap-holder except for the
burtons 1o hold the taps. These buttons will
have to be turned to suit the die-holder.
The dimples for the grub-screws will also
have to be made to suit, The only other
part that may have to be made is the drill
prass adapter as that would not normally
be raquired for the die-holder.

Machining stainless, problem
solved

From R G Shepard of the Isla of Wight this
letter with a recommandation for
machining stainkess steal

Regarding your editorial in lssue 15 | think |
may be able to supply soma useful
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information on the machining of stainlpss
steel. I must first inform you that | am not
an engineer by profession, but for the last
50 odd years have been inlorestad in

madel engineering and tool making, and

hawve fram time o trme bewen called upon to

underfake soume rather exacting work on a
commarcial basis,

I have had not recent experience with
stainless steal but 25 years ago | had to
make somea componants in this materia! on
my Myford S7B. | encountered all the usual
problems. | d0 not know the specification
of the material, but it was non-magrelic
and resistant to corrosion Dy 523 WaLeT, in
various sizes up to 15 inch diameter.

To cut a long story very short, | wrote (o
Myfords axplaining my difficullies turning
this material using both HSS and carbide
tools, Back came 8 most helpful letter from
one of their directors in which he referred
mi (o a reol material known as Blackalloy
525 and TX90, which they had been using
in their works on stainlass steel, | wrote to
the suppliers. Brunner Machine Tools Lid
{see Trade Counter - Ed.) from whom |
abfained 8 piece of Blackalloy 525. After
axperimenting with tool angles, speeds,
depth of cut, and feed | found my problams
ware solved, and turning stainless steel
became almost as easy as mild steel and
tool life was very greatly increased.

One impenant peint is that tools can be
ground on an ordinary grinding wheal s
used for HSS - no green grit or diamond
laps, just an oilstone slip,

Novel Dividing

Jack Mcintosh of Glasgow suggests a
noved approach to achiaving a divigion of 125
No doubt it could be adapted to suit many
other numbers by altering the gear ratio.

| recently made an alumimiurm doisl with
125 divisions for the tail stock of my ML7
using 871 gearing leadscrew to chuck, Eigiht
divisions on the lead screw dial
corresponded o one division on the dial
being made in the chuck. The dial was
grooved with threading tool an its side
using the rack feed as a shaper. It is
advisable to have a table of lead screw
settings every B divissons (0,8 16,

1203,17,19 ...

Milling Safety

Chris Ford of Gloucestershire suggests that
milling an the drilling machine is not the
done thing, Cenainly the absence of a draw
bar s a major safely hazard

You have a clash aof poinrs. Pages 32-33
an safety are basically common sense but
we all need to be reminded of the most
basic points from time lo time as we are all
guilty of bad practice

Howeaver, the letter (Peter Annely) on
page 67 contains the old favourite on
drilling machines I use it for light milting”

A dnlling machine is for drilling hotes
with, nothing more, A milling machine is
for milling operations.

| know that this has been pointed out
many tirnes before in the maodeaiiing press,

but if you can please maka the point.
Everything in the workshop is safe if used
correctly, but dangerous if used incormectly
and milling should not be done on a
drilling maching.

Safety First

From Mike Holben of Okehampton who
is Spares Registrar of the Brough Superior
Club
Mr. P. Smith is very correct when o stress
(S.AL. issue 23 page 67) that it is not advis-
able to use old half shafts rescued from the
scrap yard for making motorcycle fork
spindles. The person who suggested this
idea cannot have had tha experience which
I have of changing sheared off halfshafts
on a large variety of vehicles from small
cars to Torklift trucks: no one can tell the
strains to which a secondhand shaft may
have been subected; apart from the risk
involved the whale thin. ems rather
paintiess, machining large lumps of steel

when several advertisers in M.E.W. offer
steel of known specification in the sizes
and quantitias we require for such |
Oparations at a very reasonable puice. @

Easy starting

The corner of a three-square or half
round file is good for marking and
quide for starting a
saw cut. It saves wear and toar
on thumbs, R.J. Loader

IN OUR NEXT ISSUE

Coming up in the NOVEMBER/DECEMBER issue, No. 26, will be:

Making a precision angle plate without the aid
of a second angle plate, and its easy.

Tailstock taper turning attachment. Turning tapers using an
offset centre, but without the need to reposition the tailstock.

Removing rust, deburring components, acquiring a surface
finish, all can be achieved by using a tumbler. A device
much used in industry but rarely seen in the home, except
for small versions used for polishing semi precious stones.
We consider its possibilities in the home workshop.

AND MUCH
MORE
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